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L’irrégularité, l’anomalie, ne sont pas conçues comme des accidents affectant l’individu, 

mais comme son existence même 
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Figure 1 : Représentation schématique des différents usages du terme « syndrome » 
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1
 Une approche, basée sur l’automatisation de la collecte et de l’analyse des données, consistant à surveiller des 

indicateurs de santé en temps réel ou quasi réel dans le but de détecter des foyers de maladie plus rapidement 
qu’avec des méthodes traditionnelles de surveillance, reposant sur un diagnostic spécifique. 
2
 Surveillance basée sur des données sanitaires (signes cliniques ou indicateurs indirects) qui précèdent le 

diagnostic formel et révélent un changement de l’état de santé d’une population suffisant probable pour justifier 
des investigations 



1ｴ;ヮｷデヴW"ヱ"

ンヲ"
"

7;ﾐゲ"IWデデW"SYaｷﾐｷデｷﾗﾐ"ヮヴﾗヮﾗゲYW"ヮ;ヴ"SWゲ"YヮｷSYﾏｷﾗﾉﾗｪｷゲデWゲ"SW"ゲ;ﾐデY";ﾐｷﾏ;ﾉWが"ﾉWゲ"ヴYaYヴWﾐIWゲ";┌"
デWﾏヮゲ" ヴYWﾉ" Wデ" <" ﾉげ;┌デﾗﾏ;デｷゲ;デｷﾗﾐ" ﾗﾐデ" Sｷゲヮ;ヴ┌く" 7W" ﾏZﾏW" ﾉ;" ﾐﾗデｷﾗﾐ" SW" SYデWIデｷﾗﾐ" ヮヴYIﾗIW"
ゲげWaa;IW";┌"ヮヴﾗaｷデ"Sげ┌ﾐ"ﾗHﾃWIデｷa"ヮﾉ┌ゲ"ｪYﾐYヴ;ﾉ"SげｷSWﾐデｷaｷI;デｷﾗﾐ"SW"た"Iｴ;ﾐｪWﾏWﾐデゲ"だ"S;ﾐゲ" ﾉげYデ;デ"
SW"ゲ;ﾐデY"SW" ﾉ;"ヮﾗヮ┌ﾉ;デｷﾗﾐ"ゲ┌ヴ┗WｷﾉﾉYWく"]げ┌デｷﾉｷゲ;デｷﾗﾐ"SげｷﾐSｷI;デW┌ヴゲ"SW"ゲ;ﾐデY"ヮW┌"ゲヮYIｷaｷケ┌Wゲ"ﾗ┌"
ｷﾐSｷヴWIデゲ" ヴWゲデW" Wﾐ" ヴW┗;ﾐIｴW" ┌ﾐW" I;ヴ;IデYヴｷゲデｷケ┌W" SYデWヴﾏｷﾐ;ﾐデW" SW" ﾉ;" ゲ┌ヴ┗Wｷﾉﾉ;ﾐIW"
ゲ┞ﾐSヴﾗﾏｷケ┌Wく""

1WデデW"SYaｷﾐｷデｷﾗﾐ"ヮヴYIｷゲW"Wﾐ"ﾗ┌デヴW"ケ┌W" ﾉWゲ" ｷﾐSｷI;デW┌ヴゲ"┌デｷﾉｷゲYゲ" ゲﾗﾐデ"た"ヮヴYどSｷ;ｪﾐﾗゲデｷケ┌Wゲ"だく"1W"
ケ┌;ﾉｷaｷI;デｷa"Wゲデ"SｷゲI┌デ;HﾉW"I;ヴ" ｷﾉ"ﾐW"ゲげ;ヮヮﾉｷケ┌W"ケ┌げ;┌"I;ゲ"ヮ;ヴデｷI┌ﾉｷWヴ"SWゲ" ｷﾐSｷI;デW┌ヴゲ"IﾗﾉﾉWIデYゲ"
IｴW┣" SWゲ" ヮ;デｷWﾐデゲ" Wﾐｪ;ｪYゲ" S;ﾐゲ" ┌ﾐW" SYﾏ;ヴIｴW" Sｷ;ｪﾐﾗゲデｷケ┌Wく" v;ヴ" W┝WﾏヮﾉW" ﾉWゲ" ゲｷｪﾐWゲ" Wデ"
ゲ┞ﾏヮデﾚﾏWゲ" Iﾉｷﾐｷケ┌Wゲ" ﾗHゲWヴ┗Yゲ" IｴW┣" SWゲ" ヮ;デｷWﾐデゲ" Wﾐ" Iﾗﾐゲ┌ﾉデ;デｷﾗﾐ" Sげ┌ヴｪWﾐIW" ヮW┌┗Wﾐデ"
WaaWIデｷ┗WﾏWﾐデ"ZデヴW" IﾗﾐゲｷSYヴYゲ" IﾗﾏﾏW"SWゲ" ｷﾐSｷI;デW┌ヴゲ" ヮヴYどSｷ;ｪﾐﾗゲデｷケ┌Wゲが" I;ヴ" ﾉ;" ヮ;デｴﾗﾉﾗｪｷW"
SW"IWゲ"ヮ;デｷWﾐデゲ"ゲWヴ;"ヮヴﾗH;HﾉWﾏWﾐデ"ｷSWﾐデｷaｷYW"<"ﾉげｷゲゲ┌W"SW"ﾉW┌ヴ"ヮヴｷゲW"Wﾐ"Iｴ;ヴｪWく";ﾐ"ヴW┗;ﾐIｴWが"ﾉ;"
aヴYケ┌WﾐIW" SW" ゲ;ｷゲｷW" Sげ┌ﾐ" デWヴﾏW"ﾏYSｷI;ﾉ" S;ﾐゲ" ﾉWゲ"ﾏﾗデW┌ヴゲ" SW" ヴWIｴWヴIｴW" ゲ┌ヴ" ｷﾐデWヴﾐWデ" ヮW┌デ"
SｷaaｷIｷﾉWﾏWﾐデ"ZデヴW"IﾗﾐゲｷSYヴYW"IﾗﾏﾏW"┌ﾐ"ｷﾐSｷI;デW┌ヴ"ヮヴYどSｷ;ｪﾐﾗゲデｷケ┌W"ヮ┌ｷゲケ┌W"ﾉげYデ;デ"SW"ゲ;ﾐデY"
SW" ﾉげｷﾐデWヴﾐ;┌デW" ;┞;ﾐデ" ゲ;ｷゲｷ" IWゲ" デWヴﾏWゲ" Wゲデ" ｷﾐIﾗﾐﾐ┌" Wデ" ヴWゲデWヴ;" ｷﾐ;IIWゲゲｷHﾉWく"cZﾏW" ヮﾗ┌ヴ" ﾉWゲ"
ヮ;デｷWﾐデゲ"Wﾐｪ;ｪYゲ"S;ﾐゲ"┌ﾐ"ヮ;ヴIﾗ┌ヴゲ"SW"ゲﾗｷﾐが"ｷﾉ"ﾐげWゲデ"ヮ;ゲ"ヴ;ヴW"ケ┌げ┌ﾐ"Sｷ;ｪﾐﾗゲデｷI"aﾗヴﾏWﾉ"ﾐW"ゲﾗｷデ"
ﾃ;ﾏ;ｷゲ" ;デデWｷﾐデ" a;┌デW" Sげｷﾐ┗Wゲデｷｪ;デｷﾗﾐゲ" ゲ┌ヮヮﾉYﾏWﾐデ;ｷヴWゲ" ふヮ;ヴデｷI┌ﾉｷXヴWﾏWﾐデ" Wﾐ" ﾏYSWIｷﾐW"
┗YデYヴｷﾐ;ｷヴWぶ"Wデ"ケ┌W" ﾉWゲ" ゲ┞ﾐSヴﾗﾏWゲ"ﾗHゲWヴ┗Yゲ"ﾐW"ゲﾗｷWﾐデ" ﾃ;ﾏ;ｷゲ" aﾗヴﾏWﾉﾉWﾏWﾐデ";デデヴｷH┌Yゲ"<"┌ﾐW"
ﾏ;ﾉ;SｷW"Wﾐ"ヮ;ヴデｷI┌ﾉｷWヴく"#ｷﾐゲｷ" ﾉ;"ゲ┌ヴ┗Wｷﾉﾉ;ﾐIW"ゲ┞ﾐSヴﾗﾏｷケ┌W"ヮW┌デ"ゲW"ヴY;ﾉｷゲWヴ" ｷﾐSYヮWﾐS;ﾏﾏWﾐデ"
SW"デﾗ┌デW"SYﾏ;ヴIｴW"Sｷ;ｪﾐﾗゲデｷケ┌Wく"

1WデデW" ゲ┌HデｷﾉｷデY" ;" YデY" ｷﾐデYｪヴYW" S;ﾐゲ" ﾉ;" SYaｷﾐｷデｷﾗﾐ" Sげ┌ﾐ" ｪヴﾗ┌ヮW" SW" デヴ;┗;ｷﾉ" ゲｷﾏｷﾉ;ｷヴW" ヴY┌ﾐｷ" Wﾐ"
;ﾏﾗﾐデ"SW"ﾉ;"1ﾗﾐaYヴWﾐIW"ｷﾐデWヴﾐ;デｷﾗﾐ;ﾉW"ゲ┌ヴ"ﾉ;"ゲ┌ヴ┗Wｷﾉﾉ;ﾐIW";ﾐｷﾏ;ﾉW"ふNﾐデWヴﾐ;デｷﾗﾐ;ﾉ"1ﾗﾐaWヴWﾐIW"
ﾗﾐ"#ﾐｷﾏ;ﾉ"KW;ﾉデｴが"N1#K}ぶ"Wﾐ"ヲヰヱヱ"ふKﾗｷﾐ┗ｷﾉﾉWが"ヲヰヱヱぶぎ"

さ}┌ヴ┗Wｷﾉﾉ;ﾐIW"デｴ;デ"┌ゲWゲ"ｴW;ﾉデｴどヴWﾉ;デWS"S;デ;"ふIﾉｷﾐｷI;ﾉ"ゲｷｪﾐゲ"ﾗヴ"ﾗデｴWヴ"S;デ;ぶ"デｴ;デ"ﾏ;┞"
ヮヴWIWSW"ﾗヴ"ゲ┌Hゲデｷデ┌デW"aﾗヴ"aﾗヴﾏ;ﾉ"Sｷ;ｪﾐﾗゲｷゲき"デｴｷゲ"ｷﾐaﾗヴﾏ;デｷﾗﾐ"ﾏ;┞"HW"┌ゲWS"デﾗ"ｷﾐSｷI;デW";"
ゲ┌aaｷIｷWﾐデ"ヮヴﾗH;Hｷﾉｷデ┞"ﾗa";"Iｴ;ﾐｪW"ｷﾐ"デｴW"ｴW;ﾉデｴ"ﾗa"デｴW"ヮﾗヮ┌ﾉ;デｷﾗﾐ"デﾗ"SWゲWヴ┗W"a┌ヴデｴWヴ"
ｷﾐ┗Wゲデｷｪ;デｷﾗﾐ"ﾗヴ"デﾗ"Wﾐ;HﾉW";"デｷﾏWﾉ┞";ゲゲWゲゲﾏWﾐデ"ﾗa"デｴW"ｷﾏヮ;Iデ"ﾗa"ｴW;ﾉデｴ"デｴヴW;デゲ"┘ｴｷIｴ"

ﾏ;┞"ヴWケ┌ｷヴW";Iデｷﾗﾐざヱ"

1WデデW"ﾐﾗ┌┗WﾉﾉW"SYaｷﾐｷデｷﾗﾐ"ヮヴYIｷゲW"ケ┌W"ﾉWゲ"ｷﾐSｷI;デW┌ヴゲ"ゲ┞ﾐSヴﾗﾏｷケ┌Wゲ"ヮW┌┗Wﾐデ"ゲW"ゲ┌Hゲデｷデ┌Wヴ";┌"
Sｷ;ｪﾐﾗゲデｷI"aﾗヴﾏWﾉ"ヮﾉ┌デﾚデ"ケ┌W"SW"ﾉW"ヮヴYIYSWヴく"7W"ヮﾉ┌ゲが"ﾉげﾗHﾃWIデｷa"SげY┗;ﾉ┌Wヴ"ﾉげｷﾏヮ;Iデ"SW"ﾏWﾐ;IWゲ"
ｷSWﾐデｷaｷYWゲ"┗ｷWﾐデ"ゲげ;ﾃﾗ┌デWヴ"<"IWﾉ┌ｷ"SW"SYデWIデｷﾗﾐ"ヮヴYIﾗIWく""

Eｷﾐ;ﾉWﾏWﾐデが" ﾉW" ｪヴﾗ┌ヮW" SW" デヴ;┗;ｷﾉ" W┌ヴﾗヮYWﾐ" ~ヴｷヮﾉWど}" ふIaく" ヮ;ヴ;ｪヴ;ヮｴW" ンくヱぶが" ヴY┌ﾐｷゲゲ;ﾐデ"
YヮｷSYﾏｷﾗﾉﾗｪｷゲデWゲ"SW"ゲ;ﾐデY";ﾐｷﾏ;ﾉW"Wデ"ｴ┌ﾏ;ｷﾐWが";"ヮヴﾗヮﾗゲY"Wﾐ"ヲヰヱヱ"┌ﾐW"SYaｷﾐｷデｷﾗﾐ"SYデ;ｷﾉﾉYW"
SW"ﾉ;"ゲ┌ヴ┗Wｷﾉﾉ;ﾐIW"ゲ┞ﾐSヴﾗﾏｷケ┌W"ふ~ヴｷヮﾉW}"ヮヴﾗﾃWIデが"ヲヰヱヱぶぎ"

さ}┞ﾐSヴﾗﾏｷI"}┌ヴ┗Wｷﾉﾉ;ﾐIW"ｷゲ"デｴW"ヴW;ﾉどデｷﾏW"ふﾗヴ"ﾐW;ヴ"ヴW;ﾉどデｷﾏWぶ"IﾗﾉﾉWIデｷﾗﾐが";ﾐ;ﾉ┞ゲｷゲが"ｷﾐデWヴヮヴWデ;デｷﾗﾐ"
;ﾐS"SｷゲゲWﾏｷﾐ;デｷﾗﾐ"ﾗa"ｴW;ﾉデｴどヴWﾉ;デWS"S;デ;"デﾗ"Wﾐ;HﾉW"デｴW"W;ヴﾉ┞"ｷSWﾐデｷaｷI;デｷﾗﾐ"ﾗa"デｴW"ｷﾏヮ;Iデ"ふﾗヴ"
;HゲWﾐIW"ﾗa"ｷﾏヮ;Iデぶ"ﾗa"ヮﾗデWﾐデｷ;ﾉ"ｴ┌ﾏ;ﾐ"ﾗヴ"┗WデWヴｷﾐ;ヴ┞"ヮ┌HﾉｷIどｴW;ﾉデｴ"デｴヴW;デゲ"┘ｴｷIｴ"ヴWケ┌ｷヴW"

WaaWIデｷ┗W"ヮ┌HﾉｷI"ｴW;ﾉデｴ";Iデｷﾗﾐく"

}┞ﾐSヴﾗﾏｷI"ゲ┌ヴ┗Wｷﾉﾉ;ﾐIW"ｷゲ"H;ゲWS"ﾐﾗデ"ﾗﾐ"デｴW"ﾉ;Hﾗヴ;デﾗヴ┞"IﾗﾐaｷヴﾏWS"Sｷ;ｪﾐﾗゲｷゲ"ﾗa";"SｷゲW;ゲW"H┌デ"
ﾗﾐ"ﾐﾗﾐどゲヮWIｷaｷI"ｴW;ﾉデｴ"ｷﾐSｷI;デﾗヴゲ"ｷﾐIﾉ┌Sｷﾐｪ"IﾉｷﾐｷI;ﾉ"ゲｷｪﾐゲが"ゲ┞ﾏヮデﾗﾏゲ";ゲ"┘Wﾉﾉ";ゲ"ヮヴﾗ┝┞"ﾏW;ゲ┌ヴWゲ"

                                                
1
 Surveillance basée sur des données sanitaires (signes cliniques ou indicateurs indirects) qui précèdent ou 

remplacent le diagnostic formel ; cette information peut être utilisée pour révéler un changement de l’état de santé 
d’une population suffisant probable pour justifier de plus amples investigations et permettre l’évaluation rapide de 
l’impact de menaces sanitaires requérant une intervention  
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1
 La surveillance syndromique est la collecte, l’analyse, l’interprétation et la diffusion en temps réel (ou quasi réel) 

de données pour permettre l’identification de l’impact (ou l’absence d’impact) de menaces potentielles pour la 
santé publique ou animale qui requiert une intervention publique. 
La surveillance syndromique est basée non pas sur le diagnostic d’une maladie confirmé par des tests de 
laboratoire mais sur des indicateurs sanitaires non spécifiques, dont les signes et symptômes cliniques, les 
syndromes ainsi que d’autres variables de substitution (ex. absentéisme, vente de médicaments, chutes de 
production animale) qui constituent un diagnostic provisoire (ou « syndrome »).  
Les données sont généralement collectées pour d’autres raisons que la surveillance et, lorsque cela est possible, 
sont générées automatiquement de façon à ne pas imposer une charge supplémentaire aux fournisseurs de 
données. Cette surveillance tend à être non spécifique mais sensible et rapide, et peut augmenter et 
complémenter l’information produite par les systèmes de surveillance traditionnels basés sur les tests de 
laboratoire. 
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Figure 2 : Exemple d’indicateurs utilisables pour la surveillance épidémiologique réparti selon leur degré 

de représentativité (axe horizontal bleu) et l’étendue du spectre d’évènements ciblés par le système (axe 

vertical rouge) 
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Figure 3 : Exemples d’indicateurs de l’état de santé d’une population utilisés dans le cadre de la 

surveillance syndromique  
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Figure 4 : Chronologie des signaux produits suite à l’introduction du virus West Nile dans un 

environnement donné (source : CDC) 

ヱくヴくンくヴ NﾐデYヴZデ"SWゲ"SﾗﾐﾐYWゲ"┗YデYヴｷﾐ;ｷヴWゲ"ヮﾗ┌ヴ"ﾉ;"ゲ┌ヴ┗Wｷﾉﾉ;ﾐIW"ゲ┞ﾐSヴﾗﾏｷケ┌W"
ｴ┌ﾏ;ｷﾐW"

]Wゲ"SﾗﾐﾐYWゲ"┗YデYヴｷﾐ;ｷヴWゲ"ﾐﾗﾐ"ゲ┞ﾐSヴﾗﾏｷケ┌Wゲ"ヮW┌┗Wﾐデ";┌ゲゲｷ"ZデヴW"┌ﾐW"ゲﾗ┌ヴIW"SW"SﾗﾐﾐYWゲ"ヮﾗ┌ヴ"
ﾉWゲ" ゲ┞ゲデXﾏWゲ" SW" ゲ┌ヴ┗Wｷﾉﾉ;ﾐIW" ゲ┞ﾐSヴﾗﾏｷケ┌W" ｴ┌ﾏ;ｷﾐゲく" ⁄ﾐW" Yデ┌SW" ヴYデヴﾗゲヮWIデｷ┗W" ;" ;ｷﾐゲｷ" YデY"
IﾗﾐS┌ｷデW" ;┌┝" v;┞ゲど0;ゲ" ヮﾗ┌ヴ" ゲ;┗ﾗｷヴ" ゲｷ" ┌ﾐ" ゲ┞ゲデXﾏW" SW" ゲ┌ヴ┗Wｷﾉﾉ;ﾐIW" ゲ┞ﾐSヴﾗﾏｷケ┌W" ;┌ヴ;ｷデ" ヮ┌"
SYデWIデWヴ"ヮﾉ┌ゲ"デﾚデ"ﾉWゲ"aﾗ┞Wヴゲ"SW"1ﾗ┝ｷWﾉﾉﾗゲW"ふaｷX┗ヴW"xぶ"ｴ┌ﾏ;ｷﾐゲ"ゲ┌ヴ┗Wﾐ┌ゲ"Wﾐ"ヲヰヰΑ"S;ﾐゲ"IW"ヮ;┞ゲく"
]Wゲ"ヴWｪヴﾗ┌ヮWﾏWﾐデゲ"SW"ゲ┞ﾐSヴﾗﾏWゲ"た"ｷﾐaWIデｷﾗﾐ"SWゲ"┗ﾗｷWゲ"ヴWゲヮｷヴ;デﾗｷヴWゲ" ｷﾐaYヴｷW┌ヴWゲ"だ" ｷSWﾐデｷaｷYゲ"
IｴW┣"ﾉげKﾗﾏﾏW";┗;ﾐデ"ﾉW"SYH┌デ"SW"ﾉげYヮｷSYﾏｷW"ﾗﾐデ"YデY"IﾗﾐゲｷSYヴYゲ"IﾗﾏﾏW"SWゲ"aﾗ┞Wヴゲ"SW"aｷX┗ヴW"x"
ヮヴﾗH;HﾉWゲが"ヮﾗゲゲｷHﾉWゲ"ﾗ┌"ｷﾏヮヴﾗH;HﾉWゲが"ゲWﾉﾗﾐ"ﾉW┌ヴ"Sｷゲデ;ﾐIW"<"SWゲ";ｪヴYｪ;デゲ"SW"aWヴﾏWゲ"I;ヮヴｷﾐWゲ"
ｷﾐaWIデYWゲ"ふﾉWゲ"YﾉW┗W┌ヴゲ"SW"IｴX┗ヴWゲ";┗;ｷWﾐデ"ﾗHﾉｷｪ;デｷﾗﾐ"SW"ﾐﾗデｷaｷWヴ"ﾉWゲ"ｷﾐaWIデｷﾗﾐゲ"S┌Wゲ"<"1ﾗ┝ｷWﾉﾉ;"
0┌ヴﾐWデｷｷぶく""

]Wゲ" ;┌デW┌ヴゲ" ﾐﾗデWﾐデ" ケ┌W" IWゲ" 7}}" ｴ┌ﾏ;ｷﾐゲ" aﾗﾐIデｷﾗﾐﾐWヴ;ｷWﾐデ" ﾏｷW┌┝" ゲげｷﾉゲ" ｷﾐデYｪヴ;ｷWﾐデ" SWゲ"
SﾗﾐﾐYWゲ" ゲ┌ヴ" ﾉWゲ" aWヴﾏWゲ" ｷﾐaWIデYWゲく" 1Wﾉ;"ヮﾗ┌ヴヴ;ｷデ" Y┗ｷデWヴ"SW" ﾉ;ﾐIWヴ"SWゲ" ｷﾐ┗Wゲデｷｪ;デｷﾗﾐゲ" ｷﾐ┌デｷﾉWゲ"
ゲ┌ヴ"SWゲ"ヴWｪヴﾗ┌ヮWﾏWﾐデゲ"SW"I;ゲ"ヮヴﾗH;HﾉWﾏWﾐデ"a;┌┝"ヮﾗゲｷデｷaゲが"I;ヴ"YﾉﾗｷｪﾐYゲ"SWゲ"aWヴﾏWゲ"ｷﾐaWIデYWゲ"
ふ┗;ﾐ"SWﾐ"‡ｷﾃﾐｪ;;ヴS"Wデ";ﾉくが"ヲヰヱヱぶく"



1ｴ;ヮｷデヴW"ヱ"

ヴヵ"
"

ヲ cYデｴﾗSﾗﾉﾗｪｷW" SW" ﾉ;" SYデWIデｷﾗﾐ" Sげ;ﾐﾗﾏ;ﾉｷWゲ" Wﾏヮﾉﾗ┞YW" Wﾐ"
ゲ┌ヴ┗Wｷﾉﾉ;ﾐIW"ゲ┞ﾐSヴﾗﾏｷケ┌W"

]Wゲ"7}}"ヮヴﾗS┌ｷゲWﾐデ"SW"ﾏ;ﾐｷXヴW"Iﾗﾐデｷﾐ┌W"┌ﾐ"┗ﾗﾉ┌ﾏW"SW"SﾗﾐﾐYWゲ"W┝デヴZﾏWﾏWﾐデ"ｷﾏヮﾗヴデ;ﾐデ"ケ┌ｷ"
ヴWヮヴYゲWﾐデW"┌ﾐ"┗Yヴｷデ;HﾉW"SYaｷ"Wﾐ" デWヴﾏWゲ"Sげ;ﾐ;ﾉ┞ゲWく"⁄ﾐ" デWﾉ" aﾉ┌┝"SW"SﾗﾐﾐYWゲ"ﾐW"ヮW┌デ"ヮ;ゲ"ZデヴW"
SｷヴWIデWﾏWﾐデ"W┝;ﾏｷﾐY"Wデ" ｷﾐデWヴヮヴYデY"ヮ;ヴ"┌ﾐ"ZデヴW"ｴ┌ﾏ;ｷﾐ"Wデ"Sﾗｷデ"ﾐYIWゲゲ;ｷヴWﾏWﾐデ"a;ｷヴW" ﾉげﾗHﾃWデ"
Sげ┌ﾐW";ﾐ;ﾉ┞ゲW";┌デﾗﾏ;デｷゲYWく""

];" SYデWIデｷﾗﾐ" Wﾐ" デWﾏヮゲ" ヴYWﾉ" Sげ;ﾐﾗﾏ;ﾉｷWゲ" a;ｷデ" a;IW" <" SWゲ" ヮヴﾗHﾉYﾏ;デｷケ┌Wゲ" ゲデ;デｷゲデｷケ┌Wゲ"
ゲヮYIｷaｷケ┌Wゲ" ふE;ヴヴｷﾐｪデﾗﾐ" ;ﾐS" #ﾐSヴW┘ゲが" ヲヰヰヴぶ" デWﾉﾉWゲ" ケ┌W" ﾉ;" ヮヴｷゲW" Wﾐ" IﾗﾏヮデW" SWゲ" SYﾉ;ｷゲ" SW"
ﾐﾗデｷaｷI;デｷﾗﾐ" ふSﾗﾐデ" ﾉ;"ﾏﾗ┞WﾐﾐW" Wデ" ﾉ;" ┗;ヴｷ;ﾐIW" ｷﾐaﾉ┌WﾐIWﾐデ" ヴWゲヮWIデｷ┗WﾏWﾐデ" ﾉ;" ヴY;Iデｷ┗ｷデY" Wデ" ﾉ;"
ゲWﾐゲｷHｷﾉｷデY"SW"ﾉ;"SYデWIデｷﾗﾐぶ"Wデ"SWゲ"SﾗﾐﾐYWゲ";HWヴヴ;ﾐデWゲ"ふﾉ;"デヴ;ﾐゲﾏｷゲゲｷﾗﾐ"Wﾐ"デWﾏヮゲ"ヴYWﾉ" ﾉｷﾏｷデW"
ﾉWゲ"ヮﾗゲゲｷHｷﾉｷデYゲ"SW"IﾗﾐゲﾗﾉｷS;デｷﾗﾐ"SWゲ"SﾗﾐﾐYWゲぶが"ﾉ;"ﾏﾗSYﾉｷゲ;デｷﾗﾐ"SWゲ"aﾉ┌Iデ┌;デｷﾗﾐゲ"ﾗヴSｷﾐ;ｷヴWゲ"SW"
ﾉげｷﾐSｷI;デW┌ヴ"ふSYaｷﾐｷデｷﾗﾐ"S┌"ﾐｷ┗W;┌"SW"ヴYaYヴWﾐIWぶが" ﾉ;"SYデWヴﾏｷﾐ;デｷﾗﾐ"SWゲ"ゲW┌ｷﾉゲ"Sげ;ﾉWヴデWぐ"#┌"aｷﾉ"
SWゲ";ﾐﾐYWゲが"SW"ﾐﾗﾏHヴW┌┝"ﾗ┌デｷﾉゲ"SW"SYデWIデｷﾗﾐ"Sげ;ﾐﾗﾏ;ﾉｷWゲが"ﾉW"ヮﾉ┌ゲ"ゲﾗ┌┗Wﾐデ";S;ヮデYゲ"Sげ;┌デヴWゲ"
Sﾗﾏ;ｷﾐWゲ"ふデWﾉゲ"ケ┌W"ﾉげYIﾗﾐﾗﾏYデヴｷWが"ﾉ;"ﾏYデYﾗヴﾗﾉﾗｪｷW"ﾗ┌"ﾉW"IﾗﾐデヴﾚﾉW"SW"ﾉ;"ケ┌;ﾉｷデY"Wﾐ"ｷﾐS┌ゲデヴｷWぶが"
ﾗﾐデ"YデY"ヮヴﾗヮﾗゲYゲ"ヮﾗ┌ヴ"ヴYヮﾗﾐSヴW";┌┝"HWゲﾗｷﾐゲ"SW"ﾉ;"ゲ┌ヴ┗Wｷﾉﾉ;ﾐIW"ゲ┞ﾐSヴﾗﾏｷケ┌Wく""

#┌ﾃﾗ┌ヴSげｴ┌ｷ"ﾉげY┗Wﾐデ;ｷﾉ"SWゲ"ヮﾗゲゲｷHｷﾉｷデYゲ"Wゲデ"ﾉ;ヴｪW"IW"ケ┌ｷ"ヴWﾐS"ﾉW"Iｴﾗｷ┝"Sげ┌ﾐ";ﾉｪﾗヴｷデｴﾏW"Sげ;┌デ;ﾐデ"
ヮﾉ┌ゲ"IﾗﾏヮﾉW┝Wく";ﾐ"WaaWデが"Iｴ;I┌ﾐ"SげWﾐデヴW"W┌┝";"SWゲ";┗;ﾐデ;ｪWゲ"Wデ"SWゲ"ﾉｷﾏｷデWゲ"ケ┌げｷﾉ"Iﾗﾐ┗ｷWﾐデ"SW"
HｷWﾐ" Iﾗﾐﾐ;ｺデヴW" ヮﾗ┌ヴ" Iｴﾗｷゲｷヴ" ﾉW" ヮﾉ┌ゲ" ;S;ヮデY" ;┌┝" ゲヮYIｷaｷIｷデYゲ" S┌" ゲ┞ゲデXﾏW" Wデ" SWゲ" SﾗﾐﾐYWゲ"
IﾗﾐゲｷSYヴYWゲく"

ヲくヱ 1ﾉ;ゲゲｷaｷI;デｷﾗﾐ"SWゲ";ﾉｪﾗヴｷデｴﾏWゲ"

Nﾉ" ﾐげW┝ｷゲデW"ヮ;ゲ"SW" Iﾉ;ゲゲｷaｷI;デｷﾗﾐ" ヴWIﾗﾐﾐ┌W"SWゲ" ;ﾉｪﾗヴｷデｴﾏWゲ"Wﾏヮﾉﾗ┞Yゲ"S;ﾐゲ" ﾉW"Sﾗﾏ;ｷﾐW"SW" ﾉ;"
ゲ;ﾐデY" ヮ┌Hﾉｷケ┌W" ふ0┌IﾆWヴｷSｪW" Wデ" ;ﾉくが" ヲヰヰΒぶく" dﾗ┌ゲ" ヮヴYゲWﾐデWヴﾗﾐゲ" ﾉWゲ" ヮヴｷﾐIｷヮ;┌┝" ;ﾉｪﾗヴｷデｴﾏWゲ"
┌デｷﾉｷゲYゲ"Wﾐ"ゲ┌ヴ┗Wｷﾉﾉ;ﾐIW"YヮｷSYﾏｷﾗﾉﾗｪｷケ┌W"Wﾐ"IﾗﾐゲｷSYヴ;ﾐデ"Sげ┌ﾐW"ヮ;ヴデ"IW┌┝"ﾐげ┌デｷﾉｷゲ;ﾐデ"ケ┌W"SWゲ"
ｷﾐaﾗヴﾏ;デｷﾗﾐゲ"デWﾏヮﾗヴWﾉﾉWゲ"Wデ"Sげ;┌デヴW"ヮ;ヴデ"IW┌┝"ｷﾐデYｪヴ;ﾐデ"SWゲ"ｷﾐaﾗヴﾏ;デｷﾗﾐゲ"ｪYﾗｪヴ;ヮｴｷケ┌Wゲく";ﾐ"
WaaWデが" ゲWﾉﾗﾐ" ┌ﾐW" ヴW┗┌W"ﾏWﾐYW" Wﾐ" ヲヰヰΑが" ヶΓХ"SWゲ" ゲ┞ゲデXﾏWゲ"ヮヴﾗヮﾗゲYゲ" Yデ;ｷWﾐデ" H;ゲYゲ" ゲ┌ヴ" SWゲ"
;ﾉｪﾗヴｷデｴﾏWゲ" デWﾏヮﾗヴWﾉゲ" デ;ﾐSｷゲ" ケ┌W" ﾉW" ヴWゲデW" ┌デｷﾉｷゲ;ｷデ" SWゲ" ;ﾉｪﾗヴｷデｴﾏWゲ" ゲヮ;デｷ;┌┝" ﾗ┌" ゲヮ;デｷﾗど
デWﾏヮﾗヴWﾉゲ"ふ0┌IﾆWヴｷSｪWが"ヲヰヰΑぶく"

]Wゲ" ;ﾉｪﾗヴｷデｴﾏWゲ" SW" SYデWIデｷﾗﾐ" Sげ;ﾐﾗﾏ;ﾉｷWゲ" ゲﾗﾐデ" SYIヴｷデゲ" Wﾐ" YヮｷSYﾏｷﾗﾉﾗｪｷW" IﾗﾏﾏW" SWゲ"
;ﾉｪﾗヴｷデｴﾏWゲ"ケ┌ｷ"Y┗;ﾉ┌Wﾐデ"ヴYｪ┌ﾉｷXヴWﾏWﾐデ"ﾉげYI;ヴデ"WﾐデヴW"┌ﾐ"ヮｴYﾐﾗﾏXﾐW"SW"ゲ;ﾐデY"ﾗHゲWヴ┗Y"ふデ;┌┝が"
ﾐﾗﾏHヴWぶ" Wデ" IW" ケ┌ｷ" ゲWヴ;ｷデ" ;デデWﾐS┌が" Wﾐ" ゲW" H;ゲ;ﾐデ" ゲ┌ヴ" ﾉげW┝ヮYヴｷWﾐIW" ヮ;ゲゲYW" ふ0┌IﾆWヴｷSｪW" Wデ" ;ﾉくが"
ヲヰヰΒぶく"vﾗ┌ヴ"IW"a;ｷヴWが"デヴﾗｷゲ"Yデ;ヮWゲ"IﾉWaゲ";┌"ﾏｷﾐｷﾏ┌ﾏ"ゲﾗﾐデ"ﾐYIWゲゲ;ｷヴWゲ"ふEｷｪ┌ヴW"ヵぶぎ"

- ﾉげﾗHデWﾐデｷﾗﾐ"SW"ﾉ;"┗;ﾉW┌ヴ"ﾗHゲWヴ┗YWが"ヴWヮヴYゲWﾐデ;デｷ┗W"SW"ﾉげY┗XﾐWﾏWﾐデ"Yデ┌SｷY"き"

- ﾉW"I;ﾉI┌ﾉ"SW"ﾉ;"┗;ﾉW┌ヴ";デデWﾐS┌W"き"

- ﾉ;" ヴY;ﾉｷゲ;デｷﾗﾐ" Sげ┌ﾐ" デWゲデ" ヮWヴﾏWデデ;ﾐデ" SW" ゲ;┗ﾗｷヴ" ゲｷ" ﾉ;" ┗;ﾉW┌ヴ" ;Iデ┌WﾉﾉW" SY┗ｷW" ;ゲゲW┣" SW" ﾉ;"
┗;ﾉW┌ヴ";デデWﾐS┌W"ヮﾗ┌ヴ"SYIﾉWﾐIｴWヴ"┌ﾐW";ﾉWヴデWく"



1ｴ;ヮｷデヴW"ヱ"

ヴヶ"
"

Figure 5 : Structure générale des algorithmes de détection d’anomalies (Buckeridge et al., 2008). 

Les ellipses représentent les tâches qui doivent être réalisées et les rectangles représentent les méthodes 

qui permettent leur réalisation. Les méthodes primitives sont en jaune sombre, tandis que les méthodes 

complexes sont en jaune clair. 
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Figure 6 : Seuils d’alerte calculés pour les infections à Salmonella Gold Coast avec et sans les outliers 

(Farrington et al., 1996) 
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Figure 7 : Exemple de carte de contrôle appliquée aux résidus d’un modèle de Poisson ajusté sur une série 

obtenue par simulation 
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Figure 8 : Exemple de carte de contrôle CUSUM appliquée à la surveillance de la santé publique 

(Farrington et al., 1996) 

vﾉ┌ゲｷW┌ヴゲ"ゲ┞ゲデXﾏWゲ"SW"ゲ┌ヴ┗Wｷﾉﾉ;ﾐIW"H;ゲYゲ"ゲ┌ヴ"ﾉげ;ﾐ;ﾉ┞ゲW"SWゲ"ヴYゲｷS┌ゲ"Sげ┌ﾐ"ﾏﾗSXﾉW"SW"ヮヴYSｷIデｷﾗﾐ"
┗ｷ;"┌ﾐW"I;ヴデW"SW"IﾗﾐデヴﾚﾉW"1⁄}⁄c"ﾗﾐデ"YデY"ヮヴﾗヮﾗゲYゲ"ふcｷﾉﾉWヴ"Wデ";ﾉくが"ヲヰヰヴき"0ヴｷﾉﾉﾏ;ﾐ"Wデ";ﾉくが"ヲヰヰヵき"
0┌ヴヴ" Wデ" ;ﾉくが" ヲヰヰヶぶく" ]げ┌ゲ;ｪW" SW" IWゲ" I;ヴデWゲ" ;ﾏYﾉｷﾗヴW" ﾉWゲ" ヮWヴaﾗヴﾏ;ﾐIWゲ" SW" SYデWIデｷﾗﾐ" ヮﾗ┌ヴ" ﾉWゲ"
aﾗ┞Wヴゲ" ケ┌ｷ" S┌ヴWﾐデ" ヮﾉ┌ゲ" Sげ┌ﾐ" ﾃﾗ┌ヴ" ふS;ﾐゲ" ﾉW" I;ゲ" Sげ;ﾐ;ﾉ┞ゲW" SW" Iﾗﾏヮデ;ｪW" ケ┌ﾗデｷSｷWﾐぶく" 7Wゲ"
ﾏYデｴﾗSWゲ" H;ゲYWゲ" ゲ┌ヴ" ﾉWゲ" ゲﾗﾏﾏWゲ" I┌ﾏ┌ﾉYWゲ" ﾗﾐデ" ヮ;ヴ" ;ｷﾉﾉW┌ヴゲ" YデY" ヮヴﾗヮﾗゲYWゲ" ヮ;ヴ" ﾉW"
0ｷﾗデWヴヴﾗヴｷゲﾏ" ;ﾐS" ヮヴWヮ;ヴWSﾐWゲゲ" ;ﾐS" ヴWゲヮﾗﾐゲW" vヴﾗｪヴ;ﾏ"S┌" 171く" 1Wゲ"ﾏYデｴﾗSWゲが" SｷデWゲ" SW" ﾉ;"
a;ﾏｷﾉﾉWど1" ふ1ヱどcN]7が"1ヲどc;7N⁄cが"1ンど⁄]~y#ぶ" ゲげ;ヮヮﾉｷケ┌Wﾐデ"SｷヴWIデWﾏWﾐデ" ゲ┌ヴ" ﾉWゲ" ゲYヴｷWゲ"Hヴ┌デWゲ"
ﾃﾗ┌ヴﾐ;ﾉｷXヴWゲ"ふK┌デ┘;ｪﾐWヴ"Wデ";ﾉくが"ヲヰヰヵぶく"];"SｷゲデヴｷH┌デｷﾗﾐ"S┌"Iﾗﾏヮデ;ｪW";┌"デWﾏヮゲ"デ"Wゲデ"WゲデｷﾏYW"<"
ヮ;ヴデｷヴ" Sげ┌ﾐW" ヮYヴｷﾗSW" SW" ヴYaYヴWﾐIW" ｪﾉｷゲゲ;ﾐデW" SW" ゲWヮデ" ﾃﾗ┌ヴゲ" ケ┌ｷ" ヮヴYIXSW" ｷﾏﾏYSｷ;デWﾏWﾐデ" ﾉ;"
ﾐﾗ┌┗WﾉﾉW" ┗;ﾉW┌ヴが" ;aｷﾐ"SW"ヮヴWﾐSヴW"Wﾐ"IﾗﾏヮデW" ﾉWゲ"Y┗Wﾐデ┌WﾉﾉWゲ" aﾉ┌Iデ┌;デｷﾗﾐゲ"ｴWHSﾗﾏ;S;ｷヴWゲ"Wデ"
ゲげ;aaヴ;ﾐIｴｷヴ"SWゲ" aﾉ┌Iデ┌;デｷﾗﾐゲ"ゲ;ｷゲﾗﾐﾐｷXヴWゲく" ]Wゲ" デヴﾗｷゲ"ﾏYデｴﾗSWゲ"ヮヴﾗヮﾗゲYWゲ"ゲﾗﾐデ"SW"ゲWﾐゲｷHｷﾉｷデY"
Iヴﾗｷゲゲ;ﾐデW"ふWデ"SW"ゲヮYIｷaｷIｷデY"SYIヴﾗｷゲゲ;ﾐデWぶく"

]Wゲ" I;ヴデWゲ" SW" IﾗﾐデヴﾚﾉW" ;‡c#" ふ;┝ヮﾗﾐWﾐデｷ;ﾉ"‡WｷｪｴデWS"cﾗ┗ｷﾐｪ" #┗Wヴ;ｪWぶ" ゲW" H;ゲWﾐデ" ケ┌;ﾐデ" <"
WﾉﾉWゲ" ゲ┌ヴ" ┌ﾐ" ﾉｷゲゲ;ｪW" W┝ヮﾗﾐWﾐデｷWﾉく" ]Wゲ" ┗;ﾉW┌ヴゲ" ﾉｷゲゲYWゲ" ゲﾗﾐデ" Y┗;ﾉ┌YWゲ" S;ﾐゲ" SWゲ" I;ヴデWゲ" SW"
IﾗﾐデヴﾚﾉWゲ" Sﾗﾐデ" ﾉ;" ﾉｷﾏｷデW" ゲ┌ヮYヴｷW┌ヴW" ふ⁄1]ぶ" Wゲデ" SYaｷﾐｷW" ゲWﾉﾗﾐ"ふ0┌ヴﾆﾗﾏが" ヲヰヰンき" N┗;ﾐﾗ┗" Wデ" ;ﾉくが"
ヲヰヰンぶ"ぎ"



1ｴ;ヮｷデヴW"ヱ"

ヵヱ"
"

1)1( −−+= ttt SyS αα "" "
)2( α

α

−
××+=

n
skmUCL "

;┗WI"}デ" ﾉ;"┗;ﾉW┌ヴ"ﾉｷゲゲYW";┌"デWﾏヮゲ"デが"ﾐが"ﾏ"Wデ"ゲ"ヴWゲヮWIデｷ┗WﾏWﾐデ"ﾉ;"デ;ｷﾉﾉWが"ﾉ;"ﾏﾗ┞WﾐﾐW"Wデ"ﾉげYI;ヴデど
デ┞ヮW"SW"ﾉげYIｴ;ﾐデｷﾉﾉﾗﾐ"SW"ヴYaYヴWﾐIW"Wデ"ﾆ"┌ﾐW"Iﾗﾐゲデ;ﾐデW"aｷ┝YW"Wﾐ"aﾗﾐIデｷﾗﾐ"SW"ﾉ;"デ;ｷﾉﾉW"SW"ﾉげWaaWデ"
SげｷﾐデYヴZデ"ふ0┌ヴﾆﾗﾏが"ヲヰヰンぶく"];"Iﾗﾐゲデ;ﾐデW"ü"SYデWヴﾏｷﾐW"ﾉW"ヮﾗｷSゲ"ケ┌W"ﾉげﾗﾐ"ゲﾗ┌ｴ;ｷデW";aaWIデWヴ";┌┝"
SWヴﾐｷXヴWゲ"ﾏWゲ┌ヴWゲく"vﾉ┌ゲ"ﾉ;"┗;ﾉW┌ヴ"ü"Wゲデ"ｪヴ;ﾐSWが"ヮﾉ┌ゲ"ﾉ;"I;ヴデW"Wゲデ"ゲWﾐゲｷHﾉW";┌┝"SYヴｷ┗Wゲ"ゲ┌HｷデWゲが"
ヮﾉ┌ゲ"ﾉ;"┗;ﾉW┌ヴ"ü"Wゲデ"a;ｷHﾉWが"ヮﾉ┌ゲ"ﾉ;"I;ヴデW"Wゲデ"ゲWﾐゲｷHﾉW";┌┝"ヮWデｷデゲ"YI;ヴデゲ"ゲ┞ゲデYﾏ;デｷケ┌Wゲく"

1WデデW" ヮヴﾗIYS┌ヴW" ;" YデY" ;ヮヮﾉｷケ┌YW" <" SWゲ" ゲYヴｷWゲ" ヴWヮヴYゲWﾐデ;ﾐデ" ﾉW" ﾐﾗﾏHヴW" Sげ;Sﾏｷゲゲｷﾗﾐゲ" ;┌┝"
┌ヴｪWﾐIWゲ" ｪヴﾗ┌ヮYWゲ" ヮ;ヴ" ﾏﾗデｷa" SW" Iﾗﾐゲ┌ﾉデ;デｷﾗﾐ" ふ0┌ヴﾆﾗﾏが" ヲヰヰンぶく" ‡ｷﾉﾉｷ;ﾏゲﾗﾐ" ;" ケ┌;ﾐデ" <" ﾉ┌ｷ"
;ﾐ;ﾉ┞ゲY"ﾉWゲ"ヴYゲｷS┌ゲ"SW"ゲﾗﾐ"ﾏﾗSXﾉW"#yNc#";┗WI"Sｷ┗WヴゲWゲ"I;ヴデWゲ"SW"IﾗﾐデヴﾚﾉW"Sﾗﾐデ"┌ﾐW"I;ヴデW"SW"
IﾗﾐデヴﾚﾉW" ;‡c#" ふ;┗WI" ┌ﾐ" IﾗWaaｷIｷWﾐデ" SW" ﾉｷゲゲ;ｪW" SW" ヰがヲぶ" ふ‡ｷﾉﾉｷ;ﾏゲﾗﾐ" ;ﾐS" K┌Sゲﾗﾐが" ヱΓΓΓぶく" Nﾉ"
IﾗﾐIﾉ┌" ケ┌W" ﾉWゲ" I;ヴデWゲ" SW" IﾗﾐデヴﾚﾉW" ;‡c#" Yデ;ｷWﾐデ" ﾉWゲ" ﾏｷW┌┝" ;S;ヮデYWゲ" ヮﾗ┌ヴ" SYデWIデWヴ" ﾉWゲ"
;┌ｪﾏWﾐデ;デｷﾗﾐゲ"ｪヴ;S┌WﾉﾉWゲ"SW"ゲﾗﾐ"ゲｷｪﾐ;ﾉく"

]Wゲ" ヮ;ヴ;ﾏXデヴWゲ" SWゲ" I;ヴデWゲ" ふﾆが" ｴ" ヮﾗ┌ヴ" ﾉWゲ" I;ヴデWゲ" 1⁄}⁄c" Wデ" ﾆが" ü" ヮﾗ┌ヴ" ﾉWゲ" I;ヴデWゲ" ;‡c#ぶ"
SYデWヴﾏｷﾐWﾐデ" Wﾐ" ｪヴ;ﾐSW" ヮ;ヴデｷW" ﾉWゲ" ヮWヴaﾗヴﾏ;ﾐIWゲ" ふゲWﾐゲｷHｷﾉｷデYが" ヮヴYIﾗIｷデY" Wデ" ゲヮYIｷaｷIｷデYぶ" S┌"
ゲ┞ゲデXﾏWく" Nﾉゲ" ゲﾗﾐデ" ﾉW" ヮﾉ┌ゲ" ゲﾗ┌┗Wﾐデ" aｷ┝Yゲ" SW" ﾏ;ﾐｷXヴW" Wﾏヮｷヴｷケ┌W" Wﾐ" デWゲデ;ﾐデ" ヮﾉ┌ゲｷW┌ヴゲ"
IﾗﾏHｷﾐ;ｷゲﾗﾐゲ"SW"ヮ;ヴ;ﾏXデヴWゲ"ゲ┌ヴ"SWゲ"ﾃW┌┝"SW"SﾗﾐﾐYWゲ"ｴｷゲデﾗヴｷケ┌Wゲ"ﾗ┌"ゲｷﾏ┌ﾉYゲく""

ヲくヲくヵくヲ cYデｴﾗSWゲ"SWゲ"ﾉｷﾏｷデWゲ"ｴｷゲデﾗヴｷケ┌Wゲ"

];"ﾏYデｴﾗSW"SWゲ" ﾉｷﾏｷデWゲ"ｴｷゲデﾗヴｷケ┌Wゲ"Wゲデ"Wﾏヮﾉﾗ┞YW"ヮ;ヴ" ﾉW"171"ヮﾗ┌ヴ"ゲ┌ヴ┗WｷﾉﾉWヴ" ﾉげｷﾐIｷSWﾐIW"SWゲ"
ﾏ;ﾉ;SｷWゲ"WﾐSYﾏｷケ┌Wゲ";┌┝"=デ;デゲど⁄ﾐｷゲ"ふE;ヴヴｷﾐｪデﾗﾐ";ﾐS"#ﾐSヴW┘ゲが"ヲヰヰヴぶく"1ｴ;ケ┌W"ゲWﾏ;ｷﾐW"デ"SW"
ﾉげ;ﾐﾐYW";が"ﾉW"ﾐﾗﾏHヴW"SW"I;ゲ"ﾗHゲWヴ┗Yゲ"ﾉﾗヴゲ"SWゲ"ケ┌;デヴW"SWヴﾐｷXヴWゲ"ゲWﾏ;ｷﾐWゲ"ふc;がデぶ"Wゲデ"Y┗;ﾉ┌Y"ヮ;ヴ"
ヴ;ヮヮﾗヴデ" <" ┌ﾐW" ┗;ﾉW┌ヴ" ;デデWﾐS┌W" ふ taM , ぶ" IﾗヴヴWゲヮﾗﾐS;ﾐデ" <" ﾉ;" ﾏﾗ┞WﾐﾐW" ﾗHゲWヴ┗YW" ゲ┌ヴ" ┌ﾐ"

ｴｷゲデﾗヴｷケ┌W"ｪﾉｷゲゲ;ﾐデ"SW"ﾐ"┗;ﾉW┌ヴゲく"1Wゲ"ﾐ"┗;ﾉW┌ヴゲ"IﾗヴヴWゲヮﾗﾐSWﾐデ";┌┝"c;がデ"ﾗHゲWヴ┗Yゲ"ﾉWゲ"H";ﾐﾐYWゲ"
ヮヴYIYSWﾐデWゲが" S;ﾐゲ" ┌ﾐW" aWﾐZデヴW" SW" ﾉﾗﾐｪ┌W┌ヴ" ]く" ];" ﾉｷﾏｷデW" ｴｷゲデﾗヴｷケ┌W" ふ]Kぶ" Wゲデ" WﾉﾉWどﾏZﾏW"
I;ﾉI┌ﾉYW" <" ヮ;ヴデｷヴ" SW" ﾉ;" ﾏﾗ┞WﾐﾐW" Wデ" ﾉげYI;ヴデ" デ┞ヮW" I;ﾉI┌ﾉY" ゲ┌ヴ" IWデ" YIｴ;ﾐデｷﾉﾉﾗﾐ" SW" ┗;ﾉW┌ヴゲ"
ｴｷゲデﾗヴｷケ┌Wゲく"v;ヴ"W┝WﾏヮﾉW"ヮﾗ┌ヴ"HЭヵ"Wデ"]Эヱ"ぎ""

[ ]144544, )(...)(
15

1
−+−−+− ++++++×= atttatttta MMMMMMM

15

1
1,2/, +××±= tata szMLH α

];"ﾏYデｴﾗSW"Wゲデ"H;ゲYW"ゲ┌ヴ"┌ﾐ"ヮヴｷﾐIｷヮW"W┝デヴZﾏWﾏWﾐデ"ゲｷﾏヮﾉW"ﾏ;ｷゲ"ﾐYIWゲゲｷデW"┌ﾐ"ｴｷゲデﾗヴｷケ┌W"SW"
SﾗﾐﾐYWゲ"ﾉﾗﾐｪ"ふン"<"ヵ";ﾐゲぶく"

ヲくヲくヵくン cﾗSYﾉｷゲ;デｷﾗﾐ"ﾉｷﾐY;ｷヴW"ゲｷﾏヮﾉW"ﾗ┌"ｪYﾐYヴ;ﾉｷゲYW"

]Wゲ" aﾉ┌Iデ┌;デｷﾗﾐゲ"ｴｷゲデﾗヴｷケ┌Wゲ"Sげ┌ﾐ" ｷﾐSｷI;デW┌ヴ" ゲ┞ﾐSヴﾗﾏｷケ┌W"ヮW┌┗Wﾐデ" ZデヴW"ﾏﾗSYﾉｷゲYWゲ" <" ﾉげ;ｷSW"
Sげ┌ﾐ"ﾏﾗSXﾉW"ﾉｷﾐY;ｷヴW"ゲｷﾏヮﾉW"ﾗ┌"ｪYﾐYヴ;ﾉｷゲY"ふvﾗｷゲゲﾗﾐぶ"ゲ┌ヴ"┌ﾐW"ヮYヴｷﾗSW"ｴｷゲデﾗヴｷケ┌W"SYデWヴﾏｷﾐYWが"
aｷ┝W"ﾗ┌"ｪﾉｷゲゲ;ﾐデW"ふIaく"ヮ;ヴ;ｪヴ;ヮｴW"ヲくヲくヲぶく"

]げ┌ﾐ"SWゲ"ヮヴWﾏｷWヴゲ"ﾏﾗSXﾉWゲ"┌デｷﾉｷゲYゲ"S;ﾐゲ"ﾉW"I;SヴW"SW"ﾉ;"ゲ┌ヴ┗Wｷﾉﾉ;ﾐIW"YヮｷSYﾏｷﾗﾉﾗｪｷケ┌W"Wゲデ"IWﾉ┌ｷ"
SW"}Wヴaﾉｷﾐｪが"H;ゲY"ゲ┌ヴ"┌ﾐW" ヴYｪヴWゲゲｷﾗﾐ" ﾉｷﾐY;ｷヴW"ゲｷﾏヮﾉW" ｷﾐデYｪヴ;ﾐデ"┌ﾐW" デWﾐS;ﾐIW" ﾉｷﾐY;ｷヴW"Wデ"┌ﾐW"
aﾗﾐIデｷﾗﾐ" ゲｷﾐ┌ゲﾗｼS;ﾉW" ヮﾗ┌ヴ" ﾉ;" ヮYヴｷﾗSｷIｷデY" ふ}Wヴaﾉｷﾐｪが" ヱΓヶンぶく" ]げﾗHゲWヴ┗;デｷﾗﾐ" <" ﾉ;" S;デW" デ" Wゲデ"



1ｴ;ヮｷデヴW"ヱ"

ヵヲ"
"

IﾗﾐゲｷSYヴYW"IﾗﾏﾏW"┌ﾐW"┗;ヴｷ;HﾉW";ﾉY;デﾗｷヴW"ゲ┌ｷ┗;ﾐデ"┌ﾐW"ﾉﾗｷ"dﾗヴﾏ;ﾉWが"Sﾗﾐデ"ﾉげWゲヮYヴ;ﾐIW"ふ tµ ぶ"Wゲデ"

SﾗﾐﾐYW"ヮ;ヴ"ﾉげYケ┌;デｷﾗﾐ"ゲ┌ｷ┗;ﾐデW"ぎ"

),(~
2σµ tt NY " t)

P

2
sin(t)

P

2
cos( sincos

π
γ

π
γβαµ +++= tt "

yWｷゲ" Wデ" 0ヴｷﾉﾉﾏ;ﾐ" ﾗﾐデ" ヮ;ヴ" W┝WﾏヮﾉW" ┌デｷﾉｷゲY" IW" デ┞ヮW" SW"ﾏﾗSXﾉW" ヮﾗ┌ヴ"ﾏﾗSYﾉｷゲWヴ" ﾉW" ﾐﾗﾏHヴW" SW"
┗ｷゲｷデWゲ"ﾃﾗ┌ヴﾐ;ﾉｷXヴWゲ";┌┝"┌ヴｪWﾐIWゲ"ふyWｷゲ";ﾐS"c;ﾐSﾉが"ヲヰヰンき"0ヴｷﾉﾉﾏ;ﾐ"Wデ";ﾉくが"ヲヰヰヵぶく"

7;ﾐゲ"ﾉW"I;ゲ"ﾗ┍"ﾉW"ﾐﾗﾏHヴW"SげY┗XﾐWﾏWﾐデゲ"IﾗﾐゲｷSYヴYゲ"Wゲデ"a;ｷHﾉWが"ﾉ;"ヴYｪヴWゲゲｷﾗﾐ"SW"vﾗｷゲゲﾗﾐ"ヮW┌デ"
ZデヴW"ヮﾉ┌ゲ";S;ヮデYW"ぎ""

)(~ tt PoissonY µ " t)
P

2
sin(t)

P

2
cos()log( sincos

π
γ

π
γβαµ +++= tt "

7Wゲ" ﾏﾗSXﾉWゲ" SW" vﾗｷゲゲﾗﾐ" ﾗﾐデ" ;ｷﾐゲｷ" YデY" Wﾏヮﾉﾗ┞Yゲ" ヮﾗ┌ヴ" SWゲ" ゲ┞ゲデXﾏWゲ" SW" ゲ┌ヴ┗Wｷﾉﾉ;ﾐIW" S┌"
ﾐﾗﾏHヴW"SW"ﾏﾗヴデ;ﾉｷデYゲ";ゲゲﾗIｷYWゲ"<"SWゲ";┗ﾗヴデWﾏWﾐデゲ";┌┝"⁄}#"ふv;ヴﾆWヴが"ヱΓΒΓぶが"ﾗ┌"S┌"ﾐﾗﾏHヴW"SW"
ゲ┞ﾐSヴﾗﾏWゲ"ヴWゲヮｷヴ;デﾗｷヴWゲ"ﾗHゲWヴ┗Yゲ"S;ﾐゲ"┌ﾐ"ゲWヴ┗ｷIW"Sげ┌ヴｪWﾐIW"ふ0┌ヴヴ"Wデ";ﾉくが"ヲヰヰヶぶく"

7;ﾐゲ" ﾉWゲ" SW┌┝" I;ゲが" ﾉげ;ﾐ;ﾉ┞ゲW" ヮヴY;ﾉ;HﾉW" SW" ﾉ;" ゲYヴｷW" ｴｷゲデﾗヴｷケ┌W" ヮWヴﾏWデデヴ;" SげｷSWﾐデｷaｷWヴ" ﾉWゲ"
I;ヴ;IデYヴｷゲデｷケ┌Wゲ"SW"ﾉ;"デWﾐS;ﾐIW"Wデ"SW"ﾉ;"I┞IﾉｷIｷデY"SW"ﾉ;"ゲYヴｷW";aｷﾐ"SW"ﾉWゲ"ﾏﾗSYﾉｷゲWヴ"SW"ﾏ;ﾐｷXヴW"
;SYケ┌;デWく" v;ヴ" W┝WﾏヮﾉW" ﾉ;" デWﾐS;ﾐIW" ヮﾗ┌ヴヴ;" ZデヴW" ﾏﾗSYﾉｷゲYW" ヮ;ヴ" ┌ﾐW" aﾗﾐIデｷﾗﾐ" ﾉｷﾐY;ｷヴWが"
W┝ヮﾗﾐWﾐデｷWﾉﾉWが"┗ﾗｷヴW"SWゲ"ゲヮﾉｷﾐWゲぐ"];"ﾗ┌" ﾉWゲ"ヮYヴｷﾗSWゲ"ﾗHゲWヴ┗YWゲ"ヮﾗ┌ヴヴﾗﾐデ"ZデヴW"ケ┌;ﾐデ"<"WﾉﾉWゲ"
ﾏﾗSYﾉｷゲYWゲ"ヮ;ヴ"SWゲ"aﾗﾐIデｷﾗﾐゲ"ゲｷﾐ┌ゲﾗｼS;ﾉWゲ" ﾉﾗヴゲケ┌W"IWﾉﾉWゲどIｷ" ヴWヮヴYゲWﾐデWﾐデ"HｷWﾐ" ﾉWゲ"┗;ヴｷ;デｷﾗﾐゲ"
ﾐ;デ┌ヴWﾉﾉWゲが"ﾗ┌"ヮ;ヴ"SWゲ"a;IデW┌ヴゲ"SｷゲIヴWデゲ"S;ﾐゲ"ﾉW"I;ゲ"Iﾗﾐデヴ;ｷヴWく"v;ヴ"W┝WﾏヮﾉWが"0ヴｷﾉﾉﾏ;ﾐ";ﾃﾗ┌デW"┌ﾐ"
WaaWデ"た"ﾃﾗ┌ヴ"SW"ﾉ;"ゲWﾏ;ｷﾐW"だ"<"ゲﾗﾐ"ﾏﾗSXﾉW"ヮﾗ┌ヴ"I;ヮデ┌ヴWヴ"ﾉWゲ"aﾉ┌Iデ┌;デｷﾗﾐゲ"ｴWHSﾗﾏ;S;ｷヴWゲ"ﾉｷYWゲ"
;┌"aﾗﾐIデｷﾗﾐﾐWﾏWﾐデ"S┌"ゲWヴ┗ｷIW"SW"ゲﾗｷﾐゲ"ぎ"

  ]I[ t)
P

2
sin(t)

P

2
cos( ti,

7

1i

isincos Â
=

++++= δ
π

γ
π

γβαµ tt

"

ﾗ┍"  ]I[ ti,

7

1i

iÂ
=

δ "I;ヮデ┌ヴW"ﾉWゲ"WaaWデゲ"ﾃﾗ┌ヴゲ"SW"ﾉ;"ゲWﾏ;ｷﾐWく"Nｷがデ"Wゲデ"Yｪ;ﾉ"<"ヱ"ケ┌;ﾐS"ﾉW"ﾃﾗ┌ヴ"デ"Wゲデ"ﾉW"ｷ
XﾏW"

SW"ﾉ;"ゲWﾏ;ｷﾐW"Wデ"Yｪ;ﾉ"<"ヰ"ゲｷﾐﾗﾐく"];"ゲﾗﾏﾏW"SWゲ"ゲWヮデ"IﾗWaaｷIｷWﾐデゲ"~ｷ"Wゲデ"Yｪ;ﾉW"<"┣Yヴﾗく"

⁄ﾐW"aﾗｷゲ"ﾉWゲ"ﾏﾗSXﾉWゲ";ﾃ┌ゲデYゲ"ゲ┌ヴ"ﾉ;"ヮYヴｷﾗSW"SW"ヴYaYヴWﾐIWが"IW┌┝どIｷ"ゲﾗﾐデ"┌デｷﾉｷゲYゲ"ヮﾗ┌ヴ"Yデ;Hﾉｷヴ"SWゲ"
ヮヴYSｷIデｷﾗﾐゲ"ゲ┌ヴ"ﾉ;"ヮYヴｷﾗSW"SW"ゲ┌ヴ┗Wｷﾉﾉ;ﾐIWく"]Wゲ"┗;ﾉW┌ヴゲ"ﾗHゲWヴ┗YWゲ"ヮWﾐS;ﾐデ"IWデデW"ヮYヴｷﾗSW"ゲﾗﾐデ"
Iﾗﾏヮ;ヴYWゲ";┌┝"ｷﾐデWヴ┗;ﾉﾉWゲ"SW"ヮヴYSｷIデｷﾗﾐゲ"aﾗ┌ヴﾐｷゲ"ヮ;ヴ"ﾉW"ﾏﾗSXﾉWく"7Wゲ";ﾉWヴデWゲ"ゲﾗﾐデ"SYIﾉWﾐIｴYWゲ"
ﾉﾗヴゲケ┌W" ﾉWゲ" ┗;ﾉW┌ヴゲ" ﾗHゲWヴ┗YWゲ" SYヮ;ゲゲWﾐデ" ﾉ;" HﾗヴﾐW" ゲ┌ヮYヴｷW┌ヴW" SW" ﾉげｷﾐデWヴ┗;ﾉﾉW" SW" ヮヴYSｷIデｷﾗﾐ"
WゲデｷﾏY" ヮ;ヴ" ﾉW" ﾏﾗSXﾉWく" ]W" ヴｷゲケ┌W" SげWヴヴW┌ヴ" ケ┌ｷ" SYデWヴﾏｷﾐW" ﾉげｷﾐデWヴ┗;ﾉﾉW" SW" ヮヴYSｷIデｷﾗﾐ" Wゲデ" ┌ﾐ"
ヮ;ヴ;ﾏXデヴW"<"aｷ┝Wヴ"ゲWﾉﾗﾐ"ﾉWゲ"ヮWヴaﾗヴﾏ;ﾐIWゲ";デデWﾐS┌Wゲ"S┌"ゲ┞ゲデXﾏWく"

ヲくヲくヵくヴ cYデｴﾗSW"SW"E;ヴヴｷﾐｪデﾗﾐ"

];" ﾏYデｴﾗSW" SW" E;ヴヴｷﾐｪデﾗﾐ" Wゲデ" Wﾏヮﾉﾗ┞YW" ;┌" ゲWｷﾐ" S┌" 1ﾗﾏﾏ┌ﾐｷI;HﾉW" 7ｷゲW;ゲW" }┌ヴ┗Wｷﾉﾉ;ﾐIW"
1WﾐデヴW"ふ1}71ぶ"S;ﾐゲ"ﾉW"ゲ┌ｷ┗ｷ"SWゲ"ﾏ;ﾉ;SｷWゲ"ｷﾐaWIデｷW┌ゲWゲ"WﾐSYﾏｷケ┌Wゲく"0;ゲYW"ゲ┌ヴ"┌ﾐ"ﾏﾗSXﾉW"SW"
vﾗｷゲゲﾗﾐ";┗WI"ゲ┌ヴSｷゲヮWヴゲｷﾗﾐが"IWデデW"ﾏYデｴﾗSW"ヮヴWﾐS"Wﾐ"IﾗﾏヮデW"ﾉ;"ゲ;ｷゲﾗﾐﾐ;ﾉｷデY"Wデ"ﾉ;"デWﾐS;ﾐIW"ゲｷ"
WﾉﾉW"W┝ｷゲデW"Wデ"ｪXヴW"ﾉげW┝ｷゲデWﾐIW"SW"ヮﾗｷﾐデゲ";デ┞ヮｷケ┌Wゲ"S;ﾐゲ"ﾉげｴｷゲデﾗヴｷケ┌W"ふE;ヴヴｷﾐｪデﾗﾐ"Wデ";ﾉくが"ヱΓΓヶぶく""

];"ヮヴﾗIYS┌ヴW"Wゲデ"ﾉ;"ゲ┌ｷ┗;ﾐデW"ぎ""

- #ﾃ┌ゲデWﾏWﾐデ"Sげ┌ﾐ"ﾏﾗSXﾉW"SW"vﾗｷゲゲﾗﾐ";┗WI"ゲ┌ヴSｷゲヮWヴゲｷﾗﾐ""

- yWヮﾗﾐSYヴ;デｷﾗﾐ"SWゲ"ﾗHゲWヴ┗;デｷﾗﾐゲ"ゲWﾉﾗﾐ"ﾉW┌ヴ"YI;ヴデ"<"ﾉ;"┗;ﾉW┌ヴ";ﾃ┌ゲデYW"



1ｴ;ヮｷデヴW"ヱ"

ヵン"
"

- yYど;ﾃ┌ゲデWﾏWﾐデ"S┌"ﾏﾗSXﾉW"ゲ┌ヴ"ﾉWゲ"SﾗﾐﾐYWゲ"ヮﾗﾐSYヴYWゲ"

- yYどY┗;ﾉ┌;デｷﾗﾐ"SW"ﾉ;"ゲ┌ヴSｷゲヮWヴゲｷﾗﾐ""

- }┌ヮヮヴWゲゲｷﾗﾐ"SW"ﾉ;"デWﾐS;ﾐIW"ゲｷ"ﾐﾗﾐ"ゲｷｪﾐｷaｷI;デｷ┗W"

- 1;ﾉI┌ﾉ"SW"ﾉ;"┗;ﾉW┌ヴ"ゲW┌ｷﾉ"

- 1;ﾉI┌ﾉ"Sげ┌ﾐ"ゲIﾗヴW"SW"ｪヴ;┗ｷデY"

]W"ﾏﾗSXﾉW"ゲげYIヴｷデ"ぎ"

tt ×+= βαµ )log( " " ttYE µ=)( " " ttYV φµ=)( "

]W"ヮ;ヴ;ﾏXデヴW"SW"SｷゲヮWヴゲｷﾗﾐ"Wゲデ"WゲデｷﾏY"ヮ;ヴ"ぎ"

ÝÜ
Û

ÌË
Ê −

−
= Â

=

n

t t

tt
t

y

pn 1

2

1,
ˆ

)ˆ(1
maxˆ

µ

µ
ωφ

"

#┗WI"ヮЭヱ"ﾗ┌"ヲ"ゲWﾉﾗﾐ"ゲｷ"┌ﾐW"デWﾐS;ﾐIW"Wゲデ"WaaWIデｷ┗WﾏWﾐデ";ﾃ┌ゲデYW"ﾗ┌"ﾐﾗﾐ"

tω "Wゲデ"ﾉW"IﾗWaaｷIｷWﾐデ"SW"ヮﾗﾐSYヴ;デｷﾗﾐ"SYaｷﾐｷ"IｷどSWゲゲﾗ┌ゲく"

];" ヮヴﾗIYS┌ヴW" SW" ヴWどヮﾗﾐSYヴ;デｷﾗﾐ" Wゲデ" ﾏｷゲW" Wﾐ" ヮﾉ;IW" ヮﾗ┌ヴ" Sｷﾏｷﾐ┌Wヴ" ;┌デﾗﾏ;デｷケ┌WﾏWﾐデ"
ﾉげｷﾐaﾉ┌WﾐIW"SWゲ"aﾗ┞Wヴゲ"ヮ;ゲゲYゲく"}ﾗｷデ" tµ̂ ﾉげWゲデｷﾏ;デｷﾗﾐ"ｷﾐｷデｷ;ﾉW"<"デ"Wデ"φ "ﾉW"ヮ;ヴ;ﾏXデヴW"SW"SｷゲヮWヴゲｷﾗﾐ"

ﾗHデWﾐ┌";┗WI" 1=tω く"]Wゲ"ヴYゲｷS┌ゲ"ゲデ;ﾐS;ヴSｷゲYゲ"SWゲ"┗;ﾉW┌ヴゲ"SW"ヴYaYヴWﾐIW"ゲﾗﾐデ"SYaｷﾐｷゲ"ヮ;ヴ"ぎ"

)1(ˆ

ˆ

ˆ2

3
6/1

3/23/2

ttt

tt
t

h

y
s

−

−
=

µ

µ

φ
"

]Wゲ" ┗;ﾉW┌ヴゲ" SW" ヴYaYヴWﾐIW" Sﾗﾐデ" ﾉWゲ" ゲデ" ゲﾗﾐデ" ゲ┌ヮYヴｷW┌ヴゲ" <" ヱ" ゲﾗﾐデ" ヮﾗﾐSYヴYWゲ" ;┗WI" ┌ﾐ" ヮﾗｷSゲ"
2−×= tt sγω "Wデ"γ "ゲｷﾐﾗﾐく""

1WデデW" aﾗﾐIデｷﾗﾐ"SW"ヮﾗﾐSYヴ;デｷﾗﾐ";"YデY"IｴﾗｷゲｷW"ヮ;ヴ"E;ヴヴｷﾐｪデﾗﾐ"ゲ┌ヴ"SWゲ"H;ゲWゲ"Wﾏヮｷヴｷケ┌Wゲが"ヮﾗ┌ヴ"
SﾗﾐﾐWヴ"┌ﾐ"ヮﾗｷSゲ"ﾏﾗｷﾐSヴW";┌┝"┗;ﾉW┌ヴゲ";┗WI"Sげｷﾏヮﾗヴデ;ﾐデゲ"ヴYゲｷS┌ゲく"]W"ﾏﾗSXﾉW"SW"E;ヴヴｷﾐｪデﾗﾐ";"
SYﾃ<" YデY" ;ヮヮﾉｷケ┌Y" <" ﾉ;"ﾏﾗヴデ;ﾉｷデY" ｴ┌ﾏ;ｷﾐW" S;ﾐゲ" ┌ﾐW" ヮWヴゲヮWIデｷ┗W" Sげ;ﾉWヴデW" ヮヴYIﾗIW" ふ1;ゲWヴｷﾗど
}IｴﾜﾐWﾏ;ﾐﾐ"Wデ";ﾉくが"ヲヰヰヵぶく"

ヲくヲくヵくヵ cﾗSXﾉWゲ"SW"ゲYヴｷWゲ"デWﾏヮﾗヴWﾉﾉWゲ"

]Wゲ" ﾏﾗSXﾉWゲ" SW" デ┞ヮW" ;┌デﾗヴWｪヴWゲゲｷ┗W" ﾏﾗ┗ｷﾐｪ" ;┗Wヴ;ｪW" ふ#yNc#ぶ" Wデ" ゲW;ゲﾗﾐ;ﾉ" ;┌デﾗヴWｪヴWゲゲｷ┗W"
ﾏﾗ┗ｷﾐｪ";┗Wヴ;ｪW" ふ}#yNc#ぶ"ヮWヴﾏWデデWﾐデ"SW"ヮヴWﾐSヴW"Wﾐ"IﾗﾏヮデW" ﾉげ;┌デﾗIﾗヴヴYﾉ;デｷﾗﾐ"SWゲ" ヴYゲｷS┌ゲ"
Sげ┌ﾐW"ゲYヴｷW"デWﾏヮﾗヴWﾉﾉW"Wデ"Sげ;ﾏYﾉｷﾗヴWヴ"ﾉW"ﾏﾗSXﾉW"ｷﾐｷデｷ;ﾉ"Wﾐ";┌デﾗヴｷゲ;ﾐデ"ﾉげｷﾐIﾉ┌ゲｷﾗﾐ"SW"┗;ヴｷ;デｷﾗﾐゲ"
ﾉﾗI;ﾉWゲ" S;ﾐゲ" ﾉ;" ﾏYデｴﾗSW" SW" ヮヴY┗ｷゲｷﾗﾐく" ]げYデ┌SW" SWゲ" aﾗﾐIデｷﾗﾐゲ" Sげ;┌デﾗIﾗヴヴYﾉ;デｷﾗﾐ" ふ#1Eぶが" ケ┌ｷ"
I;ヴ;IデYヴｷゲW"ﾉげW┝ｷゲデWﾐIW"SW"ﾉｷ;ｷゲﾗﾐゲ"デWﾏヮﾗヴWﾉﾉWゲ"WﾐデヴW"SW┌┝"YﾉYﾏWﾐデゲ"SYI;ﾉYゲ"Sげ┌ﾐ"デWﾏヮゲ"ﾆ"Wデ"
IWﾉﾉW" SWゲ" aﾗﾐIデｷﾗﾐゲ" Sげ;┌デﾗIﾗヴヴYﾉ;デｷﾗﾐ" ヮ;ヴデｷWﾉﾉWゲ" ふv#1Eぶが" ケ┌ｷ" Wゲデ" ｷSWﾐデｷケ┌W" <" ﾉげ#1E" ﾏ;ｷゲ" Wﾐ"
Yﾉｷﾏｷﾐ;ﾐデ" ﾉげWaaWデ" SWゲ" ﾉｷ;ｷゲﾗﾐゲ" W┝ｷゲデ;ﾐデ" ;┌" ゲWｷﾐ" SWゲ" ┗;ﾉW┌ヴゲ" SWゲ" デWﾏヮゲ" ｷﾐデWヴﾏYSｷ;ｷヴWゲが"
ヮWヴﾏWデデWﾐデ" SげｷSWﾐデｷaｷWヴ" ﾉWゲ" ﾉｷ;ｷゲﾗﾐゲ" W┝ｷゲデ;ﾐデWゲ" Wデ" SW" IﾗﾐIﾉ┌ヴW" ゲｷ" ﾉ;" ゲYヴｷW" ヴYゲｷS┌WﾉﾉW" Wゲデ"
ﾏﾗSYﾉｷゲ;HﾉW"ヮ;ヴ"┌ﾐ"ヮヴﾗIWゲゲ┌ゲ"ﾏﾗ┞WﾐﾐW"ﾏﾗHｷﾉW"ふ#yぶ"ﾗ┌";┌デﾗどヴYｪヴWゲゲｷaゲ"ふc#ぶ"ふcYﾉ;ヴSが"ヲヰヰΒぶく"

‡;ﾐｪ"Wデ";ﾉく"ﾗﾐデ"Iﾗﾐゲデヴ┌ｷデ"┌ﾐ"ﾏﾗSXﾉW";┌デﾗヴYｪヴWゲゲｷa"ヮYヴｷﾗSｷケ┌W"SYIヴｷ┗;ﾐデ"ﾉW"ﾐｷ┗W;┌"SW"H;ゲW"S┌"
ﾐﾗﾏHヴW"SW"ヮ;デｷWﾐデゲ"┗ｷゲｷデ;ﾐデ" ﾉWゲ"┌ヴｪWﾐIWゲ" ふ‡;ﾐｪ"Wデ";ﾉくが"ヲヰヰヵぶく" Nﾉゲ" IﾗﾐIﾉ┌Wﾐデ"ケ┌W"IW" デ┞ヮW"SW"
ﾏﾗSXﾉW" aﾗ┌ヴﾐｷデ" ┌ﾐW" Wゲデｷﾏ;デｷﾗﾐ" ヮﾉ┌ゲ" ヴﾗH┌ゲデW" S┌" ﾐｷ┗W;┌" SW" H;ゲW" ケ┌げ┌ﾐ" ﾏﾗSXﾉW" #yNc#" ﾗ┌"
}#yNc#" Wデ" ケ┌W" ゲﾗﾐ" ;HﾗヴS" Wゲデ" ヮﾉ┌ゲ" ゲｷﾏヮﾉW" ヮ┌ｷゲケ┌W" ;┌I┌ﾐW" デヴ;ﾐゲaﾗヴﾏ;デｷﾗﾐ" SW" ﾉげｴｷゲデﾗヴｷケ┌W"



1ｴ;ヮｷデヴW"ヱ"

ヵヴ"
"

ﾐげWゲデ"ﾐYIWゲゲ;ｷヴW"ヮﾗ┌ヴ"Wﾐ" ヴWデｷヴWヴ" ﾉWゲ"Iﾗﾏヮﾗゲ;ﾐデWゲ"ヮYヴｷﾗSｷケ┌Wゲく"cｷﾉﾉWヴ"Wデ";ﾉく"ﾗﾐデ"ﾏﾗSYﾉｷゲY" ﾉW"
ﾐﾗﾏHヴW" SW" ゲ┞ﾐSヴﾗﾏWゲ" ｪヴｷヮヮ;┌┝" ゲ┌ヴ" ┌ﾐW" ヮYヴｷﾗSW" SW" ヴYaYヴWﾐIW" SW" デヴﾗｷゲ" ;ﾐゲ" <" ヮ;ヴデｷヴ" SWゲ"
SﾗﾐﾐYWゲ"Sげ┌ﾐ"ヴYゲW;┌"SW"ゲﾗｷﾐゲ";ﾏH┌ﾉ;ﾐデゲ"ふcｷﾉﾉWヴ"Wデ";ﾉくが"ヲヰヰヴぶく"]W"ﾏﾗSXﾉW"ｷﾐデXｪヴW"ﾉげWaaWデ"ﾃﾗ┌ヴ"
SW" ﾉ;"ゲWﾏ;ｷﾐWが"┌ﾐW"Iﾗﾏヮﾗゲ;ﾐデW"ゲ;ｷゲﾗﾐﾐｷXヴW"ふaﾗﾐIデｷﾗﾐゲ"ゲｷﾐ┌ゲ"っ"Iﾗゲｷﾐ┌ゲぶ"Wデ" ｷﾐIﾉ┌デ"Wﾐ"ゲ┌ゲ"┌ﾐW"
Iﾗﾏヮﾗゲ;ﾐデW";┌デﾗヴYｪヴWゲゲｷ┗Wく"

ヲくヲくヵくヶ vヴYSｷIデｷﾗﾐ"ヮ;ヴ"ﾉｷゲゲ;ｪW"W┝ヮﾗﾐWﾐデｷWﾉ" "

]Wゲ"デWIｴﾐｷケ┌Wゲ"SW"ﾉｷゲゲ;ｪW"W┝ヮﾗﾐWﾐデｷWﾉ"ヮW┌┗Wﾐデ"ZデヴW"┌デｷﾉｷゲYWゲ"ヮﾗ┌ヴ"I;ﾉI┌ﾉWヴ"┌ﾐW"ゲデ;デｷゲデｷケ┌W"SW"
SYデWIデｷﾗﾐ" S;ﾐゲ" SWゲ" I;ヴデWゲ" SW" IﾗﾐデヴﾚﾉW" ふIaく" ヲくヲくヵくヱぶ" ﾗ┌" ｪYﾐYヴWヴ" SWゲ" ヮヴYSｷIデｷﾗﾐゲく" ]W" ﾉｷゲゲ;ｪW"
W┝ヮﾗﾐWﾐデｷWﾉ" ヮWヴﾏWデ" SW" I;ﾉI┌ﾉWヴ" ┌ﾐW" ヮヴY┗ｷゲｷﾗﾐ" a;ｷデW" ;┌" デWﾏヮゲ" デ" ヮﾗ┌ヴ" ﾉW" デWﾏヮゲ" デЩｴが"
ﾐﾗデYW )(ˆ hyt が"Wﾐ"ヮヴWﾐ;ﾐデ"Wﾐ"IﾗﾏヮデW"デﾗ┌デW"ﾉろｴｷゲデﾗｷヴW"SW"ﾉ;"Iｴヴﾗﾐｷケ┌W"Wデ"Wﾐ"Sﾗﾐﾐ;ﾐデ"┌ﾐ"ｪヴ;ﾐS"

ヮﾗｷSゲ";┌┝"ﾗHゲWヴ┗;デｷﾗﾐゲ"ﾉWゲ"ヮﾉ┌ゲ"ヴYIWﾐデWゲ"Wデ"ﾏﾗｷﾐゲ"SW"ヮﾗｷSゲ";┌┝"ﾗHゲWヴ┗;デｷﾗﾐゲ"ヮﾉ┌ゲ";ﾐIｷWﾐﾐWゲ"
ふcYﾉ;ヴSが"ヲヰヰΒぶく"7;ﾐゲ"ﾉW"ﾉｷゲゲ;ｪW"W┝ヮﾗﾐWﾐデｷWﾉ"ゲｷﾏヮﾉWが"ﾉ;"ヮヴY┗ｷゲｷﾗﾐ"ﾐW"SYヮWﾐS"ヮ;ゲ"SW"ﾉろｴﾗヴｷ┣ﾗﾐ"ｴ"
SW"ヮヴY┗ｷゲｷﾗﾐ"ぎ""

ttt Lyhy == )1(ˆ)(ˆ "

;ﾉﾉW"ゲげYIヴｷデ"ぎ"

1)1( −−+= ttt LyL αα " " ...)1()1( 2

2

1 +−+−+= −− tttt yyyL ααααα "

ü"Wゲデ"ﾉ;"Iﾗﾐゲデ;ﾐデW"SW"ﾉｷゲゲ;ｪWく"vﾉ┌ゲ"ゲ;"┗;ﾉW┌ヴ"Wゲデ"┗ﾗｷゲｷﾐW"SW"ヱが"ヮﾉ┌ゲ"ﾉろｷﾐaﾉ┌WﾐIW"SWゲ"ﾗHゲWヴ┗;デｷﾗﾐゲ"
YﾉﾗｷｪﾐYWゲ"S;ﾐゲ" ﾉW"デWﾏヮゲ"Wゲデ"ｪヴ;ﾐSWく"];"SYIヴﾗｷゲゲ;ﾐIW"SW" ﾉろｷﾐaﾉ┌WﾐIW"Wゲデ"SW"デ┞ヮW"W┝ヮﾗﾐWﾐデｷWﾉ"
ふSげﾗ┍"ﾉW"ﾐﾗﾏ"SW"ﾉ;"ﾏYデｴﾗSWぶく"];"┗;ヴｷ;ﾐIW"SW"]デ"Wゲデ"ぎ""

yL σ
α

α
σ )

2
(

−
= "

]W"ﾉｷゲゲ;ｪW"W┝ヮﾗﾐWﾐデｷWﾉ"ゲｷﾏヮﾉW"ﾐげWゲデ"ヮ;ゲ";S;ヮデY";┌┝"ゲYヴｷWゲ"ケ┌ｷ"ﾏﾗﾐデヴWﾐデ"┌ﾐW"デWﾐS;ﾐIW"ﾗ┌"SW"
ﾉ;" ゲ;ｷゲﾗﾐﾐ;ﾉｷデY" ﾏ;ｷゲ" ヮW┌デ" ZデヴW" ;ヮヮﾉｷケ┌Y" ;┌┝" ヴYゲｷS┌ゲ" Sげ┌ﾐ" ﾏﾗSXﾉW" SW" ヴYｪヴWゲゲｷﾗﾐく" Nﾉ" Wゲデ"
デﾗ┌デWaﾗｷゲ"ヮﾗゲゲｷHﾉW"SW"ｪYﾐYヴ;ﾉｷゲWヴ" ﾉW" ﾉｷゲゲ;ｪW"W┝ヮﾗﾐWﾐデｷWﾉ"<"SWゲ"ゲYヴｷWゲ" デWﾏヮﾗヴWﾉﾉWゲ"IﾗﾏヮﾉW┝Wゲ"
Wﾐ";ヮヮﾉｷケ┌;ﾐデ"ﾉ;"ﾏYデｴﾗSW"SW"Kﾗﾉデど‡ｷﾐデWヴゲく"];"ﾏYデｴﾗSW"SW"Kﾗﾉデど‡ｷﾐデWヴゲ"ふﾉｷゲゲ;ｪW"W┝ヮﾗﾐWﾐデｷWﾉ"
デヴｷヮﾉWぶ" Wゲデ" ┌デｷﾉｷゲYW" ヮヴｷﾐIｷヮ;ﾉWﾏWﾐデ" Wﾐ" YIﾗﾐﾗﾏｷW" Wデ" ゲﾗﾐ" ┌ゲ;ｪW" Wﾐ" YヮｷSYﾏｷﾗﾉﾗｪｷW" Wゲデ" WﾐIﾗヴW"
デヴXゲ" ﾉｷﾏｷデYく" ;ﾐ" ヮﾉ┌ゲ" S┌" ﾐｷ┗W;┌" ]デ" ふヮﾗ┌ヴ" ]W┗Wﾉぶが" ﾉ;" ﾏYデｴﾗSW" ｷﾐIﾉ┌デ" SW┌┝" デWヴﾏWゲ" ヴYI┌ヴゲｷaゲ"
;SSｷデｷﾗﾐﾐWﾉゲく" 1Wゲ" デWヴﾏWゲ" ヮW┌┗Wﾐデ" ZデヴW" ;ゲゲﾗIｷYゲ" SW" ﾏ;ﾐｷXヴW" ;SSｷデｷ┗Wが" ﾗ┌" ﾏ┌ﾉデｷヮﾉｷI;デｷ┗Wが"
IﾗﾏﾏW"IげWゲデ"ﾉW"I;ゲ"S;ﾐゲ"ﾉげYデ┌SW"SW"ふ0┌ヴﾆﾗﾏが"ヲヰヰンぶ"



1ｴ;ヮｷデヴW"ヱ"

ヵヵ"
"

ヲくン #ヮヮヴﾗIｴWゲ"ゲヮ;デｷ;ﾉWゲ""

];"ヮﾉ┌ヮ;ヴデ"SWゲ"7}}"ヴWIｴWヴIｴ;ﾐデ"SWゲ"ヴWｪヴﾗ┌ヮWﾏWﾐデゲ"ｪYﾗｪヴ;ヮｴｷケ┌Wゲ"SW"I;ゲ"ふ;ｪヴYｪ;デゲ"ゲヮ;デｷ;┌┝ぶ"
ゲW"H;ゲWﾐデ"ゲ┌ヴ"SWゲ"デWゲデゲ"S┌"ゲI;ﾐ"ふた"ゲI;ﾐ"ゲデ;デｷゲデｷIゲ"だぶ"SY┗WﾉﾗヮヮYゲ"ヮ;ヴ"ふ[┌ﾉﾉSﾗヴaaが"ヱΓΓΑぶく""

ヲくンくヱ vヴｷﾐIｷヮW"ｪYﾐYヴ;ﾉ"

]ろｴ┞ヮﾗデｴXゲW"ﾐ┌ﾉﾉW" ふKヰぶ" デヴ;S┌ｷデ" ﾉW" a;ｷデ"ケ┌W" ﾉWゲ"I;ゲ"ゲﾗﾐデ"ヴYヮ;ヴデｷゲ"SW"a;Nﾗﾐ"ｴﾗﾏﾗｪXﾐW"ヮ;ヴﾏｷ" ﾉ;"
ヮﾗヮ┌ﾉ;デｷﾗﾐ" <" ヴｷゲケ┌W" S┌" Sﾗﾏ;ｷﾐW" SろYデ┌SW" ふ;HゲWﾐIW" Sげ;ｪヴYｪ;デぶく" ]ろｴ┞ヮﾗデｴXゲW" ;ﾉデWヴﾐ;デｷ┗W" ふKヱぶ"
デヴ;S┌ｷデ" ;┌" Iﾗﾐデヴ;ｷヴW" ﾉW" a;ｷデ"ケ┌W" ﾉWゲ" I;ゲ"ﾐW" ゲﾗﾐデ"ヮ;ゲ" ヴYヮ;ヴデｷゲ" SW"ﾏ;ﾐｷXヴW"ｴﾗﾏﾗｪXﾐW"S;ﾐゲ" ﾉW"
Sﾗﾏ;ｷﾐW"SげYデ┌SW"ﾏ;ｷゲ"ケ┌げｷﾉ"W┝ｷゲデW";┌"ﾏﾗｷﾐゲ"┌ﾐW"┣ﾗﾐW"IｷヴI┌ﾉ;ｷヴW"ふ┌ﾐ";ｪヴYｪ;デぶ"ﾗ┍"ﾉW"ﾐﾗﾏHヴW"SW"
I;ゲ" Wゲデ" ゲ┌ヮYヴｷW┌ヴ" ;┌" ヴWゲデW" S┌" Sﾗﾏ;ｷﾐW" SげYデ┌SWく"jﾐ" ﾐﾗデW" ヮ" ﾉ;" ヮヴﾗH;HｷﾉｷデY" ヮﾗ┌ヴ" ┌ﾐ" ヮﾗｷﾐデ" <"
ﾉろｷﾐデYヴｷW┌ヴ"SW"ﾉ;"┣ﾗﾐW"IｷヴI┌ﾉ;ｷヴW"́"SろZデヴW"┌ﾐ"I;ゲ"Wデ"ケ"ﾉ;"ヮヴﾗH;HｷﾉｷデY"ヮﾗ┌ヴ"┌ﾐ"ヮﾗｷﾐデ"<"ﾉろW┝デYヴｷW┌ヴ"
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1
 Il peut y avoir plusieurs agrégats probables. En effet, les agrégats secondaires sont définis comme les seconds 

plus probables et qui sont situés en dehors de la zone du premier agrégat. 
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Figure 9 : Distributions temporelles utilisées pour simuler des foyers (Reis et al., 2003) 

ヲくヵくヴ 1ﾗﾏヮ;ヴ;ｷゲﾗﾐ"SWゲ"ヮWヴaﾗヴﾏ;ﾐIWゲ"SW"SｷaaYヴWﾐデゲ";ﾉｪﾗヴｷデｴﾏWゲ"

1ﾗﾏヮ;ヴWヴ" ﾉWゲ"ヮWヴaﾗヴﾏ;ﾐIWゲ"ﾏWゲ┌ヴYWゲ"ヮ;ヴ"SｷaaYヴWﾐデゲ" ;┌デW┌ヴゲ" Wゲデ" SﾗﾐI" デヴXゲ"SｷaaｷIｷﾉWが" I;ヴ" ﾉWゲ"
ﾏYデｴﾗSWゲ" SげY┗;ﾉ┌;デｷﾗﾐ" Wﾏヮﾉﾗ┞YWゲ" Wデ" ﾉWゲ" IﾗﾐSｷデｷﾗﾐゲ" Sげ;ヮヮﾉｷI;デｷﾗﾐ" ふゲｷｪﾐ;ﾉが" ﾐｷ┗W;┌" SW" H;ゲWが"
I;ﾉｷHヴ;デｷﾗﾐが" WデIくぶ" SWゲ" ;ﾉｪﾗヴｷデｴﾏWゲ" SｷaaXヴWﾐデ" Sげ┌ﾐW" Yデ┌SW" <" ﾉげ;┌デヴWが" ﾉﾗヴゲケ┌W" ﾉW┌ヴ" SWゲIヴｷヮデｷﾗﾐ"
ﾐげWゲデ"ヮ;ゲ"デﾗ┌デ"ゲｷﾏヮﾉWﾏWﾐデ"ﾗﾏｷゲWく""

7Wゲ" YﾉYﾏWﾐデゲ" SW" Iﾗﾏヮ;ヴ;ｷゲﾗﾐ" ヮW┌┗Wﾐデ" デﾗ┌デWaﾗｷゲ" ZデヴW" デｷヴYゲ" SWゲ" Yデ┌SWゲ" Y┗;ﾉ┌;ﾐデ" ﾉWゲ"
ヮWヴaﾗヴﾏ;ﾐIWゲ" SW" SｷaaYヴWﾐデゲ" ;ﾉｪﾗヴｷデｴﾏWゲ" ;┗WI" ﾉWゲ" ﾏZﾏWゲ" ｷﾐSｷI;デW┌ヴゲ" Wデ" S;ﾐゲ" ﾉWゲ" ﾏZﾏWゲ"
IﾗﾐSｷデｷﾗﾐゲ" ふﾐｷ┗W;┌" SW" ヴYaYヴWﾐIW" Wデ" ゲｷｪﾐ;┌┝" ｷSWﾐデｷケ┌Wゲぶく" v;ヴ" W┝WﾏヮﾉWが" ヮ;ヴﾏｷ" ﾉWゲ" ゲｷ┝"
;ﾉｪﾗヴｷデｴﾏWゲ" デWﾏヮﾗヴWﾉゲ" ふデヴﾗｷゲ" ﾏYデｴﾗSWゲ" SW" ﾉ;" a;ﾏｷﾉﾉWど1が" SW┌┝" ﾉｷゲゲ;ｪWゲ" W┝ヮﾗﾐWﾐデｷWﾉゲ" Wデ" ┌ﾐ"
ﾏﾗSXﾉW" SW" ヴYｪヴWゲゲｷﾗﾐ" SW" vﾗｷゲゲﾗﾐぶ" Y┗;ﾉ┌Yゲ" ヮ;ヴ" ふY;Iﾆゲﾗﾐ" Wデ" ;ﾉくが" ヲヰヰΑぶ" Wﾐ" ゲ┌ヮWヴヮﾗゲ;ﾐデ" SWゲ"
aﾗ┞Wヴゲ"ゲｷﾏ┌ﾉYゲ"<"┌ﾐW"ゲYヴｷW"SW"SﾗﾐﾐYWゲ";┌デｴWﾐデｷケ┌Wが"ﾉW"ﾏﾗSXﾉW"ﾉｷﾐY;ｷヴW"ｪYﾐYヴ;ﾉｷゲY"ゲげWゲデ"ヴY┗YﾉY"
ZデヴW"ﾉW"ヮﾉ┌ゲ"ゲWﾐゲｷHﾉWく""

c;ﾉｴW┌ヴW┌ゲWﾏWﾐデ"ﾉWゲ"IﾗﾐIﾉ┌ゲｷﾗﾐゲ"SW"IW"デ┞ヮW"SげYデ┌SW"ゲﾗﾐデ"SｷaaｷIｷﾉWﾏWﾐデ"ｪYﾐYヴ;ﾉｷゲ;HﾉWゲく"7;ﾐゲ"
ﾉげYデ┌SW" SW" Y;Iﾆゲﾗﾐが" ﾉ;" ヮWヴaﾗヴﾏ;ﾐIW" ゲ┌ヮYヴｷW┌ヴW" S┌" ﾏﾗSXﾉW" ﾉｷﾐY;ｷヴW" ｪYﾐYヴ;ﾉｷゲY" Yデ;ｷデ" ヮ;ヴ"
W┝WﾏヮﾉW";デデヴｷH┌YW";┌"aﾗヴデ"WaaWデ"ｴWHSﾗﾏ;S;ｷヴW"I;ヴ;IデYヴｷゲ;ﾐデ"ﾉ;"ゲYヴｷW"SW"SﾗﾐﾐYWゲ"┌デｷﾉｷゲYWが"ケ┌W"
ﾉWゲ";┌デヴWゲ"ﾏYデｴﾗSWゲ"ﾐW"I;ヮデ┌ヴ;ｷWﾐデ"ヮ;ゲ"HｷWﾐく""

#ｷﾐゲｷ" ｷﾉ" ﾐげW┝ｷゲデW"ヮ;ゲ"┌ﾐW"ﾏYデｴﾗSW"┌ﾐｷ┗WヴゲWﾉﾉW"ケ┌ｷが" ケ┌WﾉﾉW"ケ┌W" ゲﾗｷデ" ﾉ;" ゲｷデ┌;デｷﾗﾐが"ヮヴYゲWﾐデW" ﾉWゲ"
ﾏWｷﾉﾉW┌ヴWゲ"ヮWヴaﾗヴﾏ;ﾐIWゲく"#┌"Iﾗﾐデヴ;ｷヴWが"ｷﾉ"ゲWﾏHﾉW"ｷﾐIﾗﾐデﾗ┌ヴﾐ;HﾉW"SげY┗;ﾉ┌Wヴ"ﾉWゲ"ヮWヴaﾗヴﾏ;ﾐIWゲ"
Sげ┌ﾐ" Y┗Wﾐデ;ｷﾉ" SW" ﾏYデｴﾗSWゲ" ゲ┌ヴ" ゲWゲ" ヮヴﾗヮヴWゲ" SﾗﾐﾐYWゲ" ヮﾗ┌ヴ" ｷSWﾐデｷaｷWヴ" ﾉ;" ﾏYデｴﾗSW" ﾉ;" ヮﾉ┌ゲ"
ヮWヴaﾗヴﾏ;ﾐデW";┌┝"ヴWｪ;ヴSゲ"SWゲ"ﾗHﾃWIデｷaゲ"aｷ┝Yゲ"Wデ"SWゲ"ﾏﾗ┞Wﾐゲ"SｷゲヮﾗﾐｷHﾉWゲ"ふSﾗﾐﾐYWゲが"ヴWゲゲﾗ┌ヴIWゲ"
ｷﾐaﾗヴﾏ;デｷケ┌Wゲ"Wデ"ｴ┌ﾏ;ｷﾐWゲぶく"



1ｴ;ヮｷデヴW"ヱ"

ヶヰ"
"

ン Nﾐ┗Wﾐデ;ｷヴW"SWゲ"Sｷゲヮﾗゲｷデｷaゲ"W┝ｷゲデ;ﾐデゲ"ﾗ┌"Wﾐ"SY┗WﾉﾗヮヮWﾏWﾐデ"Wﾐ"ゲ;ﾐデY"
;ﾐｷﾏ;ﾉW"

7Wヮ┌ｷゲ"┌ﾐW"Sｷ┣;ｷﾐW"Sげ;ﾐﾐYWゲが"SWゲ"ヮヴﾗﾃWデゲ"SW"7}}"ゲﾗﾐデ"<" ﾉげYデ┌SW"ﾗ┌"ﾗﾐ"YデY"ﾏｷゲ"Wﾐ"ヮﾉ;IW"Wﾐ"
ゲ;ﾐデY" ;ﾐｷﾏ;ﾉWが" aﾗ┌ヴﾐｷゲゲ;ﾐデ" SWゲ" YﾉYﾏWﾐデゲ" ヮWヴﾏWデデ;ﾐデ" SW" SｷゲI┌デWヴ" SW" ﾉげｷﾐデYヴZデ" SW" IWデデW"
ﾐﾗ┌┗WﾉﾉW";ヮヮヴﾗIｴW"SW"ゲ┌ヴ┗Wｷﾉﾉ;ﾐIW"YヮｷSYﾏｷﾗﾉﾗｪｷケ┌Wく""

]げｷﾐ┗Wﾐデ;ｷヴW"SWゲ"Sｷゲヮﾗゲｷデｷaゲ"W┝ｷゲデ;ﾐデゲ"ﾗ┌"Wﾐ"SY┗WﾉﾗヮヮWﾏWﾐデ"Wﾐ"ゲ;ﾐデY";ﾐｷﾏ;ﾉW";"Sげ;HﾗヴS" a;ｷデ"
ﾉげﾗHﾃWデ"Sげ┌ﾐW" ヴWIｴWヴIｴW"HｷHﾉｷﾗｪヴ;ヮｴｷケ┌Wく"1WデデW" ヴWIｴWヴIｴW";"Wﾐゲ┌ｷデW"YデY" IﾗﾏヮﾉYデYW"ヮ;ヴ"┌ﾐW"
Wﾐケ┌ZデW"ﾏWﾐYW";┌" ゲWｷﾐ"SW" ﾉげ⁄ﾐｷﾗﾐ"W┌ヴﾗヮYWﾐﾐW"S;ﾐゲ" ﾉW" I;SヴW"S┌"ヮヴﾗﾃWデ" W┌ヴﾗヮYWﾐ"~ヴｷヮﾉWど}"
ふｴデデヮぎっっ┘┘┘くゲ┞ﾐSヴﾗﾏｷIゲ┌ヴ┗Wｷﾉﾉ;ﾐIWくW┌ぶく""

dﾗ┌ゲ"ヮヴYゲWﾐデﾗﾐゲ"Sげ;HﾗヴS"ﾉWゲ"ヴYゲ┌ﾉデ;デゲ"SW"ﾉ;"ヴWIｴWヴIｴW"HｷHﾉｷﾗｪヴ;ヮｴｷケ┌W"ﾉｷﾏｷデYゲ";┌┝"Sｷゲヮﾗゲｷデｷaゲ"
W┝ｷゲデ;ﾐデゲ" ﾗ┌" Wﾐ" SY┗WﾉﾗヮヮWﾏWﾐデ" Wﾐ" SWｴﾗヴゲ" SW" ﾉげ⁄ﾐｷﾗﾐ" W┌ヴﾗヮYWﾐﾐWが" ヮ┌ｷゲ" ﾉWゲ" ヴYゲ┌ﾉデ;デゲ" SW"
ﾉげｷﾐ┗Wﾐデ;ｷヴW"ふヴW┗┌W"SW"ﾉ;"ﾉｷデデYヴ;デ┌ヴW"Wデ"Wﾐケ┌ZデWぶ"ﾏWﾐY"S;ﾐゲ"ﾉげ⁄ﾐｷﾗﾐ"W┌ヴﾗヮYWﾐﾐWく"

];"ゲ┞ﾐデｴXゲW"SWゲ"IﾗﾐIﾉ┌ゲｷﾗﾐゲ"デｷヴYWゲ"SW"IWゲ"ｷﾐ┗Wﾐデ;ｷヴWゲ"Wゲデ"ヮヴﾗヮﾗゲYW"S;ﾐゲ"ﾉげ;ヴデｷIﾉW"ヮヴYゲWﾐデY";┌"
ヮ;ヴ;ｪヴ;ヮｴW"ンくンく"

ンくヱ Nﾐ┗Wﾐデ;ｷヴW"SWゲ"Sｷゲヮﾗゲｷデｷaゲ"ｴﾗヴゲ"⁄ﾐｷﾗﾐ"W┌ヴﾗヮYWﾐﾐW"

ンくヱくヱ yW┗┌W"SW"ﾉ;"ﾉｷデデYヴ;デ┌ヴW"

]Wゲ"ヴYaYヴWﾐIWゲ"ﾗﾐデ"YデY"IｴWヴIｴYWゲ"ゲ┌ヴ"ｷﾐデWヴﾐWデ";┌"ﾏﾗｷゲ"SW"ﾃ;ﾐ┗ｷWヴ"ヲヰヱヱ"<"ﾉげ;ｷSW"SW"SｷaaYヴWﾐデWゲ"
aﾗﾐIデｷﾗﾐﾐ;ﾉｷデYゲ" S┌" ﾏﾗデW┌ヴ" SW" ヴWIｴWヴIｴW" FﾗﾗｪﾉW" ;ｷﾐゲｷ" ケ┌W" S;ﾐゲ" ﾉWゲ" H;ゲWゲ" SW" SﾗﾐﾐYWゲ"
ゲIｷWﾐデｷaｷケ┌Wゲ"ヮ┌Hﾉｷケ┌Wゲ"v┌HcWS"Wデ"}IｷWﾐIW"7ｷヴWIデが"SW"ﾏ;ﾐｷXヴW"<"IｷHﾉWヴ";┌ゲゲｷ"HｷWﾐ"SWゲ";ヴデｷIﾉWゲ"
ヮ┌HﾉｷYゲ" S;ﾐゲ" SWゲ" ヴW┗┌Wゲ" ゲIｷWﾐデｷaｷケ┌Wゲ" ケ┌W" SWゲ" SﾗI┌ﾏWﾐデゲ" SW" デヴ;┗;ｷﾉ" Iﾗﾐゲ;IヴYゲ" <" ﾉ;"
ゲ┌ヴ┗Wｷﾉﾉ;ﾐIW"ゲ┞ﾐSヴﾗﾏｷケ┌W"Wﾐ"ゲ;ﾐデY";ﾐｷﾏ;ﾉWく""

]Wゲ"ヮヴWﾏｷXヴWゲ" ヴWケ┌ZデWゲ" ヴYSｷｪYWゲ"ヮﾗ┌ヴ" ｷﾐデWヴヴﾗｪWヴ" ﾉWゲ"H;ゲWゲ"SW"SﾗﾐﾐYWゲ"v┌HcWS"Wデ"}IｷWﾐIW"
7ｷヴWIデ" ﾗﾐデ" ヮWヴﾏｷゲ" SげﾗHデWﾐｷヴ" ヴWゲヮWIデｷ┗WﾏWﾐデ" ヴヴヱ" Wデ" ヴヰヲ" ヴYゲ┌ﾉデ;デゲく" ⁄ﾐ" IWヴデ;ｷﾐ" ﾐﾗﾏHヴW" SW"
ヴYaYヴWﾐIWゲ" ゲW" ゲﾗﾐデ" ヴY┗YﾉYWゲ" ｷﾐ;ヮヮヴﾗヮヴｷYWゲく" ]Wゲ" ヴYゲ┌ﾏYゲ" ふWデ" ﾉW" Iﾗヴヮゲ" SW" デW┝デW" ケ┌;ﾐS"
ﾐYIWゲゲ;ｷヴWぶ" ﾗﾐデ" SﾗﾐI" YデY" ﾉ┌ゲ" ヮﾗ┌ヴ" ゲ;┗ﾗｷヴ" ゲｷ" IWゲ" ;ヴデｷIﾉWゲ" ;┗;ｷWﾐデ" HｷWﾐ" ┌ﾐ" ヴ;ヮヮﾗヴデ" ;┗WI" ﾉ;"
ゲ┌ヴ┗Wｷﾉﾉ;ﾐIW"ゲ┞ﾐSヴﾗﾏｷケ┌W"┗YデYヴｷﾐ;ｷヴWが"IW"ケ┌ｷ";"IﾗﾐS┌ｷデ"<"ﾐW"ｪ;ヴSWヴ"ケ┌W"Sｷ┝"SW"IWゲ"ヴYaYヴWﾐIWゲく"
dﾗ┌ゲ" ;┗ﾗﾐゲ" SﾗﾐI" ﾉ;ﾐIY" ┌ﾐW" ﾐﾗ┌┗WﾉﾉW" ヴWケ┌ZデWが" ヮﾉ┌ゲ" ﾉ;ヴｪW" ケ┌ｷ" ﾐﾗ┌ゲ" ;" ヮWヴﾏｷゲ" SげｷSWﾐデｷaｷWヴ"
ヴWゲヮWIデｷ┗WﾏWﾐデ" ヲヰヰン" ;ﾐS" ヵンヴ" ヴYゲ┌ﾉデ;デゲ" S;ﾐゲ" v┌HcWS" ;ﾐS" }IｷWﾐIW" 7ｷヴWIデが" Sﾗﾐデ" ゲW┌ﾉWゲ" ヲヴ"
ヴYaYヴWﾐIWゲ"ﾗﾐデ"YデY"IﾗﾐゲWヴ┗YWゲ";ヮヴXゲ"ﾉWIデ┌ヴW"SWゲ"ヴYゲ┌ﾏYゲく"

dﾗ┌ゲ" ;┗ﾗﾐゲ" ヮ;ヴ" ;ｷﾉﾉW┌ヴゲ" ｷﾐデWヴヴﾗｪY" SW┌┝" ﾏﾗデW┌ヴゲ" SW" ヴWIｴWヴIｴW" ヮWヴゲﾗﾐﾐ;ﾉｷゲYゲ" SW" FﾗﾗｪﾉWが"
IﾗﾐN┌ゲ"ヮ;ヴ"┌ﾐ"W┝ヮWヴデ"S┌"ﾏｷﾐｷゲデXヴW"Wﾐ"Iｴ;ヴｪW"SW"ﾉげ#ｪヴｷI┌ﾉデ┌ヴWく"];"ﾏZﾏW"ヴWケ┌ZデW"ふゲ┞ﾐSヴﾗﾏｷI"
jy"ゲ┞ﾐSヴﾗﾏｷケ┌W"ゲ┌ヴ┗Wｷﾉﾉ;ﾐIW"ゎ;ﾐｷﾏ;ﾉ"ｴW;ﾉデｴゎ"jy"ゎゲ;ﾐデY";ﾐｷﾏ;ﾉWゎぶ";"ｷSWﾐデｷaｷY"ヶヱ"ヮ;ｪWゲ"S;ﾐゲ"
ﾉW"ﾏﾗデW┌ヴ"た"};ﾐデY";ﾐｷﾏ;ﾉW"だ"Wデ"ヲヱヶ"S;ﾐゲ"ﾉW"ﾏﾗデW┌ヴ"た"YヮｷSYﾏｷﾗゲ┌ヴ┗Wｷﾉﾉ;ﾐIW"だく"

                                                
1
 veterinary[sb] AND (syndrom*[Title/Abstract]) AND (surveillance[Title/Abstract]) AND ("animal"[Title/Abstract] OR 

vet*[Title/Abstract]) 
2
 TITLE-ABSTR-KEY((syndrom*) AND (surveillance) AND (animal OR vet*) 

3
 veterinary[sb] AND (“surveillance”[Title] OR “monitoring”[Title] OR “early warning”[Title]) AND (syndrom*[Title] OR “non 

specific”[Title] OR “unspecific”[Title] OR “automated”[Title] OR “real time”[Title] OR “production”[Title] OR “pre diagnostic”[Title] 
OR “mortality”[Title] OR “death”[Title]) 
4
 (syndromic) AND (surveillance) AND (animal OR veterinar*)[All Sources(Agricultural and Biological Sciences,Computer 

Science,Environmental Science,Veterinary Science and Veterinary Medicine)]
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Figure 10 : Geographic distribution of Banfield Hospitals (•) (n=360) with open circles indicating major 

metropolitan areas having œ 8 Banfield hospitals within 50 mile radius, d’après Moore et al., 2004 
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Figure 11 : Evolution du taux de chiens infestés par les tiques (pour 1000 consultations) et de l’incidence 

de la maladie de Lyme chez l’homme (par 100 000 personnes), d’après Glickman et al., 2006 
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Figure 12 : Nombre de syndromes respiratoires observés chez les humains et les chats (en provenance 

d’une seule clinique vétérinaire), d ‘après Babin, 2003 
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Figure 13 : Nombre d’appels quotidiens de demandes de ramassage de cadavres de chiens (rouge) et de 

chats (bleu), d ‘après Aslam, 2009 
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Figure 14 : Densité de corbeaux morts (DCD) par mile carré et nombre de cas humains de la maladie à 

virus West Nile (WNV) par semaine en 2002. La droite horizontale indique un DCD de 0.1, F. la date où le 

premier oiseau confirmé infecté a été trouvé et R. la date où le laboratoire a fourni le résultat pour cet 

oiseau, d’après (Eidson et al., 2005). 
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Figure 15 : Distribution temporelle des carcasses trouvées dans la forêt située à la frontière entre le Gabon 

et la République du Congo (2001-2003). D’après (Rouquet et al., 2005) 
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The Triple-S project, co-financed by the European Commission and involving twenty four 

organizations from fourteen countries was launched in September 2010 with the following 

objectives 1) performing an inventory of existing or planned Syndromic Surveillance (SyS) 

systems in Europe both in animal and public health; 2) building a network of experts involved 

in SyS; 3) producing guidelines to implement SyS systems; 4) developing synergies between 

human and animal health SyS systems. 

This study presents the current state of veterinary SyS in Europe and its perspectives. The 

descriptive analysis distinguished two types of existing European SyS systems: the first type 

was based on private data, targeted companion animals and was often already opeerational, 

the second type was based on mandatory data, focused on livestock, and was at an earlier 

stage of development. Statistical analysis of syndromic data was identified as the main 

challenge in most of the existing or planned veterinary SyS systems. The inventory showed 

that very important amounts of data of interest for SyS are already collected around Europe, 

but few of them are properly analyzed.  

The guidelines for the implementation of SyS systems and network of people involved in SyS 

elaborated by the Triple-S project could provide a solution to enhance and harmonize 

veterinary SyS in European countries. 
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Traditional epidemiological surveillance systems aim at identifying the presence of a 

particular pathogen in a population by tracking potential cases and carrying out relevant 

laboratory tests on these individuals. These systems can be effective for the diseases they 

were designed for but may not be able to detect new health threats. The current context 

(globalization, global warming, animal and human population growth, bioterrorism threat, 

etc.) is favourable to emergence of new diseases (Jones et al., 2008). Health threats to come 

are unpredictable and even though potential threats could be identified, resources are too 

limited to implement systems dedicated to each of them. Facing this issue, epidemiologists 

have begun to explore new approaches in surveillance. One of them, called syndromic 

surveillance (SyS), draws more and more attention."

Syndromic surveillance was initially developed in 2001 by US authorities who were looking 

how to detect as early as possible bioterrorist attacks (Lazarus et al., 2001). In Europe, interest 

for SyS increased after the 2003 heat wave which led many Members States to implement 

such systems (Josseran et al., 2006; Kanieff et al., 2010). Since then, whereas several 

programs (mainly in human but also animal health) have been implemented or are under 

development, little information on them is available. The Triple-S project (Syndromic 

Surveillance Systems in Europe), co-financed by the European Commission and involving 

twenty four organizations from fourteen countries, was launched in September 2010 with the 

following objectives
1
: 

ど performing an inventory of existing and planned SyS systems in Europe both in 

animal and public health; 

ど building a network of experts involved in SyS; 

ど producing guidelines to implement SyS systems; 

ど proposing a European strategy to enhance collaboration between European SyS 

systems; 

ど developing synergies between human and animal health SyS systems. 

Inventories of SyS initiatives have already been conducted in the United States in 2008 

(Buehler et al., 2008) and in Europe in 2011 (Kanieff et al., 2010). However both were limited 

to human health and the European survey considered only systems based on mortality. A 

review of the current initiatives in animal health was performed in 2011 (Dorea et al., 2011) 

but it was based on a literature review whereas most of the initiatives are likely not described 

in scientific papers because of the newness of the approach. 

The Triple-S inventory was conducted in parallel in human and animal health. This paper 

presents the results of the inventory (literature review and survey) of SyS systems conducted 

in animal health, and the outcome of an experts meeting organized by the Triple-S project in 

Paris in September 2011 notably aiming at exploring the ways to improve synergies between 

human and animal health SyS systems. First, we describe the main features of the systems 

identified then we discuss possible improvement and more generally perspectives of this 

approach in animal health surveillance and the possible synergies with human health. 

                                                
1
 www.syndromicsurveillance.eu 
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The inventory was based on a survey conducted in two steps. 

The first step consisted in disseminating a brief questionnaire to people potentially involved in 

SyS. These persons were identified through a grey and white literature review pertaining to 

veterinary SyS. The literature was searched on public scientific databases (Pubmed and 

Sciencedirect) as well as on Google using advanced, customized search engine, and food 

safety agencies websites. This list of persons was thus completed with official contacts in 

animal health such as EFSA focal points, Chief Veterinary Officers (CVO), members of the 

European college of veterinary public health, members of the EFSA Animal Health and 

Welfare scientific panel and informal contacts of the Triple-S project partners. A brief 

questionnaire was sent to all these contacts together with a letter presenting the Triple-S 

project and defining what SyS is. Definition of Syndromic surveillance used for this review 

issued from the Triple-S kick-off meeting (Triple S. Project, 2011): 

“Syndromic surveillance can be defined as “the rapid collection, analysis, interpretation and 

dissemination of health-related data to enable the early identification of the impact (or 

absence of impact) of potential human or veterinary public-health threats which require 

effective public health action.  

Syndromic surveillance is based not on the laboratory confirmed diagnosis of a disease but 

on non-specific health indicators including clinical signs, symptoms or mortality as well as 

proxy measures (e.g. drug sales, production collapse, etc.).  

The data are usually collected for purposes other than surveillance and, where possible, are 

automatically generated so as not to impose an additional burden on the data providers. This 

surveillance tends to be non specific yet sensitive and rapid, and can augment and 

complement the information provided by traditional test based surveillance systems.”  

Answers received from the brief questionnaire were analyzed to select systems that actually 

fit with the proposed definition of SyS. 

The second step consisted in sending to the selected persons a detailed questionnaire to collect 

information on the main features of the system or project they are in charge of. The 

questionnaire design was inspired by the one used for the EUROMOMO project
1
 (Kanieff et 

al., 2010), and was divided into eight parts: “personal information”, “general characteristics of 

the system”, “data providers”, “data collected”, “data analysis”, “data dissemination”, “use 

and evaluation of the system”, and “other comments”. Each person could fill in the 

questionnaire (a word file) and sent it back via e-mail, or fill in directly on the Triple-S 

website (http://www.syndromicsurveillance.eu) via a dedicated interface. 

(̇̊ßæø"̇º̇Ø°œÆœ┺"/(#"

The results of the questionnaires were entered into a MySQL database. A descriptive analysis 

was first performed. As the questionnaire included a lot of questions that involved describing 

the results through a large number of variables, a multivariate data analysis was performed to 

reduce the dimensionality of the dataset. For some questions, more than one answer was 

possible (e.g. a system could have more than one objective or data provider). In this case each 

answer was considered as a binary variable and thus a group of binary variables corresponded 

to one question. Multiple factorial analysis (MFA) was performed. It is a principal axes 

                                                
1

http://www.EUROMOMO.eu/  
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method used to analyze individual observations described by several groups of variables. The 

principle of this method, as all factor analysis methods, is to reduce data to their principal 

components (Bécue-Bertaut and Pagès, 2008; Escofier and Pages, 2008). “Objectives of the 

systems”, “Data providers” and “Population targeted” were chosen as active groups of 

variables . Influence of these groups was balanced by MFA (Escofier and Pages, 2008). 

“Motivation for transmission of data”, “Status of the system” and “Source of funding” were 

used as illustrative variables/groups of variables. Modalities of low effectives were merged to 

avoid instability in the MFA. The analysis was performed using FactoMineR package (Lê et 

al., 2008) from R software (R Development Core Team (2010). R: A language and 

environment for statistical computing. R Foundation for Statistical Computing, Vienna, 

Austria. ISBN 3-900051-07-0, URL http://www.R-project.org). 

/̋̋ßÆº̌"

A meeting of relevant veterinary experts identified through the survey was organized in Paris, 

September 12-14, 2011. The aim was to discuss SyS definition and typology in animal health, 

to present projects from each participant, and discuss the relevance of the approach and its 

perspectives in Europe. 

The veterinary meeting was organized back to back with a similar meeting held on the human 

side. A joint session public/animal health was organized to allow experts to discuss the 

interest of synergies between both sides. The objectives of this session were to i) encourage 

experience and knowledge transfer, ii) discuss what and how information should be shared 

between both sides to improve respective performances. 

4̋œ-Øßœ"
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The review of the literature identified fourteen scientific papers corresponding to ten 

veterinary SyS systems. Using official contacts in animal health, 234 persons were identified: 

EFSA focal points (n=36); Chief Veterinary Officers (n=27); members of the European 

college of veterinary public health (n=140); members of the EFSA Animal Health and 

Welfare scientific panel (n=21). Ten other informal contacts were added to the list. 

A total of 248 brief questionnaire and associated letter were sent in April 2011. Twenty two 

answers were received from thirteen different countries. Among these answers, 26 contacts 

from ten countries were selected and a detailed questionnaire sent in July 2011 (some answers 

involved more than one SyS system), with a reminder on August 2011. Eighteen persons 

answered to the detailed questionnaire allowing the identification of 25 SyS systems. In 

August 2012, two other SyS systems were identified during a scientific congress and included 

in the inventory. 

Finally, a total of 27 different systems from 12 different countries (Figure 1, Appendix 1) 

were identified among which eight were previously identified through literature review (of 

which two systems identified were not included in this study due to lack of response to the 

detailed questionnaire). A summary of each system and contact persons are available on the 

Triple-S website http://www.syndromicsurveillance.eu. 
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Figure 16: Map of the number of European veterinary SyS systems identified through Triple-S inventory 

process. 
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Almost half of the systems (n=12, 44%) were declared in “active phase” whereas ten (37%) 

were in “pilot phase”. Four initiatives were only at the planning stage of using an existing 

database for SyS (Table 1). One system (Crescio et al., 2010) was completed and 

corresponded to a punctual study. Nine (33%) systems had more than one source of funding 

and two (7%) declared not needing any funding as the data was already collected for 

mandatory reasons. The major source of funding came from public sector (81% of systems 

(Table 1). 

More than half of the systems (n=15, 56%) had more than one objective. Main objectives 

were: detection of outbreaks (n=12, 44%), surveillance of other threats (n=6, 22%), general 

health surveillance (n=19, 70%). Fourteen (52%) had another objective than these main ones, 

among which the most frequent (n=7) was the use of health indicators to classify farms 

according to health risk. 

Nine (33%) systems targeted more than one animal population/species (divided in 

“livestock”, “pets and horses”, and “wild animals”). The more frequent targeted population 

was livestock animals (85% of SyS systems) (Table 1). 
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Most of systems (n=21, 78%) had more than one data provider. Veterinary clinics, veterinary 

services, laboratories and slaughterhouses were the most frequent data sources (Figure 17). 

"
Figure 17 : Number of systems according to the type of data providers. 

The geographical coverage was national for 23 (85%) systems. Ten (37%) and nine (33%) 

systems covered respectively 100% of data providers and 100% of animal population under 

surveillance of their country. 

All systems had at least one type of data collected on an ongoing basis. Data collection was 

totally or partially automated for respectively six (22%) and thirteen (48%) systems. Twenty-

one (77%) systems used already collected data (totally of partially). It was considered that 

there was no additional burden for data providers to collect these data for seven (26%) 

systems and the work was organized differently for thirteen (48%) systems. 

The main reasons for data providers to transmit data were because it was mandatory (48% of 

systems) and in order to have an access to outputs (44%). Among the other motivations 

financial compensation, altruism and mutual benefit were specified (Table 1). 

Most (38%) of systems used at least one electronically way of transmission of data and 35% 

still use paper at least partially (Table 1). 

Thirteen (48%) systems transmitted data in real time or near real time (i.e. in less than 24 

hours) (Table 1). 

&̇ß̇"̊æØØ̋̊ß̋¸"

Data collected were individual data for 23 (85%) systems. About 50% of these systems 

collected the date of observation or registration, owner residence, animal ID Number, age and 

breed and sex. 

Among the 75% systems that were monitoring indicators, 18 (67%) were monitoring more 

than one indicator. For the 23 systems using medical observations (i.e. clinical signs or 

lesions), eleven (48%) did not use a coding system (i.e. closed list of medical observation). 

Among the twelve (52%) systems that had a coding system, nine had their own coding 

system, one system used a national coding system and two did not transmit the information in 

the questionnaire. 
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Among the 25 systems that performed analyses, eight (30%) systems analyzed data in real 

time, near real time or daily (Table 1). The two other systems did not yet perform analyses 

because they were in pilot phase. Among the 23 systems that transmitted information on the 

type of analysis performed, nine (33%) did not use anomaly detection methods but only 

carried out a descriptive analysis. The main methods used were historical mean, regression 

models and time-series methods. The “other methods” reported were spatial aggregation and 

z-est. Eight systems performed analysis automatically (Table 1). 

Information was transmitted back to data providers for 18 (67%) systems and to general 

public for seven (26%) systems (Table 1). 

'©̇Ø-̇ßÆæº"æ̨"ß̶̋"œ°œß̋Œœ"̇º¸"œ°º̋ø̌Æ̋œ"

Nine respondents declared that their systems had already been evaluated but evaluation 

conducted actually mostly regarded data quality and not the performances of the system. 

Seven systems already shared outputs of their systems with human health systems and three 

planned to do so. Examples of synergies given were the transmission of information about 

alert, transmission of report with interpreted data and organization of common meetings. 

(̇̊ßæø"̇º̇Ø°œÆœ┺"/(#"

Three groups of active variables were used to perform MFA: Objectives of the system, 

Targeted species and Data providers. To avoid instability in the MFA, modalities of low 

frequency modalities were grouped (e.g. companion animals with horses for targeted 

population, veterinary school with veterinary clinics for data providers) (Table 2). Three 

groups of illustrative variables were used to help interpreting MFA results: Status of the 

system, Source of funding and Reason for data providers to transmit data (Table 1). 

Table 2: Groups of active binary variables used in MFA (number of binary variables in each group). 
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Scree test (D'Agostino and Russell, 2005) suggested keeping three factorial axis for MFA 

interpretation. The three groups of active variables (Objectives of system, Targeted species 

and Data providers) had contributed to the construction of the first factorial axis of MFA for 

respectively 35.4%, 44.3% and 20.3%. The second factorial axis of MFA was mainly 

constructed by “objectives of system” and “data providers” with respectively a contribution of 
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37.7% and 55.2%. The three groups of active variables had contributed to the construction of 

the third dimension of MFA for respectively 33.5%, 23.0% and 43.5%. 

The representation of active variables in the two first factorial axis space of MFA showed 

similar information. Only the two first factorial axis space of MFA is thus presented (Figure 

18). 

"
Figure 18: Representation of modalities equal to 1 of variables of MFA in the two first factorial axis space 

of MFA. 

The two first factorial axis space of MFA made the distinction between two groups of data 

providers: the first one with farms, slaughterhouses, rendering plants, other professional 

organizations, and veterinary services, and the second one with veterinary clinics, 

laboratories, drug producers or pharmacies (Figure 18). The two first factorial axis space of 

MFA also distinguished livestock animals on one hand and wild and companion animals on 

the other hand. Looking at illustrative variables, the two first factorial axis space of MFA 

opposed two groups of motivations for data providers to share their data: mandatory 

motivation on one hand and financial compensation, access to output and other motivation on 

the other hand. It also opposed two different statuses of systems: existing database not yet 

used for surveillance (“database only”) on the right and active system on the left. In summary, 

the two first factorial axis space of MFA showed two groups of variables (Figure 18) that 

allowed us to distinguish two types of SyS systems:

ど Systems based on data collected from public stakeholders such as veterinary services, 

or highly regulated data providers such as slaughterhouses, rendering plants and 

livestock professional (farmers and professional organizations). These systems 

targeted livestock animals in the objective of surveillance of particular health threats 

or had other objective such as classifying farms according to unspecific health 
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indicators. Data used for these systems were collected through a mandatory process. 

Systems of this group were mostly in an exploratory phase with no automated 

statistical analyses performed. 

ど Systems based on data collected from private data providers such as veterinary clinics, 

laboratories, drug producers or pharmacies that targeted companion or wild animals. 

These systems had mostly the objective to detect outbreaks or conduct general health 

surveillance. Systems of this group were more advanced than those of the other group. 

/̋̋ßÆº̌"

Nineteen experts (included four organizers from Anses) from eleven European countries 

participated in the veterinary meeting. Eleven existing and planned systems were presented 

followed by discussion on the different steps of the implementation of a SyS system. 

Outcome of the meeting are described in the discussion section. 

&Æœ̊-œœÆæº"
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Among the 27 systems identified through the inventory process, only eight systems were 

previously identified through literature review that showed the relevance of the active 

approach adopted (i.e. conducting a survey). Indeed, as SyS in animal health is quite recent, 

few scientific publications on active systems exist and inventory only based on literature 

review may overlook many initiatives. Even if the inventory was not comprehensive (with no 

possibility to evaluate how many initiatives were missed), as the questionnaire was sent to 

many contacts, we suppose that most of the SyS have been listed and it allowed us to draft a 

first image of the veterinary SyS in Europe. 

%-øø̋ºß"œß̇ß̋"æ̨"©̋ß̋øÆº̇ø°"5°5"Æº"'-øæı̋"

Only 27 SyS initiatives were identified and lots of were at a very early stage of development. 

Among the active systems described, few would actually be considered as SyS systems if we 

strictly applied the Triple-S SyS definition. Indeed data collection and analysis of many 

systems identified were neither real time nor automated. However the inventory showed that 

more and more data potentially suitable for veterinary SyS are now collected in Europe and 

that there is an increasing number of projects to valorize them through SyS. 

Results of MFA showed that the most advanced SyS systems in Europe came from the private 

sector and focused on companion animals whereas systems using data mandatory collected in 

livestock sector are less advanced. SyS systems targeted on livestock animals seemed to be 

mainly focused on public data providers probably mainly because data are collected for 

mandatory purposes and are more simply accessible and harmonized. 

+œœ-̋œ"¬Æß̶"̇̊̊̋œœÆº̌"ıøÆ©̇ß̋"¸̇ß̇"

A huge amount of data linked to animal health status (except mandatory collected data) are 

already and routinely collected for sanitary, economical or zootechnical reasons, but their 

centralization and real-time availability is not often effective for two main reasons. First, these 

data are most of the time collected by the private sector (e.g. farms, laboratories, drug 

producers or pharmacies, veterinary clinics) that is not willing to transmit information that 

could affect their commercial activity. Second, the multiplicity and diversity of private sector 

stakeholders curb the collection and centralization of data for logistical reasons. 
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Difficulties related to the willingness of data providers to share syndromic data could be 

overcome. The food industry is a highly regulated activity and food processing actors (e.g. 

slaughterhouses, animal product companies), unless they are private bodies, are often bind to 

collect and share information to guarantee food safety and traceability. But even in absence of 

regulation, access to data of interest could be made possible if data providers were properly 

rewarded. As the inventory showed, it is important to be imaginative on this point and in 

every case the objective is that data providers should have more benefit notifying an event 

than not notifying it. Rewards can consist in 1) financial compensation e.g. SIKAVA  and 

NASEVA Finnish systems where farmers involved in the system sell their pigs and cattle for 

a better price to slaughterhouses (Ruoho et al., 2010)2) benchmarking and feedback on data 

e.g. SAVSNET British system (Radford et al., 2010), 3) direct added value with an access to 

expertise such as GD-Veekijker telephone help desk (Bartels et al., 2006) or Moss 

emergences 2 system (Barnouin and Vourc'h, 2004; Herr et al., 2009). 

Logistical issue in collecting data from private sector could also be overcome. It is obvious 

that recording data should not be time-consuming for data providers. Duplication, i.e. 

notifications of the same event through two different channels, should be avoided. An 

interface with the software that stakeholders already use for the management of their activities 

is a simple and efficient way to collect data. Adequate software could also be directly 

provided by the manager of the SyS system e.g. SAVSNET (Radford et al., 2010) and Sikava 

use an interface with the software used by veterinarians for their practice management. 

However, it was possible because few different software were developed and used by data 

providers of the same country. The increasing size and decreasing number of professional 

organizations associated with the advances in information technology allow us being 

optimistic on this issue. 

+Œıæøß̇º̊̋"̇º¸"œß̇º¸̇ø¸Æ±̇ßÆæº"æ̨"Œ̇º¸̇ßæø°"̊æØØ̋̊ß̋¸"¸̇ß̇"̇̊øæœœ"'-øæı̋"

A great part of animal health regulation is now produced by the European Union, which 

requires MS to collect many data related to animal health to guarantee for example meat 

traceability. The volume of information collected by MS is more and more important but 

these data are still not often used for SyS, even if our inventory showed that several European 

countries have projects to do so. 

Each MS had for example to implement a centralized database collecting all information on 

cattle identification and movement at the individual level within seven days. Theoretically, 

data on cattle population and mortality covering 100% of the European cattle population are 

thus collected. Several projects are based on these data but none uses them for real time 

surveillance. 

The rendering of animals dead on farm is also an activity regulated at the European level: 

every person collecting and rendering dead animals has to share information with health 

authorities. Two systems in pilot phase using these data to monitor livestock mortality already 

exist: Omar in France (Perrin et al., 2010; Perrin et al., 2012) and Provimer in Spain (Arineo, 

2011). 

As data collection on cattle mortality is defined by European regulation, standardized data are 

theoretically available through Europe. Thereby, a European strategy to analyze these data 

could be conceivable as what was done in human health with the European project named 

EUROMOMO (Euromomo, 2008).  

European mandatory data could help implementing similar SyS systems in different European 

countries and promoting communication of comparable outputs. 

2̋øœı̋̊ßÆ©̋œ"̇º¸"º̋̋¸œ"ßæ"ÆŒıøæ©̋"5°5"Æº"'-øæı̋"
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Results of this inventory showed that even if more and more syndromic data (from veterinary 

clinics, slaughterhouses, fallen plants or laboratories) are now collected and sometimes 

accessible to animal health epidemiologists, there is a lack of knowledge on tools and strategy 

to analyze them. Moreover, even when data analysis is carried out, few systems have defined 

protocols to interpret statistical alarms and adequately answer them. Triple-S guidelines for 

implementing SyS are elaborated in the objective to fill in these gaps. 

Most systems identified in this survey used existing data which were originally not collected 

for surveillance purpose as most of SyS systems. As a consequence, these data are cheaper to 

access but could be of insufficient quality for surveillance (bias, precision, etc.). This 

inventory showed that 41% of the systems did not use a coding system (i.e. predefined list of 

closed items). There is a clear lack of standardization of clinical information (name and 

definition of clinical signs, syndromes, causes of death, etc.) in veterinary sciences which is a 

hindrance to harmonization and comparability of data within one system and between 

systems. Several countries elaborated and used national or regional coding systems: 

Scandinavian countries (Finland, Sweden and Norway) share for example a common coding 

system for diagnosis and cause of death in cattle and pigs; Austria has developed a system 

close to the Scandinavian one, which is also used in some parts of Germany; A coding system 

was published in the Danish legislation for meat inspection of pigs and cattle, and in France 

for cattle meat inspection; In the UK there is a coding system for small animals which is 

commonly used (VENOM, 2012). 

Comparability of outputs between SyS systems of different countries or within a country is an 

important issue for alert management and communication strategy because the spread of 

diseases is not impeded by country borders. For this purpose, the Triple-S proposal for 

European strategy on SyS aims at improving comparability of SyS systems outputs. 

.ÆŒÆßœ"æ̨"ß̶̋"5°5"¸̨̋ÆºÆßÆæºœ"

Most of the SyS definitions consider the real time collection and analysis of data as a main 

characteristic (Buehler et al., 2004; Hoinville et al., 2009; Hoinville, 2011; Triple S. Project, 

2011). On one hand, many animal health SyS systems are mixing different notification 

systems and are partly real time (online data transmission) and partly not (data transmission 

through paper forms, registered later in the database). On the other hand, some systems are 

collecting data in real time, but from events that are not frequent e.g. clinical signs observed 

during quarterly farm visits. 

Defining SyS according to the real-time collection of data is perhaps not adequate for animal 

health systems. Timeliness is a goal for all systems aiming at early detection and seems not 

specific to SyS. The implementation of a real-time process can cost a lot and its added value 

should be carefully evaluated. A balance between timeliness and costs has always to be found. 

Most survey respondents and meeting participants considered that real time was more an 

objective than an obligation for animal health SyS systems. For most, what really defined SyS 

was the nature of the indicators monitored. The border between traditional and syndromic 

surveillance is not yet so clear. 

5°º̋ø̌Æ̋œ"¬Æß̶"̶-Œ̇º"̶̋̇Øß̶"

There is a real interest in developing SyS using existing databases but in animal health the 

implementation of such systems is at an initial stage compared to human health. Taking into 

account limits of traditional surveillance approaches to deal with infectious diseases, the 

Wildlife Conservation Society initiated since 2004 a global and preventive approach named 

One World-One Health. The objective was to strengthen the links between human health, 

animal health and environment as none of these sectors has enough knowledge and resources 
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to detect or prevent the emergence or resurgence of diseases in today globalized world 

(Zinsstag et al., 2005; Khan et al., 2009). Syndromic surveillance, as traditional surveillance, 

has to be considered from the perspective of the One health initiative. 

Human and animal health epidemiologists are facing common statistical and epidemiological 

issues when dealing with SyS (e.g. use of data collected for other purpose than surveillance; 

standardization of clinical observations; syndrome definition; anomaly detection; 

interpretation of unspecific signals; response to alerts). Both sides have thus interest in 

sharing their experience and knowledge to improve their respective systems. 

The results of the inventory of veterinary SyS systems showed that 40% of identified systems 

already shared or have planned to share information with the human health sector. For these 

systems the collaboration between human and animal health sectors was based on regular 

meeting to discuss the outputs of the systems e.g. GD – Veekijker (GD Animal health 

monitor) system in the Netherlands (Bartels et al., 2006), Farmfile system in the UK (Gibbens 

et al., 2008). Collaborations reported were mainly focused on zoonotic diseases certainly 

because zoonoses is a major concern nowadays since 75% of emerging infectious diseases 

have been identified as zoonoses (Jones et al., 2008; Khan et al., 2009). 

It could be relevant to regularly share information to improve SyS systems performances on 

both sides in terms of timeliness, reactivity and awareness. Timeliness and sensitivity for 

detecting a threat common to human and animal can be better on one or the other side, 

depending on which species develop symptoms stronger and earlier after exposure (animal 

sentinel). West Nile disease is an interesting example because several countries have already 

implemented SyS systems with synergies between human and animal healths. SyS of West 

Nile disease could be based on both surveillance of wild bird mortality, horse neurologic 

syndromes and human clinical suspected cases. In the Netherlands and France, the West Nile 

SyS is based on the notification by veterinarians of neurological syndromes associated with 

previous fever (Rockx et al., 2006; Leblond et al., 2007). Horse West Nile cases usually 

precede human cases in Europe (Leblond et al., 2007; Leblond et al., 2010) in opposition to 

what has been observed in the USA and Canada (Corrigan et al., 2006). The increase of crow 

mortality monitored in the USA (Eidson et al., 2001; Witt, 2003; Eidson et al., 2005) 

associated with West Nile outbreaks was not observed in Europe (Durand et al., 2002; Guptill 

et al., 2003; Durand et al., 2005). These observations highlight the interest of synergies 

between human and animal health SyS systems for the early detection of zoonotic diseases 

but also the necessity to adapt SyS according to epidemiologic characteristics depending on 

geographical areas. 

Other types of health events having an impact on both animal and human populations could 

theoretically be worth of synergies between the two sides. It could help to evaluate the impact 

of an identified health event, or reassure on the absence of impact of environmental pollution 

accident. Examples of this utility could be found in scientific articles outside Europe. Toxic 

Exposure Surveillance System (TESS) is an example of existing synergies between animal 

and human health in SyS. This system was implemented in USA in 2003 to collect in real 

time and centralize information from poison centres. Both clinical signs in humans and 

animals observed after exposure to poisons are monitored to detect aberrations (Watson et al., 

2005). Another example is LAHVA (Linked Animal-Human Health Visual Analytics) which 

is a visual analytics framework for analyzing both human emergency data and veterinary 

hospital data implemented in USA. Maciejewski et al studied the correlations between 

respiratory syndromes representing the onset of seasonal influenza in humans and general 

respiratory syndromes in cats and dogs (Maciejewski et al., 2007). They also investigated the 

usefulness of using companion animals to detect unusual events such as environmental 

incidents (e.g. industrial wastewater release). Eye inflammation, respiratory, and 
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gastrointestinal syndromes were identified as relevant for this purpose (Maciejewski et al., 

2007). In the USA, ESSENCE II is a SyS system based on both information from human and 

animal health sectors monitoring for instance the number of human and cat respiratory 

syndromes (Babin, 2003, 2010). 

SyS produces unspecific alarms that need to be investigated. Sharing results between animal 

and human SyS could help excluding some artifacts and limiting the false alarm rate, if for 

example alarms are confirmed only when observed in animal and human populations, which 

are similarly exposed. Concomitant alert from human and animal systems would add 

confidence in a signal suggesting the presence of a health threat. 

%æº̊Ø-œÆæº"

This study showed the current state of veterinary SyS in Europe and its perspectives. The 

descriptive analysis distinguished two types of existing European SyS systems. The first type 

of systems, more advanced was identified in the private sector and focused on companion 

animals whereas the second type was at an early stage, based on data mandatory collected and 

targeted the livestock sector. 

Currently, among the surveillance systems considered as SyS by the veterinarian 

epidemiologists, there is none that fulfill all the requirements of the SyS definition used in this 

paper. The real or near real-time collection of data is notably often not carried out.  

SyS systems are considered as complementary to other existing surveillance systems and are 

not meant to replace them. It is an additional tool to detect changes or events that would not 

be detected otherwise. 

The statistical analysis was one of the weak points identified in most of the existing or 

planned veterinary SyS systems. A huge amount of data of interest for SyS is collected but 

few of them are analyzed properly. The guidelines for the implementation of SyS systems and 

network of people involved in SyS elaborated by the Triple-S project could provide a solution 

to enhance and spread veterinary SyS in European countries. 

European regulation requires Member States to collect many data to guarantee for example 

meat traceability. It could be an asset to improve comparability of SyS inputs and thus outputs 

in European countries. Looking at the data collected in European countries, systems 

developed or planned in animal health, it seems relevant to think about implementing a SyS 

system based on animal mortality data as an extension of the existing EUROMOMO project 

in human health. 

Synergies between human and animal health SyS should be relevant in the same way as for 

traditional surveillance especially for zoonotic diseases detection but not only. Detection of 

environmental incident and quantification of impact or reassurance on the absence of impact 

are other interesting fields for synergies. The transmission of outputs from both sides is the 

easiest way for such synergies even if the common collection and analysis of both human and 

animal health data is another option already chosen by USA systems. 
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Appendix 1: European veterinary surveillance systems projects having a syndromic component identified through the Triple-S inventory process with their main 

characteristics. 
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Figure 19 : Architecture du dispositif d’enregistrement de l’identification bovine (Klopp, 2001) 
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Tableau 1 : Liste des champs renseignés dans la table bovins 

CHAMPS Commentaire 

COD_PAYS_ANI Code pays  
NUM_NAT Numéro national  
DATE_NAISS  Date de naissance  
NUM_EXP_NAISS Numéro d'exploitation de naissance 
SEXE Sexe  
TEMOIN_NAISS Témoin de naissance  
TYP_RACE Type racial  
DATE_PREM_VELAGE  Date de premier vêlage (si sexe =2) 
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Tableau 2 : Liste des champs renseignés sur les périodes de détention 

CHAMPS Commentaire 

COD_PAYS_ANI Code pays du bovin 
NUM_NAT Numéro national du bovin 

CAUSE_ENTR Cause d'entrée dans l'exploitation 
DATE_ENTREE Date d'entrée dans l'exploitation 
CAUSE_SORT  Cause de sortie de l'exploitation 
DATE_SORTIE  Date de sortie de l'exploitation 

NUM_EXP Numéro d'exploitation 
DEP_EXP Département de l'exploitation 

DEP_ORIGINE Département de l'exploitation précédente 
DEP_SORT Département de l'exploitation suivante 

PAYS_ORIGINE Pays origine du bovin si <> de FR 
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Figure 20 : Délais de notification (en jours sur l’axe des abscisses) de sortie de bovins pour causes de 

boucherie (en haut à gauche), pension (en haut à droite), vente (en bas à gauche) et mort (en bas à droite) 

bleu = laitiers ; orange = allaitants (DGAL, 2009) 
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 10% pour la population bovine, 25% pour la population ovine et la population caprine 
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 Le règlement ne précise pas dans quel cas la quantité de matière doit être exprimée en masse, volume ou 

nombre d’individus 
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Site de transformation C1/C2

Site de transformation C3

Centre de transfert C1/C2

Centre de transfert C3

Figure 21: Répartition des sites d'équarrissage en France (en 2010). C1, C2, C3 correspondent 

respectivement aux déchets de catégorie 1, 2 et 3 définis par (Union européenne, 2009) 
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;ﾐ" Eヴ;ﾐIWが" ﾉげ;ヴデｷIﾉW" 7ヲヲヶどヴ" S┌" IﾗSW" ヴ┌ヴ;ﾉ" ゲデｷヮ┌ﾉW" Wﾐ" WaaWデ" SYゲﾗヴﾏ;ｷゲ" ケ┌W" デﾗ┌デW" ヮWヴゲﾗﾐﾐW"
W┝WヴN;ﾐデ" ┌ﾐW" ;Iデｷ┗ｷデY" SろYケ┌;ヴヴｷゲゲ;ｪW" デヴ;ﾐゲﾏWデ" ;┌" ゲWヴ┗ｷIW" Iｴ;ヴｪY" SW" ﾉ;" デWﾐ┌W" S┌" ヴWｪｷゲデヴW"
IWﾐデヴ;ﾉ"┌ﾐｷケ┌W"ﾉWゲ"SﾗﾐﾐYWゲ"た"┌デｷﾉWゲ";┌"ゲ┌ｷ┗ｷ"ゲ;ﾐｷデ;ｷヴW"SW"IWデデW";Iデｷ┗ｷデY"だく"⁄ﾐ";ヴヴZデY"ゲヮYIｷaｷケ┌W"
ふcｷﾐｷゲデXヴW" SW" ﾉろ#ｪヴｷI┌ﾉデ┌ヴWが" ヲヰヱヱぶ" SﾗﾐﾐW" ﾉ;" ﾉｷゲデW" SWゲ" ｷﾐaﾗヴﾏ;デｷﾗﾐゲ" W┝ｷｪYWゲ" Wﾐ" ゲ┌ゲ" SW" ﾉ;"
ヴYｪﾉWﾏWﾐデ;デｷﾗﾐ"W┌ヴﾗヮYWﾐﾐWく""

ヲくヲくヴ 7ﾗﾐﾐYWゲ"IﾗﾐデWﾐ┌Wゲ"S;ﾐゲ"ﾉげ;7Nど}v#d"

]Wゲ"ゲヮYIｷaｷI;デｷﾗﾐゲ"デWIｴﾐｷケ┌Wゲ"SYデ;ｷﾉﾉYWゲ"SW"ﾉげ;7Nど}v#d"aﾗﾐデ"ﾉろﾗHﾃWデ"Sろ┌ﾐ"SﾗI┌ﾏWﾐデ"ヴYSｷｪY"ヮ;ヴ"
ﾉWゲ" ゲWヴ┗ｷIWゲ" ┗YデYヴｷﾐ;ｷヴWゲ" aヴ;ﾐN;ｷゲ" Wデ" Iﾗﾏﾏ┌ﾐｷケ┌Y" ;┌┝" WﾐデヴWヮヴｷゲWゲ" SろYケ┌;ヴヴｷゲゲ;ｪW" ;aｷﾐ" SW"
ゲWヴ┗ｷヴ"SW"H;ゲW"<"ﾉろ;S;ヮデ;デｷﾗﾐ"SW"ﾉW┌ヴゲ"ﾗ┌デｷﾉゲ"ｷﾐaﾗヴﾏ;デｷケ┌Wゲく"1W"SﾗI┌ﾏWﾐデ"SYaｷﾐｷデ"ﾉWゲ"SｷaaYヴWﾐデゲ"
aﾗヴﾏ;デゲ"SろYIｴ;ﾐｪWゲ"SW"SﾗﾐﾐYWゲ"IﾗﾐIWヴﾐ;ﾐデ"ﾉWゲ";ﾐｷﾏ;┌┝"ﾏﾗヴデゲが"ﾏ;ｷゲ";┌ゲゲｷ"ﾉWゲ"SｷaaYヴWﾐデゲ"ゲﾗ┌ゲ"
ヮヴﾗS┌ｷデゲ"IﾗﾉﾉWIデYゲ"S;ﾐゲ"ﾉWゲ"Yデ;HﾉｷゲゲWﾏWﾐデゲ";ｪヴﾗど;ﾉｷﾏWﾐデ;ｷヴWゲ"ふ;H;デデﾗｷヴゲが";デWﾉｷWヴゲ"SW"SYIﾗ┌ヮWが"
WデIくぶく"

]Wゲ" IWﾐデヴWゲ" SげYケ┌;ヴヴｷゲゲ;ｪW" IﾗﾉﾉWIデWﾐデ" Wデ" デヴ;ﾐゲﾏWデデWﾐデ" SW┌┝" デ┞ヮWゲ" SW" SﾗﾐﾐYWゲ"ぎ" IWﾉﾉWゲ"
ヴWﾉ;デｷ┗Wゲ";┌┝"SWﾏ;ﾐSWゲ"SげWﾐﾉX┗WﾏWﾐデゲ"SW"I;S;┗ヴWゲ"ふ;ヮヮWﾉゲ"デYﾉYヮｴﾗﾐｷケ┌Wゲ"ﾗ┌"SWﾏ;ﾐSWゲ"Wﾐ"
ﾉｷｪﾐWぶ"a;ｷデWゲ"ヮ;ヴ"ﾉWゲ"YﾉW┗W┌ヴゲ"Wデ"IWﾉﾉWゲ"ヴWﾉ;デｷ┗Wゲ";┌┝"デﾗ┌ヴﾐYWゲヱ"SげWﾐﾉX┗WﾏWﾐデ"ヴY;ﾉｷゲYWゲ"ヮ;ヴ"ﾉWゲ"
Yケ┌;ヴｷゲゲW┌ヴゲく""

7;ﾐゲ"ﾉWゲ"SW┌┝"I;ゲが"ﾉWゲ"SﾗﾐﾐYWゲ"ゲﾗﾐデ"デヴ;ﾐゲﾏｷゲWゲ";┌"ﾏｷﾐｷゲデXヴW"ヮ;ヴ"┗ﾗｷW"YﾉWIデヴﾗﾐｷケ┌W";┌"aﾗヴﾏ;デ"
„c]く" ]ろYケ┌;ヴヴｷゲゲW┌ヴ"Wゲデ" IWﾐゲY" デヴ;ﾐゲﾏWデデヴW" Iｴ;ケ┌W" ﾃﾗ┌ヴ" ﾉ;" ﾉｷゲデW"SWゲ"WﾐﾉX┗WﾏWﾐデゲ" ヴY;ﾉｷゲYゲ" ﾉ;"
ゲWﾏ;ｷﾐW"ヮヴYIYSWﾐデW"ふデヴ;ﾐゲﾏｷゲゲｷﾗﾐ"SWゲ"SﾗﾐﾐYWゲ"<"YЩΒぶ"Wデ"ﾉ;"ﾉｷゲデW"SWゲ"SWﾏ;ﾐSWゲ"SろWﾐﾉX┗WﾏWﾐデ"
ヴWN┌Wゲ"ﾉ;"┗WｷﾉﾉW"ふデヴ;ﾐゲﾏｷゲゲｷﾗﾐ"<"YЩヱぶく"

ヲくヲくヴくヱ 7ﾗﾐﾐYWゲ"ヴWﾉ;デｷ┗Wゲ";┌┝"SWﾏ;ﾐSWゲ"SげWﾐﾉX┗WﾏWﾐデ"

Nﾐｷデｷ;ﾉWﾏWﾐデが" ﾉWゲ" Yケ┌;ヴヴｷゲゲW┌ヴゲ" ﾐげYデ;ｷWﾐデ" デWﾐ┌ゲ"SW" デヴ;ﾐゲﾏWデデヴW" ﾉWゲ"SWﾏ;ﾐSWゲ"SげWﾐﾉX┗WﾏWﾐデ"
ケ┌げWﾐ"I;ゲ"SW"IヴｷゲWが"ﾏ;ｷゲ" ｷﾉゲ"ﾗﾐデ"ヴ;ヮｷSWﾏWﾐデ"YデY"デWﾐ┌ゲ"SW"ﾏ;ｷﾐデWﾐｷヴ"Iﾗﾐデｷﾐ┌WﾉﾉWﾏWﾐデ"IW"aﾉ┌┝"
SW"SﾗﾐﾐYWゲく""

]Wゲ"ヮヴｷﾐIｷヮ;ﾉWゲ"SﾗﾐﾐYWゲ"IﾗﾉﾉWIデYWゲ"ﾉﾗヴゲ"SWゲ"SWﾏ;ﾐSWゲ"SげWﾐﾉX┗WﾏWﾐデ"ゲﾗﾐデ"SYデ;ｷﾉﾉYWゲ"S;ﾐゲ"ﾉW"
~;HﾉW;┌"ンく""
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Par définition, on appelle 'tournée', l’ensemble des enlèvements réalisés par un camion entre deux déchargements dans 
l’établissement intermédiaire ou de l’usine de transformation.
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Tableau 3 : Liste des champs renseignés dans la table Liste_appel 

1K#cv}" 1ﾗﾏﾏWﾐデ;ｷヴW"
~”v;ぱN7;d~NEN#d~" d;デ┌ヴW"SW"ﾉげｷSWﾐデｷaｷ;ﾐデ"SW"ﾉげYデ;HﾉｷゲゲWﾏWﾐデ";ヮヮWﾉ;ﾐデ"

ふW┝"ぎ";7;ぶ"
†#];⁄yぱN7;d~NEN#d~" †;ﾉW┌ヴ"SW"IWデ"ｷSWﾐデｷaｷ;ﾐデ"
]N0;]];ぱ;~#0]N}};c;d~" ]ｷHWﾉﾉY"SW"ﾉげYデ;HﾉｷゲゲWﾏWﾐデ";ヮヮWﾉ;ﾐデ"
#7y;}};" #SヴWゲゲW"SW"ﾉげYデ;HﾉｷゲゲWﾏWﾐデ";ヮヮWﾉ;ﾐデ"
1j7;ぱvj}~#]" 1ﾗSW"ヮﾗゲデ;ﾉ"SW"ﾉげYデ;HﾉｷゲゲWﾏWﾐデ";ヮヮWﾉ;ﾐデ"
1j7;ぱNd};;" 1ﾗSW"NﾐゲWW"SW"ﾉげYデ;HﾉｷゲゲWﾏWﾐデ";ヮヮWﾉ;ﾐデ"SW"ﾉ;"

SWﾏ;ﾐSW"
7#~;ぱ#vv;]" 7;デW"SW"ﾉ;"SWﾏ;ﾐSW"
7;v#y~;c;d~" 7Yヮ;ヴデWﾏWﾐデ"SW"ﾉげYデ;HﾉｷゲゲWﾏWﾐデ"
1#~;FjyN;ぱ#dNc#⁄„" 1;デYｪﾗヴｷW"Sげ>ｪW"SW"ﾗ┌"SWゲ";ﾐｷﾏ;┌┝"WﾐﾉW┗Yゲ"
~”v;ぱvyj7⁄1~Njd" ~┞ヮW"SW"ヮヴﾗS┌Iデｷﾗﾐ"SW"ﾗ┌"SWゲ";ﾐｷﾏ;┌┝"WﾐﾉW┗Yゲ""
};„;" }W┝W"SW"ﾗ┌"SWゲ";ﾐｷﾏ;┌┝"WﾐﾉW┗Yゲ"
djc0y;ぱ#dNc#⁄„" dﾗﾏHヴW"Sげ;ﾐｷﾏ;┌┝"S;ﾐゲ"ﾉげWﾐﾉX┗WﾏWﾐデ"

]W"ゲ┞ゲデXﾏW";7Nど}v#d"ゲげ;ヮヮﾉｷケ┌W"<"デﾗ┌デWゲ"ﾉWゲ"WゲヮXIWゲ"ゲ┌ゲIWヮデｷHﾉWゲ"SげZデヴW"ヮヴｷゲWゲ"Wﾐ"Iｴ;ヴｪW"ヮ;ヴ"
ﾉW" ゲWヴ┗ｷIW" SW" ﾉげYケ┌;ヴヴｷゲゲ;ｪWく" ];" I;デYｪﾗヴｷW" SWゲ" ;ﾐｷﾏ;┌┝" Wゲデ" ┌ﾐW" ┗;ヴｷ;HﾉW" ケ┌ｷ" SYIヴｷデ" <" ﾉ;" aﾗｷゲ"
ﾉげWゲヮXIW"Wデ"ﾉげ>ｪW"SWゲ";ﾐｷﾏ;┌┝く"dW┌a"I;デYｪﾗヴｷWゲ"ﾗﾐデ"YデY"SYaｷﾐｷWゲ"ヮﾗ┌ヴ"ﾉWゲ"Hﾗ┗ｷﾐゲ"ふ~;HﾉW;┌"ヴぶく""

Tableau 4: Les catégories d'animaux prises en charge 

Bovins Petits ruminants Porcins Equins Volailles Divers

Veaux <21 Boucs Porcelets maternité 
Chevaux 
adultes 

Poules 
pondeuses 

Lapins 

JB < 6 mois Chèvres 
Porcelets post-

sevrage 
Poulains Palmipèdes gras Cervidés

Bovins < 9 mois Chevreaux < 1 mois Porcs charcutiers Anes Poulet de chair  

Bovins <12 
mois 

Bélier Porcs reproducteurs Poneys Ratites  

Bovins < 18 
mois 

Brebis  Croisés   

Bovins < 24 
mois 

Agneaux 
d'engraissement 

 Morts-nés   

Bovins > 2 ans Agneaux < 1 mois     

Bisons      

ヲくヲくヴくヲ 7ﾗﾐﾐYWゲ"ヴWﾉ;デｷ┗Wゲ";┌┝"デﾗ┌ヴﾐYWゲ"SW"IﾗﾉﾉWIデW"

#ヮヴXゲ" ﾉげWﾐﾉX┗WﾏWﾐデ"S┌" I;S;┗ヴWが" ﾉWゲ" ｷﾐaﾗヴﾏ;デｷﾗﾐゲ" SYIﾉ;ヴYWゲ"ヮ;ヴ" ﾉげYﾉW┗W┌ヴ" ;┌"ﾏﾗﾏWﾐデ" SW" ﾉ;"
SWﾏ;ﾐSW"SげWﾐﾉX┗WﾏWﾐデ"ゲﾗﾐデ"ﾏｷゲWゲ"<"ﾃﾗ┌ヴ"Wデ"SWゲ"SﾗﾐﾐYWゲ"ゲ┌ヮヮﾉYﾏWﾐデ;ｷヴWゲが"IﾗﾏﾏW"ﾉ;"S;デW"
Wデ" ﾉげｴW┌ヴW" SW" ﾉげWﾐﾉX┗WﾏWﾐデが" ﾉW" ﾐ┌ﾏYヴﾗ" SろｷSWﾐデｷaｷI;デｷﾗﾐ" ｷﾐSｷ┗ｷS┌WﾉﾉW" SWゲ" ;ﾐｷﾏ;┌┝が" ﾉ;" ケ┌;ﾉｷデY"
SろｷSWﾐデｷaｷI;デｷﾗﾐ"ふヮヴYゲWﾐIW"Wデ"ﾉｷゲｷHｷﾉｷデY"SWゲ"Hﾗ┌IﾉWゲ";┌ヴｷI┌ﾉ;ｷヴWゲ"Wデ"S┌"ヮ;ゲゲWヮﾗヴデが"WデIくぶが"ﾉW"ヮﾗｷSゲ"
ﾐWデ"SW"I;ヴI;ゲゲWが"WデIく"ゲﾗﾐデ"デヴ;ﾐゲﾏｷゲWゲ"ヮ;ヴ"ﾉげYケ┌;ヴヴｷゲゲW┌ヴく"

]W"~;HﾉW;┌"ヵ"Wデ"ﾉW"~;HﾉW;┌"ヶ"ヮヴYゲWﾐデWﾐデ"ヴWゲヮWIデｷ┗WﾏWﾐデ"ﾉWゲ"SﾗﾐﾐYWゲ"ヴWﾉ;デｷ┗Wゲ";┌┝"┗ｷゲｷデWゲ"Wデ"
;┌┝" WﾐﾉX┗WﾏWﾐデゲ"ぎ" ┌ﾐW" デﾗ┌ヴﾐYW" IﾗヴヴWゲヮﾗﾐS" <" ヮﾉ┌ゲｷW┌ヴゲ" ┗ｷゲｷデWゲ" SW" aWヴﾏWゲが" ;┌" Iﾗ┌ヴゲ" SW"
Iｴ;I┌ﾐW"SWゲケ┌WﾉﾉWゲ"ヮW┌┗Wﾐデ"ZデヴW"ヴY;ﾉｷゲYゲ"ヮﾉ┌ゲｷW┌ヴゲ"WﾐﾉX┗WﾏWﾐデゲく""
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Tableau 5 : Champs de la table Liste_lvi 

1K#cv}" 1ﾗﾏﾏWﾐデ;ｷヴW"
N7ぱ~j⁄y" NSWﾐデｷaｷ;ﾐデ"SW"ﾉ;"デﾗ┌ヴﾐYW"
N7ぱ]†N" NSWﾐデｷaｷ;ﾐデ"SW"ﾉ;"┗ｷゲｷデW"
}NF];ぱ;x⁄#yyN}};⁄y" NSWﾐデｷaｷ;ﾐデ"SW"ﾉげYケ┌;ヴヴｷゲゲW┌ヴ"

~”v;ぱN7;d~NEN#d~"
d;デ┌ヴW"SW"ﾉげｷSWﾐデｷaｷ;ﾐデ"SW"ﾉげYデ;HﾉｷゲゲWﾏWﾐデ"┗ｷゲｷデY"ふW┝"ぎ"
;7;ぶ"

†#];⁄yぱN7;d~NEN#d~" †;ﾉW┌ヴ"SW"IWデ"ｷSWﾐデｷaｷ;ﾐデ"
7#~;ぱ†N}N~;" 7;デW"SW"ヴY;ﾉｷゲ;デｷﾗﾐ"SW"ﾉ;"┗ｷゲｷデW"

Tableau 6: Champs de la table Liste_enl 

1K#cv}" 1ﾗﾏﾏWﾐデ;ｷヴW"
N7ぱ~j⁄y" NSWﾐデｷaｷ;ﾐデ"SW"ﾉ;"デﾗ┌ヴﾐYW"
N7ぱ]†N" NSWﾐデｷaｷ;ﾐデ"SW"ﾉ;"┗ｷゲｷデW"
N7ぱ;d]" NSWﾐデｷaｷ;ﾐデ"SW"ﾉげWﾐﾉX┗WﾏWﾐデ"
d#~⁄y;ぱ}v#d" 1;デYｪﾗヴｷW"Sげ>ｪW"SW"ﾗ┌"SWゲ";ﾐｷﾏ;┌┝"WﾐﾉW┗Yゲ"
};„;" }W┝W"SW"ﾗ┌"SWゲ";ﾐｷﾏ;┌┝"WﾐﾉW┗Yゲ"
~”v;ぱvyj7⁄1~Njd" ~┞ヮW"SW"ヮヴﾗS┌Iデｷﾗﾐ"SW"ﾗ┌"SWゲ";ﾐｷﾏ;┌┝"WﾐﾉW┗Yゲ"
djc0y;ぱ#dNc#⁄„" dﾗﾏHヴW"Sげ;ﾐｷﾏ;┌┝"S;ﾐゲ"ﾉげWﾐﾉX┗WﾏWﾐデ"

1j7;ぱNdEjyc#~NjdぱN7;d~NEN1#~Njd"
Nﾐaﾗヴﾏ;デｷﾗﾐ"ゲ┌ヴ"ﾉげYデ;デ"SW"ﾉげｷSWﾐデｷaｷI;デｷﾗﾐ"SWゲ"
;ﾐｷﾏ;┌┝"WﾐﾉW┗Yゲ"

1j7;ぱ1jd7N~Njdぱ;d];†;c;d~"
Nﾐaﾗヴﾏ;デｷﾗﾐ"ゲ┌ヴ"ﾉWゲ"IﾗﾐSｷデｷﾗﾐゲ"SW"ヴY;ﾉｷゲ;デｷﾗﾐ"SW"
ﾉげWﾐﾉX┗WﾏWﾐデ"

#7y;}};" #SヴWゲゲW"SW"ﾉげWﾐﾉX┗WﾏWﾐデ"
1j7;ぱvj}~#]" 1ﾗSW"ヮﾗゲデ;ﾉ"SW"ﾉげWﾐﾉX┗WﾏWﾐデ"
1j7;ぱNd};;" 1ﾗSW"NﾐゲWW"SW"ﾉげWﾐﾉX┗WﾏWﾐデ"
F;jぱ„" ];デｷデ┌SW"SW"ﾉげWﾐﾉX┗WﾏWﾐデ"
F;jぱ”" ]ﾗﾐｪｷデ┌SW"SW"ﾉげWﾐﾉX┗WﾏWﾐデ"
7#~;ぱ7;c#d7;ぱ;d];†;c;d~" 7;デW"<"ﾉ;ケ┌WﾉﾉW";"YデY"SWﾏ;ﾐSY"ﾉげWﾐﾉX┗WﾏWﾐデ"

v#}}#F;ぱ}#d}ぱ#vv;]"
ヱ"ゲｷ"ﾉW"ヮ;ゲゲ;ｪW"ゲげWゲデ"ヴY;ﾉｷゲY"ゲ;ﾐゲ"SWﾏ;ﾐSW"
ヮヴY;ﾉ;HﾉWが"ヰ"ゲｷﾐﾗﾐ"

d⁄c;yjぱ#dNc#]" d┌ﾏYヴﾗ"SげｷSWﾐデｷaｷI;デｷﾗﾐ"SW"ﾉげ;ﾐｷﾏ;ﾉ"Yケ┌;ヴヴｷ"

#┌"ヱヵ"ﾏ;ヴゲ"ヲヰヱヲが"ﾉ;"デ;HﾉW"ﾉｷゲデWぱﾉ┗ｷ"ヴWｪヴﾗ┌ヮ;ｷデ"ヴヲン"ヶΓヴ"デﾗ┌ヴﾐYWゲ"ふN7ぱ~j⁄yぶが";┞;ﾐデ"SﾗﾐﾐY"ﾉｷW┌"<"
ヵ"ヱヰヱ"ヵヶヴ"┗ｷゲｷデWゲ"SW"aWヴﾏWゲ"ふN7ぱ]†Nぶが"ゲﾗｷデ"Wﾐ"ﾏﾗ┞WﾐﾐW"ヱヲ"┗ｷゲｷデWゲ"SW"aWヴﾏWゲ"ヮ;ヴ"デﾗ┌ヴﾐYW"ふEｷｪ┌ヴW"
ヲヲぶく""
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Figure 22 : Nombre de tournées (axe des ordonnées) en fonction du nombre de visites réalisées (axe des 

abscisse) 

];" デ;HﾉW" ]ｷゲデWぱWﾐﾉ" ヴWｪヴﾗ┌ヮ;ｷデ" ヶ"ヰンン"ンΑΑ" WﾐﾉX┗WﾏWﾐデゲ" ふN7ぱ;d]ぶく" ]W" ﾐﾗﾏHヴW" ﾏﾗ┞Wﾐ"
SげWﾐﾉX┗WﾏWﾐデゲ"ヮ;ヴ"┗ｷゲｷデW"SW"aWヴﾏW"Yデ;ｷデ"SW"ヱがヱΒく"Αンヰ"ヴΓヱ"┗ｷゲｷデWゲ"ふヱヴがンХ"S┌"デﾗデ;ﾉ"SWゲ"┗ｷゲｷデWゲぶ"
ﾗﾐデ" SﾗﾐﾐY" ﾉｷW┌" <" ヮﾉ┌ゲ" Sげ┌ﾐ" WﾐﾉX┗WﾏWﾐデ" ふ~;HﾉW;┌" Αぶく" ΑΒ" ┗ｷゲｷデWゲ" ﾗﾐデ" SﾗﾐﾐY" ﾉｷW┌" <" ヲヰ"
WﾐﾉX┗WﾏWﾐデゲ"ﾗ┌"ヮﾉ┌ゲ"ふヮﾗ┌ヴ"┌ﾐ"ﾏ;┝ｷﾏ┌ﾏ"SW"ヵΓ"WﾐﾉX┗WﾏWﾐデゲぶく"

Tableau 7 : Nombre de visites en fonction du nombre d’enlèvements par visite 

Nb 
d’enlèvements 
dans la visite 

Nombre 
de visites 

Nb 
d’enlèvements 
dans la visite 

Nombre 
de 

visites 

Nb 
d’enlèvements 
dans la visite 

Nombre 
de 

visites 

Nb 
d’enlèvements 
dans la visite 

Nombre 
de 

visites 

1 4 370 629 6 2 881 11 134 16 20
2 594 714 7 1 284 12 108 17 13
3 98 867 8 686 13 54 18 14
4 23 890 9 376 14 51 19 17
5 7 010 10 262 15 34 >=20 83
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Tableau 8 : Nombre d’appels provenant de la même exploitation répétés dans la même journée 

Nb d'appels 
dans la 
journée 

Nombre 
d'occurrences

1 2 189 289
2 227 934
3 43 035
4 13 324
5 1 805
6 3 003
7 536
8 583
9 270
10 95

Nb d'appels 
dans la 
journée

Nombre 
d'occurrences

12 118
13 12
14 27
15 10
16 7
17 7
18 22
20 6
21 3
24 1

Nb d'appels 
dans la 
journée

Nombre 
d'occurrences

26 3
28 1
29 1
30 1
31 1
32 2
33 2
36 1
43 1
47 1
49 1
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Figure 23 : Distribution des âges au premier vêlage, pour les vaches présentes en France entre le 

01/01/2005 et le 31/12/2008 
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Figure 24 : Distribution des âges au premier vêlage, pour les vaches allaitantes (jaune) et laitières (rouge) 

présentes en France entre le 01/01/2005 et le 31/12/2008  
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Figure 25 : Nombre hebdomadaire d’entrées ‘Naissance’, de sorties ‘Boucherie’, de sorties ’Mortalité’, 

d’importations* et d’exportations* notifiées à la BDNI entre le 01/01/2005 et le 31/12/2008 en France 

* telles que définies au paragraphe 3.1.3.2
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Figure 26 : Nombre de vêlages (hors veaux mort-nés) au cours de l’année selon le type de production 

(agrégation des données 2005-2008) 
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Figure 27 : Distribution des effectifs selon l’âge à l’abattage des bovins abattus entre le 01/01/05 et le 

31/12/08 (échelle linéaire, tronquée à 1100 jours) 
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Figure 28 : Distribution des effectifs selon l’âge à l’abattage des bovins abattus entre le 01/01/05 et le 

31/12/08 (échelle logarithmique non tronquée) 
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Tableau 9 : Répartition des bovins ayant vécus entre 2005 et 2008 en France selon le nombre de 

mouvements d’une exploitation à une autre (en gras)

1"" 38 421 565"
2"" 11 066 535"
3"" 810 755"
4"" 124 664"
5"" 36 066"

6"""" 10 002"
7"""" 4 590"
8"""" 1 749"
9"""" 1 026"
10"""" 309"

11"""" 159"
12"""" 67"
13"""" 21"
14"""" 10"
15"""" 8"

16"""" 1"
17"""" 1"
18"""" 2"
19"""" 1"
27"""" 1"

29"""" 1"
47"""" 1"
65"""" 1"
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Figure 29 : Distribution des effectifs selon l’âge à l’exportation des bovins exportés entre le 01/01/05 et le 

31/12/08 (échelle linéaire, abscisse limitée à 1700 jours) 

Figure 30 : Distribution des effectifs selon l’âge à l’exportation des bovins exportés entre le 01/01/05 et le 

31/12/08 (échelle logarithmique) 

Figure 31 : Distribution des effectifs selon l’âge à l’exportation des bovins exportés entre le 01/01/05 et le 

31/12/08 (échelle linéaire, abscisse limitée à 1700 jours) 
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Figure 32 : Calcul du nombre hebdomadaire d’animal-jours pour un groupe d’âge n  
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Figure 33 : Densité de population bovine (en bovins-jours par hectare) par commune en 2005 
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Figure 34 : Densité de population bovine par commune en 2005 dans le cheptel allaitant (A) et le cheptel 

laitier (L) 
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Figure 35 : Temps de présence hebdomadaire au niveau national en animal-jours 
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Figure 36 : Temps de présence cumulés (en bovins-jours) par semaine et catégorie d’âge pour le 

Département du Doubs (en bas) et de la Saône-et-Loire (en haut)  
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Figure 37 : Temps de présence cumulés par semaine et catégorie d’âge dans le cheptel laitier (haut) et 

allaitant (bas) français 
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Figure 38 : Taux bruts de mortalité humaine à l’échelle des zones d’emploi (hommes à gauche, femmes à 

droite), 1988-1992 (Salem et al., 1999) 
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Figure 39 : Taux bruts de mortalité bovine par hexagone en 2005 
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Figure 40 : Taux comparatifs (standardisés sur l’âge) masculins de mortalité (25-59 ans) à l’échelle des 

zones d’emploi sur la période 1988-1992 (Rican et al., 2003) 
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Figure 41 : Indices comparatifs de mortalité bovine (SMR) par département en 2005, obtenus par 

standardisation sur l’âge et le type de production (population de référence : population nationale en 2005) 
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Figure 42 : Indices comparatifs de mortalité (SMR) bovine par hexagone en 2005, obtenus par 

standardisation sur l’âge et le type de production (population de référence : population nationale en 2005) 
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Figure 43 : SMR (standardisation sur l’âge et le type de production) par hexagone par année (2005-2008).  

La population de référence est la population nationale en 2005 
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Figure 44 : Série hebdomadaire du nombre de morts de bovins dans le Morbihan de 2003 à 2009. Les 

chiffres sur la courbe indiquent des pics inhabituels identifiés par le modèle. Selon les services vétérinaires 

locaux, les pics 1, 2 et 3 correspondent à des semaines pendant lesquelles ont été conduits des abattages 

sanitaires ESB (respectivement, 41, 53 et 9 animaux abattus). Le pic 10 est associé aux conséquences de la 

FCO, arrivée dans le département en août 2008 
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Figure 45 : Exemple de résumé (p.2) d’un rapport départemental sur la mortalité bovine (département 25) 
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Tableau 10 : Synthèse des remarques spontanément émises par les éleveurs pour chaque partie de la fiche 

Partie de la 
fiche 

Clair 
n (%) 

Intéressant 
n (%) 

Cohérent 
n (%) 

Remarques 

Données 
générales 

36 
(100) 

31 (86) 35 (97) 

- Informations déjà accessibles en exploitation (bilan 
annuel du GDS ou registre informatisé). 
- Le taux de mortalité brut incluant toutes les classes 
d’âge n’a pas vraiment de sens. 
-Bonne synthèse qui donne une idée de la réalité. 

Evolution sur 
10 ans 

33 
(92) 

34 (94) 36 (100) 

- Trop de classes d’âge. 
- L’évolution apporte un vrai plus par rapport aux 
informations disponibles dans l’exploitation. 
- Revoir les couleurs qui rendent la lecture difficile. 
- La mortalité des veaux pourrait être corrélée au cours 
des viandes. 

Evolution sur 
10 ans 

mortalité des 
veaux de 

moins de 7 
jours 

25 
(69) 

25 (69) 32 (89) 

- Un seuil à 15 ou 30 jours aurait été plus pertinent 
qu’un seuil à 7 jours. 
- Difficulté de lecture avec les légendes de part et 
d’autres ; taille du graphique trop petite. 
- Le graphique du département n’apporte pas grand-
chose. 
- La différenciation mâle/femelle n’apporte pas grand-
chose. 
- Les valeurs en proportion sont à relativiser dans les 
petits effectifs. 
- Les veaux croisés ne sont pas pris en compte dans les 
fiches pour les éleveurs laitiers ce qui fausse les 
résultats 

Comparaison 
mortalité des 
veaux avant 
2 et 7 jours 

34 
(94) 

32 (89) 31 (86) 

- Biais de déclaration des mort-nés (non déclaration ou 
décalage dans le temps). 
- Seuil à 15 ou 30 jours plutôt que 7 jours. 
- Préfèreraient des données agrégées sur une année au 
lieu de cinq. 
- Un peu redondant avec le graphique précédent. 
- Peu d’intérêt à séparer mâles et femelles. 
- La comparaison au groupe est un point positif. 

Risque de 
mortalité par 
classe d’âge 

23 
(64) 

26(72) 35 (97) 

- Explications supplémentaires indispensables. 
- La comparaison est bien parlante. 
- Le groupe de comparaison du tableau précédent serait 
plus pertinent. 
- Fait bien ressortir les problèmes. 
- Une barre pourrait être placée sur la moyenne ou la 
médiane du groupe. 
- Les classes d’âges sont à re-réfléchir (proposition : 
<15j, 15j à 6 mois, 6 mois à 2 ans, >2 ans) pour mieux 
coller à la réalité de terrain d’un point de vue gestion 
des animaux. 
- La légende est mal située, elle ne se voit pas. 

Score global 
de mortalité 

30 
(83) 

28 (78) 35 (97) 

- Le classement par rang des exploitations est un peu 
scolaire et ne passe pas très bien avec certains 
éleveurs. 
- Compliqué de premier abord. 
- Le groupe de comparaison devrait être le même que 
figure 4. 
- Fait doublon avec la figure précédente. 
- « Tout âge confondu » fait qu’on ne peut pas en tirer 
grand-chose pour modifier les pratiques. 
- Le texte explicatif est un point positif qui rend cette 
partie facilement abordable. 
- Le fait de pouvoir se situer a été apprécié. 
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 Système volontaire de registre d’élevage centralisé auquel peuvent accéder les éleveurs, les vétérinaires et les 

services vétérinaires. L’ensemble des données sanitaires de l’élevage sont ainsi regroupées dans une même 
base de données (données de production, saisies en abattoir, compte rendu des visites vétérinaires). 
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Tableau 11 : Répartition de la mortalité pour 17 exploitations à faible taux de mortalité (groupe T) et 63 

exploitations à fort taux de mortalité (groupe C) (en italique, la fréquence de la cause en %) (Jegou, 2006) 

Groupe T (17 élevages) Groupe C (63 élevages) 

Taux de mortalité moyen (%) 2,3 26,6 

Causes de mortalité 
(répartition en %) 

Vêlage 64 (1,4) 39 (10,3) 

Diarrhées 18 (0,4) 39 (10,3) 

Vêlages et diarrhées 6 (0,1) 11 (2,9) 

Problèmes respiratoires 0 (0) 5 (1,3) 

Diarrhées et problèmes 
respiratoires 

0 (0) 2 (0,5) 

Malformations 6 (0,1) 2 (0,5) 

Autre 6 (0,1) 2 (0,5) 
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Tableau 12: Causes principales de morts naturelles et par euthanasie des vaches laitières déclarées par les 

propriétaires de 196 vaches lors d’une enquête téléphonique (Thomsen et al., 2004) 

Raison primaire 
Morts non assistées (% 

de n=82) 
Morts par euthanasie (% 

de n=114) 
Morts totales (% de 

n=96) 

Accident 5 12 17 
Mort liée au vêlage 10 7 17 
Troubles digestifs 17 11 28 

Troubles locomoteurs 2 40 42 
Troubles métaboliques 15 8 23 
Troubles de la mamelle 11 8 19 

Autres causes 12 10 22 
Cause inconnue 28 4 32 
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Tableau 13 : Causes primaires de mort naturelles et par euthanasie déclarées par les propriétaires de 

3 115 vaches issues de 2 815 exploitations danois enregistrées dans la Danish Cattle Database (Thomsen 

and Sorensen, 2009) 

Raison primaire 
Morts non assistées 

(% de n=3115) 
Morts par euthanasie 

(% de n=787) 
Morts totales (% de 

n=2328) 

Accident 13,9 20,3 15,5 
Troubles locomoteurs 12,2 22,4 14,8 

Troubles métaboliques et digestifs 25,4 21,2 24,3 
Mammites 7,5 5,2 6,9 

Autres causes 23,9 22,5 23,6 
Cause inconnue 17,1 8,4 14,9 
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Tableau 14 : Fréquence des troubles observés parmi les 73 vaches laitières mortes ou réformées en 

Bretagne (Faye and Pérochon, 1995) 

Maladies 
Morts par euthanasie (% 

de n=73) 

Troubles traumatiques 6,8 
Troubles digestifs 13,6 

Mauvais état général 13,6 
Traumatisme de la mamelle 3,9 

Mammites 21,9 
Troubles nutritionnels 41 

Troubles podaux 9,5 
Troubles de la reproduction 27,2 

Troubles du vêlage 16,4 
Autres maladies 30,1 
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Tableau 15 : Principales causes de morts de bovins identifiées parmi 184 cas (euthanasies et morts 

naturelles confondues) au Canada (Waldner et al., 2009) 

Diagnostic de la cause de mort immédiate 
Proportion sur les 184 causes de morts expliquées 

(nombre) 

Réticulo-péritonite traumatique 8(15) 

Néoplasie maligne 7(13) 

Blessures liées au vêlage 7(12) 

Tympanie du rumen 6(11) 

Myopathie 6(11) 

Pneumonie 6(10) 

Autres causes connues 30 (56) 

Causes inconnues 30 (56) 
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Tableau 16: Liste des chapitres de la classification internationale des maladies

Chapitre Code Titre 

I A00-B99 Certaines maladies infectieuses et parasitaires 

II C00-D48 Tumeurs 

III D50-D89 Maladies du sang et des organes hématopoïétiques et certains troubles du système immunitaire 

IV E00-E90 Maladies endocriniennes, nutritionnelles et métaboliques 

V F00-F99 Troubles mentaux et du comportement 

VI G00-G99 Maladies du système nerveux 

VII H00-H59 Maladies de l'œil et de ses annexes 

VIII H60-H95 Maladies de l'oreille et de l'apophyse mastoïde 

IX I00-I99 Maladies de l'appareil circulatoire 

X J00-J99 Maladies de l'appareil respiratoire 

XI K00-K93 Maladies de l'appareil digestif 

XII L00-L99 Maladies de la peau et du tissu cellulaire sous-cutané 

XIII M00-M99 Maladies du système ostéo-articulaire, des muscles et du tissu conjonctif 

XIV N00-N99 Maladies de l'appareil génito-urinaire 

XV O00-O99 Grossesse, accouchement et puerpéralité 

XVI P00-P96 Certaines affections dont l'origine se situe dans la période périnatale 

XVII Q00-Q99 Malformations congénitales et anomalies chromosomiques 

XVIII R00-R99 Symptômes, signes et résultats anormaux d'examens cliniques et de laboratoire, non classés 
ailleurs 

XIX S00-T98 Lésions traumatiques, empoisonnements et certaines autres conséquences de causes externes 

XX V01-Y98 Causes externes de morbidité et de mortalité 

XXI Z00-Z99 Facteurs influant sur l'état de santé et motifs de recours aux services de santé 

XXII U00-U99 Codes d'utilisation particulière 
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Tableau 17 : Nombre de morts notifiés et taux de mortalité par cause et type de production dans le Grand 

Ouest du 7 août 2000 au 16 mars 2001  

Allaitants 
(Population moyenne sur la période : 1,2 

millions d’animaux)

Laitiers 
(Population moyenne sur la période : 2,5 

millions d’animaux)

Causes de mort 
Nombre de morts 

(%) 
Taux de 

mortalité* 
Nombre de morts 

(%) 
Taux de 

mortalité* 

Autres causes 2 303 (18) 4,06 5 703 (16,6) 5,08 

Vêlage difficile 1 832 (14,3) 3,23 3 920 (11,4) 3,49

Accident 1 467 (11,5) 2,59 4 602 (13,4) 4,1 

Syndrome entérique 1 020 (8) 1,8 2 004 (5,8) 1,78 

Cause inconnue 992 (7,8) 1,75 1 517 (4,4) 1,35 

Mauvais état général 522 (4,1) 0,92 984 (2,9) 0,88 

Boiterie 338 (2,6) 0,6 1 413 (4,1) 1,26 

Problème respiratoire 299 (2,3) 0,53 842 (2,4) 0,75 

Corps étranger 241 (1,9) 0,43 816 (2,4) 0,73 

Problème cardiaque 164 (1,3) 0,29 753 (2,2) 0,67 

Occlusion, torsion 
digestive 

143 (1,1) 0,25 1 368 (4) 1,22 

Mammites 74 (0,6) 0,13 1 816 (5,3) 1,62 

Fièvre de lait 40 (0,3) 0,07 1 251 (3,6) 1,11 

Non renseignée 3 349 (26,2) 5,91 7 437 (21,6) 6,62 

Totaux 12 784 (100) 22,55 34 426 (100) 30,6 
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Figure 46 : Répartition des différentes causes de mort chez les bovins allaitants (à gauche) et laitiers (à 

droite) parmi les 36 424 morts renseignées dans le Grand Ouest du 7 août 2000 au 16 mars 2001 
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Figure 47 : Taux de mortalité moyen sur la période d'étude (par 1 000 bovins-années) par cause de mort 

en fonction du type de production dans le Grand Ouest du 7 août 2000 au 16 mars 2001
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Figure 48 : Distribution des causes de morts dues à un vêlage difficile chez les vaches allaitantes (1 832 cas, 

à gauche) et chez les vaches laitières (3 920 cas, à droite) dans le Grand Ouest du 7 août 2000 au 16 mars 

2001 
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Figure 49 : Distribution des causes de mort par syndrome entéritique chez les bovins allaitants (1 020 cas, 

à gauche) et chez les laitiers (2 004 cas, à droite) dans le Grand Ouest du 7 août 2000 au 16 mars 2001
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Tableau 18 : Principales causes de mort regroupées dans la catégorie "autres causes" 

Autres causes 
Nombre de 

morts 
Autres causes 

Nombre 
de morts 

Péritonite 1259 Néoplasie 188 

Vache couchée* 871 Acétonémie 176 

Météorisation 717 Piroplasmose 159 

Autres hémorragies 541 Charbon 37 

Tétanie 495 Listériose 36 

Hépatopathie 471 Actinobacillose 21 

Infection non spécifiée (abcès, 
septicémie, phlegmon) 

464 Botulisme 18 

Hémorragie digestive, ulcère de la 
caillette 

442 Tétanos 17 

Acidose 332 Actinomycose 15 

Problème urinaire 299 Alcalose 15 

Intoxication, envenimation, allergie 285 Anaplasmose 10 

Phénomène inflammatoire 198 Suspicion d’ESB 6 

Trouble nerveux 195 Divers 739 
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Tableau 19 : Evolution mensuelle des taux de mortalité (pour 1 000 bovins-années) par cause chez les 

bovins allaitants et laitiers (le mois de janvier 2001 n'a pas été représenté pour cause d'interruption du 

programme pendant la plus grande partie de ce mois)

Allaitants Août-00 Sept-00 Oct-00 Nov-00 Déc-00 Fév-01

Accident 1,83 2,05 1,71 1,56 2,07 3,87 

Autres causes 2,30 2,78 3,93 4,29 3,72 4,90 

Boiterie 0,54 0,28 0,37 0,58 0,58 0,75 

Cause inconnue 0,71 0,61 1,19 1,84 1,82 2,68 

Corps étranger 0,31 0,30 0,32 0,44 0,39 0,48 

Fièvre de lait 0,04 0,08 0,08 0,09 0,09 0,04 

Mammites 0,14 0,08 0,09 0,12 0,1 0,19 

Mauvais état général 0,39 0,32 0,34 0,39 0,75 2,10 

Occlusion, torsion digestive 0,14 0,13 0,22 0,24 0,24 0,39 

Problème cardiaque 0,17 0,22 0,26 0,23 0,21 0,47 

Problème respiratoire 0,51 0,52 0,50 0,44 0,34 0,67 

Syndrome entérique 1,13 1,09 1,67 1,83 1,64 2,39 

Vêlage difficile 2,48 2,47 2,30 2,59 2,31 4,57 

Laitiers Août-00 Sept-00 Oct-00 Nov-00 Déc-00 Fév-01 

Accident 2,80 3,32 3,11 3,12 3,27 5,77 

Autres causes 3,34 3,99 5,17 4,94 4,63 5,64 

Boiterie 0,73 0,71 0,87 1,26 1,20 1,80 

Cause inconnue 0,58 0,72 1,01 1,21 1,57 1,96 

Corps étranger 0,53 0,59 0,76 0,67 0,65 0,83 

Fièvre de lait 1,36 1,22 0,96 1,19 0,80 0,79 
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Mammites 1,18 1,19 1,24 1,55 1,78 1,79 

Mauvais état général 0,29 0,38 0,52 0,68 0,76 1,66 

Occlusion, torsion digestive 0,72 0,87 1,10 1,20 1,17 1,52 

Problème cardiaque 0,40 0,49 0,62 0,61 0,77 0,70 

Problème respiratoire 0,66 0,51 0,65 0,81 0,77 0,82 

Syndrome entérique 1,11 1,36 1,45 1,84 1,75 2,32 

Vêlage difficile 2,66 2,99 3,40 3,95 3,48 3,08 
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Tableau 20: Simulation de taux de sondages sur les données EDI-SPAN 2008-2009 

Catégorie EDI-
SPAN 

Age 
Nombre 

d’enlèvements 
Taux de 

sondage T1 
Nombre d'animaux qui 

auraient été tirés 

BVINF20J [0 -20 jours] 729 028 0,01 7 290 

BVINF6M [20 jours-6 mois] 236 079 0,03 7 082 

BVINF9M [6 - 9 mois] 43 743 0,1 4 374 

BVINF12M [9 - 12 mois] 31 040 0,1 3 104 

BVINF18M [12 - 18 mois] 36 874 0,1 3 687 

BVINF24M [18- 24 mois] 21 815 0,1 2 181 

BVISUP2A [24 mois - ı] 314 108 0,07 21 987 

TOTAL  1 412 813 0,0352 49 695 
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Figure 50: Capture d'écran de l'application "Enquête Causes de Mortalité des Bovins" 
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IWデデW" I;デYｪﾗヴｷW" Sげ>ｪW" Yデ;ｷWﾐデ" ﾉWゲ" Sｷ;ヴヴｴYWゲ" ふヲヴがヱХぶが" ﾉWゲ" ┗W;┌┝" ﾏﾗ┌ゲ" ふΒがΑХぶが" ﾉWゲ" I;┌ゲWゲ"
ｷﾐIﾗﾐﾐ┌Wゲ"ふΒがヲХぶ"Wデ"ﾉWゲ"ﾏ;ﾉaﾗヴﾏ;デｷﾗﾐゲ"SW"ﾐ;ｷゲゲ;ﾐIW"ふΑがヶХぶ"ふ~;HﾉW;┌"ヲヱぶく""
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Tableau 21: Répartition des différentes causes de mort chez les veaux de moins de 20 jours 

Causes de mort 
Nombre de 

morts 
Fréquence 

(%) 

Pas de réponse (NR) 12 - 

Problème respiratoire 69 5,9 

Diarrhée 280 24,1 

Gros nombril 20 1,7 

Arthrite 8 0,7 

Malformation de naissance 88 7,6 

Problème de pied ou de patte 3 0,3 

Accident 47 4,1 

Raide, tétanie 2 0,2 

Météorisation 10 0,9 

Veau faible ou mou 101 8,7 

Hémorragie 10 0,9 

Autre cause 427 36,8 

Cause inconnue 95 8,2 

Total (sans les NR) 1 160 100 

]Wゲ"た"#┌デヴWゲ"I;┌ゲWゲ"だ"Yデ;ｷWﾐデ"Iﾗﾐゲデｷデ┌YWゲ"<"ΒヵХ"┗W;┌┝"ﾏﾗヴデゲ"ゲ┌ｷデW"<"SW"ヮヴﾗHﾉXﾏWゲ"SW"┗Zﾉ;ｪW"
ふ~;HﾉW;┌" ヲヲぶく" 1WデデW" I;┌ゲW" ﾐげ;┗;ｷデ" ヮ;ゲ" YデY" ｷﾐゲYヴYW" S;ﾐゲ" ﾉ;" ﾉｷゲデW" SWゲ" ヮヴﾗヮﾗゲｷデｷﾗﾐゲ" I;ヴ" ﾉWゲ"
ケ┌Wゲデｷﾗﾐﾐ;ｷヴWゲ"ﾐW"SW┗;ｷWﾐデ"ｷﾐｷデｷ;ﾉWﾏWﾐデ"ヮ;ゲ"ZデヴW";SヴWゲゲYゲ";┌┝"ヮヴﾗヮヴｷYデ;ｷヴWゲ"SW"┗W;┌┝"ﾏﾗヴデゲ"
;┗;ﾐデ" ヴΒｴ" ふIW"ケ┌ｷ" aｷﾐ;ﾉWﾏWﾐデ"ﾐげ;" ヮ;ゲ" YデY"ヮﾗゲゲｷHﾉW" IﾗﾏヮデWどデWﾐ┌"SW" ﾉげ;HゲWﾐIW" aヴYケ┌WﾐデW"SW"
ﾉげ>ｪW"ヴYWﾉ"SWゲ"┗W;┌┝"ﾏﾗヴデゲ"S;ﾐゲ"ﾉ;"H;ゲW"SW"SﾗﾐﾐYWゲ"┌デｷﾉｷゲYW"ヮﾗ┌ヴ"ﾉW"デｷヴ;ｪW";┌"ゲﾗヴデぶく""

Tableau 22: Précision des "autres causes" chez les bovins de moins de 20 jours 

"Autres causes" détaillées Nombre d'occurrences Fréquence (%) 

Autre occlusion 2 0,5 

Cardiaque 3 0,7 

Corps étranger 2 0,5 

Divers 39 9,1 

Entérotoxémie 3 0,7 

Hémorragie digestive, ulcère de la caillette 4 0,9 

Mauvais état général 3 0,7 

Phénomène infectieux 5 1,2 

Problème suite vêlage 362 84,8 

Problème urinaire 1 0,2 

Réaction anaphylactique 1 0,2 

Trouble nerveux 2 0,5 

Total 427 100 



1ｴ;ヮｷデヴW"ヲ"

ヱΑヰ"
"

ヵくンくンくヲ †W;┌┝"SW"ヲヰ"ﾃﾗ┌ヴゲ"<"ゲｷ┝"ﾏﾗｷゲ"

1ｴW┣" ﾉWゲ"Hﾗ┗ｷﾐゲ" ﾉ;ｷデｷWヴゲ"SW"ヲヰ" ﾃﾗ┌ヴゲ"<" ゲｷ┝"ﾏﾗｷゲが" ﾉWゲ"ヮヴﾗHﾉXﾏWゲ" ヴWゲヮｷヴ;デﾗｷヴWゲ"Wデ" ﾉWゲ"Sｷ;ヴヴｴYWゲ"
Yデ;ｷWﾐデ"IｷデYゲ"<"ヮ;ヴデ"Yｪ;ﾉW"S;ﾐゲ"ﾉWゲ"I;┌ゲWゲ"SW"ﾏﾗヴデゲ"ふ~;HﾉW;┌"ヲンぶく"]Wゲ"WﾐデYヴｷデWゲ"ヴWヮヴYゲWﾐデ;ｷWﾐデ"
IｴW┣"ﾉWゲ"ﾉ;ｷデｷWヴゲ"┌ﾐW"I;┌ゲW"SW"ﾏﾗヴデ"ヮヴﾗヮﾗヴデｷﾗﾐﾐWﾉﾉWﾏWﾐデ"SW┌┝"aﾗｷゲ"ヮﾉ┌ゲ"ｷﾏヮﾗヴデ;ﾐデW"ケ┌W"IｴW┣"
ﾉWゲ";ﾉﾉ;ｷデ;ﾐデゲく"]Wゲ"ﾏ;ﾉaﾗヴﾏ;デｷﾗﾐゲ"SW"ﾐ;ｷゲゲ;ﾐIW"Yデ;ｷWﾐデ"IｷデYWゲ"S;ﾐゲ"ヴがヵХ"SWゲ"I;┌ゲWゲ"SW"ﾏﾗヴデゲ"
SWゲ"┗W;┌┝";ﾉﾉ;ｷデ;ﾐデゲ"IﾗﾐデヴW"ヲがヱХ"IｴW┣"ﾉWゲ"Hﾗ┗ｷﾐゲ"ﾉ;ｷデｷWヴゲく""

Tableau 23: Répartition des différentes causes de mort chez les veaux laitiers et allaitants de 20 jours à six 

mois 

Causes de mort 

Laitiers Allaitants Total 

Nombre 
Fréquence 

(%) 
Nombre 

Fréquence 
(%) 

Nombre 
Fréquence 

(%) 

NR 2 NC 7 NC 9 0,6 

Problème respiratoire 140 29,0 272 29,7 412 29,4 

Diarrhée 131 27,2 127 13,8 258 18,4 

Gros nombril 10 2,1 22 2,4 32 2,3 

Arthrite 12 2,5 23 2,5 35 2,5 

Malformation de 
naissance

10 2,1 41 4,5 51 3,6 

Problème de pied ou de 
patte

4 0,8 3 0,3 7 0,5 

Accident 26 5,4 73 8,0 99 7,1 

Raide, tétanie 1 0,2 7 0,8 8 0,6 

Météorisation 45 9,3 80 8,7 125 8,9 

Veau faible ou mou 26 5,4 54 5,9 80 5,7 

Hémorragie 6 1,2 11 1,2 17 1,2 

Autre cause 41 8,5 111 12,1 152 10,9 

Cause inconnue 30 6,2 93 10,1 123 8,8 

Total (sans les NR) 482 100,0 917 100,0 1399 100,0 

1ｴW┣"ﾉWゲ"Hﾗ┗ｷﾐゲ"SW"ヲヰ"ﾃﾗ┌ヴゲ"<"ゲｷ┝"ﾏﾗｷゲが"ﾉWゲ"た"#┌デヴWゲ"I;┌ゲWゲ"だ"Yデ;ｷWﾐデ"┗;ヴｷYWゲく"v;ヴﾏｷ"IWﾉﾉWゲどIｷが"
ﾉWゲ"ヮﾉ┌ゲ"ヴWヮヴYゲWﾐデYWゲ"Yデ;ｷWﾐデ"ﾉWゲ"ヮヴﾗHﾉXﾏWゲ"I;ヴSｷ;ケ┌Wゲが"ﾉWゲ"WﾐデYヴﾗどデﾗ┝YﾏｷWゲが"ﾉWゲ"┌ﾉIXヴWゲ"SW"ﾉ;"
I;ｷﾉﾉWデデW"Wデ"ﾉWゲ"ｴYﾏﾗヴヴ;ｪｷWゲ"SｷｪWゲデｷ┗Wゲが"ﾉWゲ"ヮYヴｷデﾗﾐｷデWゲ"Wデ"ﾉWゲ"ヮヴﾗHﾉXﾏWゲ"ゲ┌ｷデW";┌"┗Zﾉ;ｪWく""

7げ;ヮヴXゲ" ﾉW" デWゲデ" S┌" [ｴｷヲ" ふヮ" аヰがヰヱぶが" ﾉ;" ヴYヮ;ヴデｷデｷﾗﾐ" SWゲ" I;┌ゲWゲ" SW"ﾏﾗヴデ" Yデ;ｷデ" ゲｷｪﾐｷaｷI;デｷ┗WﾏWﾐデ"
SｷaaYヴWﾐデW" ゲWﾉﾗﾐ" ﾉW" デ┞ヮW" SW" ヮヴﾗS┌Iデｷﾗﾐく" 1WデデW" SｷaaYヴWﾐIW" ヮW┌デ" ;┗ﾗｷヴ" SWゲ" ﾗヴｷｪｷﾐWゲ"
┣ﾗﾗデWIｴﾐｷケ┌Wゲ"ﾗ┌"ｪYﾐYデｷケ┌Wゲ"ケ┌げｷﾉ"ゲWヴ;"ﾐYIWゲゲ;ｷヴW"SげW┝ヮﾉﾗヴWヴく"

ヵくンくンくン 0ﾗ┗ｷﾐゲ"SW"ゲｷ┝"ﾏﾗｷゲ"<"SW┌┝";ﾐゲ""

]Wゲ"I;┌ゲWゲ"SW"ﾏﾗヴデ" ﾉWゲ"ヮﾉ┌ゲ"ゲﾗ┌┗Wﾐデ"ヴWﾐIﾗﾐデヴYWゲ"IｴW┣"ﾉWゲ"ﾃW┌ﾐWゲ"Hﾗ┗ｷﾐゲ"SW"ゲｷ┝"ﾏﾗｷゲ"<"SW┌┝"
;ﾐゲ"Yデ;ｷWﾐデ"ｷSWﾐデｷケ┌Wゲ"S;ﾐゲ"ﾉWゲ"SW┌┝"デ┞ヮWゲ"SW"ヮヴﾗS┌Iデｷﾗﾐ"ふ~;HﾉW;┌"ヲヴぶ"ぎ";IIｷSWﾐデゲが"ヮヴﾗHﾉXﾏWゲ"
ヴWゲヮｷヴ;デﾗｷヴWゲが"Sｷ;ヴヴｴYWゲ"Wデ"I;┌ゲWゲ"ｷﾐIﾗﾐﾐ┌Wゲく"]W"デWゲデ"S┌"[ｴｷヲ"ﾏﾗﾐデヴW"デﾗ┌デWaﾗｷゲ"┌ﾐW"SｷaaYヴWﾐIW"
ゲｷｪﾐｷaｷI;デｷ┗W" S;ﾐゲ" ﾉ;" ヴYヮ;ヴデｷデｷﾗﾐ" SWゲ" I;┌ゲWゲ" SW"ﾏﾗヴデ" WﾐデヴW" ﾉWゲ" Hﾗ┗ｷﾐゲ" ﾉ;ｷデｷWヴゲ" Wデ" ﾉWゲ" Hﾗ┗ｷﾐゲ"
;ﾉﾉ;ｷデ;ﾐデゲ"ふヮ"аヰがヰヱぶく"
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Tableau 24: Répartition des différences causes de mort chez les bovins laitiers et allaitants de six mois à 

deux ans 

Causes de mort Laitier Allaitant Total 

Nombre Fréquence 
(%) 

Nombre Fréquence 
(%) 

Nombre Fréquence 
(%) 

NR 10 NC 0 NC 10 NC 

Accident 207 24,1 281 20,0 488 21,5 

Vêlage difficile 16 1,9 14 1,0 30 1,3 

Entérite, diarrhée 85 9,9 139 9,9 224 9,9 

Mammite 0 0,00 1 0,1 1 0,0 

Occlusion, torsion 
digestive

32 3,7 81 5,8 113 5,0 

Boiterie 8 0,9 35 2,5 43 1,9 

Fièvre de lait 0 0 0 0 0 0 

Corps étranger 29 3,4 32 2,3 61 2,7 

Problème respiratoire 221 25,8 406 28,8 627 27,7 

Problème cardiaque 29 3,4 63 4,5 92 4,1 

Mauvais état général 64 7,5 62 4,4 126 5,6 

Autre cause 59 6,9 126 8,9 185 8,2 

Ne sait pas 107 12,5 168 11,9 275 12,1 

Total 857 100,0 1 408 100,0 2 265 100,0 

]Wゲ";┌デヴWゲ"I;┌ゲWゲ"Yデ;ｷWﾐデ"┗;ヴｷYWゲ"Wデ"ﾐﾗﾏHヴW┌ゲWゲが";┗WI"ﾉ;"ヮヴYゲWﾐIW"SW"ﾏ;ﾉ;SｷWゲ"ｷﾐaWIデｷW┌ゲWゲ"
Wデ"SW"ﾏ;ﾉ;SｷWゲ"ヴYｪﾉWﾏWﾐデYWゲ"ぎ" デヴﾗｷゲ"I;ゲ"SW" aｷX┗ヴW"I;デ;ヴヴｴ;ﾉW"ﾗ┗ｷﾐW";ﾉﾗヴゲ"ケ┌げ;┌I┌ﾐ"aﾗ┞Wヴ"ﾐげ;"
YデY"SYIﾉ;ヴY"Wﾐ"Eヴ;ﾐIW"ヮWﾐS;ﾐデ"ﾉ;"S┌ヴYW"SW"ﾉげYデ┌SWが";ｷﾐゲｷ"ケ┌げ┌ﾐ"I;ゲ"SW"ﾉｷゲデYヴｷﾗゲW"Wデ"┌ﾐ"I;ゲ"SW"
デYデ;ﾐﾗゲく"7W┌┝"SWゲ"ﾃW┌ﾐWゲ"Hﾗ┗ｷﾐゲ"SW"ゲｷ┝"ﾏﾗｷゲ"<"SW┌┝";ﾐゲ"Yデ;ｷWﾐデ"ﾏﾗヴデゲ"SW"ﾐYﾗヮﾉ;ゲｷW"ゲWﾉﾗﾐ"ﾉWゲ"
YﾉW┗W┌ヴゲく"

ヵくンくンくヴ 0ﾗ┗ｷﾐゲ"SW"ヮﾉ┌ゲ"SW"SW┌┝";ﾐゲ"

7W┌┝"I;┌ゲWゲ"SW"ﾏﾗヴデ"ヮヴｷﾐIｷヮ;ﾉWゲ"Yデ;ｷWﾐデ"ﾗHゲWヴ┗YWゲ"IｴW┣"ﾉWゲ"Hﾗ┗ｷﾐゲ"SW"ヮﾉ┌ゲ"SW"SW┌┝";ﾐゲ"デﾗ┌デ"
デ┞ヮW"SW"ヮヴﾗS┌Iデｷﾗﾐ"IﾗﾐaﾗﾐS┌"ぎ"ﾉWゲ";IIｷSWﾐデゲ"ふヲヱХ"SWゲ"ﾏﾗヴデゲぶ"Wデ"ﾉWゲ"┗Zﾉ;ｪWゲ"SｷaaｷIｷﾉWゲ"ふヱΒがヲХぶく"
1Wゲ" I;┌ゲWゲ" Yデ;ｷWﾐデ" ゲ┌ｷ┗ｷWゲ" S;ﾐゲ" ┌ﾐW"ﾏﾗｷﾐSヴW"ﾏWゲ┌ヴW" SWゲ" I;┌ゲWゲ" ｷﾐIﾗﾐﾐ┌Wゲ" ふΓがヶХぶ" Wデ" SWゲ"
Iﾗヴヮゲ"Yデヴ;ﾐｪWヴゲ"ふΒがΓХぶく"]Wゲ"た"#┌デヴWゲ"I;┌ゲWゲ"だ"ﾐW"ヴWヮヴYゲWﾐデ;ｷWﾐデ"ケ┌W"ヶがヵХ"SWゲ"I;┌ゲWゲ"IｴﾗｷゲｷWゲ"
ヮ;ヴ"ﾉWゲ"YﾉW┗W┌ヴゲ"ふ~;HﾉW;┌"ヲヵぶく"
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Tableau 25: Répartition des différentes causes de mort chez les bovins laitiers et allaitants de plus de deux 

ans 

Causes de mort 
Laitier Allaitant Total 

Nombre 
Fréquence 

(%) 
Nombre 

Fréquence 
(%) 

Nombre 
Fréquence 

(%) 

NR 8 NC 9 0,6 17 0,4 

Accident 598 22,0 312 19,4 910 21,0 

Vêlage difficile 339 12,4 451 28,0 790 18,2 

Entérite, diarrhée 126 4,6 101 6,3 227 5,2 

Mammite 158 5,8 9 0,6 167 3,9 

Occlusion, torsion 
digestive

204 7,5 87 5,4 291 6,7 

Boiterie 151 5,5 36 2,2 187 4,3 

Fièvre de lait 131 4,8 3 0,2 134 3,1 

Corps étranger 264 9,7 122 7,6 386 8,9 

Problème respiratoire 110 4,0 46 2,9 156 3,6 

Problème cardiaque 135 5,0 67 4,2 202 4,7 

Mauvais état général 112 4,1 66 4,1 178 4,1 

Autre cause 148 5,4 133 8,3 281 6,5 

Ne sait pas 247 9,1 170 10,5 417 9,6 

Total (sans les non 
répondant)

2 723 100,0 1 612 100,0 4 335 100,0 

];" SｷゲデヴｷH┌デｷﾗﾐ" SWゲ" I;┌ゲWゲ" SW" ﾏﾗヴデ" ゲWﾉﾗﾐ" ﾉW" デ┞ヮW" SW" ヮヴﾗS┌Iデｷﾗﾐ" Yデ;ｷデ" ゲｷｪﾐｷaｷI;デｷ┗WﾏWﾐデ"
SｷaaYヴWﾐデW"S;ﾐゲ"IWデデW"I;デYｪﾗヴｷW"Sげ>ｪW"ゲWﾉﾗﾐ"ﾉW"デWゲデ"S┌"ﾆｴｷヲ"ふヮа"ヰがヰヱぶく"]Wゲ"ﾏﾗヴデゲ"S┌Wゲ";┌"┗Zﾉ;ｪW"
ヴWヮヴYゲWﾐデ;ｷWﾐデ"┌ﾐW"ヮヴﾗヮﾗヴデｷﾗﾐ"SW"I;┌ゲWゲ"SW"ﾏﾗヴデ"SW┌┝"aﾗｷゲ"ヮﾉ┌ゲ"ｷﾏヮﾗヴデ;ﾐデW"IｴW┣"ﾉWゲ"┗;IｴWゲ"
;ﾉﾉ;ｷデ;ﾐデWゲ"ケ┌W"IｴW┣"ﾉWゲ"┗;IｴWゲ"ﾉ;ｷデｷXヴWゲく"1WﾉﾉWゲどIｷ"Wﾐ"ヴW┗;ﾐIｴW"ヮヴYゲWﾐデ;ｷWﾐデ"SWゲ"ヮヴﾗヮﾗヴデｷﾗﾐゲ"
SW"ﾏﾗヴデ"ヮ;ヴ"ﾏ;ﾏﾏｷデW"ﾗ┌"SW"aｷX┗ヴW"SW"ﾉ;ｷデ"HW;┌Iﾗ┌ヮ"ヮﾉ┌ゲ"ｷﾏヮﾗヴデ;ﾐデWゲ";ﾉﾗヴゲ"ケ┌W"IW"ゲﾗﾐデ"SWゲ"
I;┌ゲWゲ" SW" ﾏﾗヴデ" ;ﾐWISﾗデｷケ┌Wゲ" Wﾐ" ヮヴﾗS┌Iデｷﾗﾐ" ;ﾉﾉ;ｷデ;ﾐデW" ふWﾐ┗ｷヴﾗﾐ" ┣Yヴﾗ" Wデ" ヱХぶく" ]Wゲ" I;┌ゲWゲ"
ｷﾐIﾗﾐﾐ┌Wゲ"Yデ;ｷWﾐデ"ヴWﾉ;デｷ┗WﾏWﾐデ"aヴYケ┌WﾐデWゲ"S;ﾐゲ"ﾉWゲ"SW┌┝"デ┞ヮWゲ"SW"ヮヴﾗS┌Iデｷﾗﾐが"ヴWヮヴYゲWﾐデ;ﾐデ"
ヮヴXゲ"SW"ヱヰХ"SWゲ"I;ゲく"

†ﾗｷヴ" ふ0ﾗｷゲゲ;ヴSが" ヲヰヱヱぶ" ヮﾗ┌ヴ" ┌ﾐW" SWゲIヴｷヮデｷﾗﾐ" ヮﾉ┌ゲ" SYデ;ｷﾉﾉYW" SW" IWヴデ;ｷﾐWゲ" I;┌ゲWゲ" SW" ﾏﾗヴデが"
ﾐﾗデ;ﾏﾏWﾐデ" SWゲ" ;IIｷSWﾐデゲが" SWゲ" ﾏ;ﾏﾏｷデWゲが" SWゲ" WﾐデYヴｷデWゲが" WデIく" dﾗ┌ゲ" ﾐW" SY┗WﾉﾗヮヮWヴﾗﾐゲ" Iｷど
;ヮヴXゲ"ケ┌W"ﾉWゲ"ﾏﾗヴデゲ"ヴWﾉ;デｷ┗Wゲ";┌"┗Zﾉ;ｪWく"

ヵくンくヴ †Zﾉ;ｪW"Wデ"ﾏﾗヴデ"

]W"┗Zﾉ;ｪW"Wゲデ"┌ﾐ"ﾏﾗﾏWﾐデ"IﾉY"S;ﾐゲ"ﾉW"I┞IﾉW"SW"ﾉ;"ヮヴﾗS┌Iデｷﾗﾐが";ゲゲﾗIｷY"<"┌ﾐ"ヴｷゲケ┌W"SW"ﾏﾗヴデ;ﾉｷデY"
;IIヴ┌が" S┌Wゲ" ;┌┝" S┞ゲデﾗIｷWゲ" ;ｷﾐゲｷ" ケ┌げ;┌┝" デヴﾗ┌HﾉWゲ" ﾏYデ;Hﾗﾉｷケ┌Wゲ" ﾗ┌" ;┌┝" ｷﾐaWIデｷﾗﾐゲ" ヮﾗ┌┗;ﾐデ"
ゲ┌ヴ┗Wﾐｷヴ"<"ﾉ;"ゲ┌ｷデW"S┌"┗Zﾉ;ｪWく"7;ﾐゲ"ﾐﾗデヴW"Wﾐケ┌ZデWが"┌ﾐ"┗Zﾉ;ｪW"SｷaaｷIｷﾉW"Yデ;ｷデ"IｷデY"IﾗﾏﾏW"I;┌ゲW"
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Figure 51 : Délai en jours entre la mort et le vêlage chez les vaches laitières (à gauche) et allaitantes (à 

droite) 
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Figure 52: Détail du nombre de vaches mortes dans les 13 jours après le vêlage chez les vaches laitières (à 

gauche) et allaitantes (à droite) 
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Tableau 26: Répartition des causes détaillées de morts dues à un vêlage difficile chez les vaches laitières et 

allaitantes de plus de 2 ans 

Détail des vêlages difficiles 
Laitier Allaitant 

Nombre Fréquence (%) Nombre Fréquence (%) 

Autre infection post partum 12 3,6 12 2,7 

Autre mort suite vêlage 86 25,8 67 15,2 

Césarienne et extraction forcée 34 10,2 58 13,2 

Dystocie d'origine fœtale et avortement 50 15,0 57 13,0 

Hémorragie et déchirure obstétricale 44 13,2 110 25,0 

Métrite 5 1,5 3 0,7 

Renversement et torsion de matrice 48 14,4 112 25,5 

Trouble locomoteur post partum 54 16,2 21 4,8 

Total 333 100,0 440 100,0 
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Tableau 27: Proportion des bovins de plus de six mois euthanasiés selon les causes de mort 

Laitiers (%) Allaitants (%) Total (%) 

6 mois 
à 2 ans

Plus 
de 2 
ans 

Total 
6 mois 
à 2 ans

Plus 
de 2 
ans 

Total 
6 mois 
à 2 ans

Plus 
de 2 
ans 

Total 

Accident 21,5 58,4 49,2 19,9 20,1 20,0 20,6 45,6 37,0 

Vêlage difficile 18,8 36,1 35,3 38,5 13,7 14,4 27,6 23,5 23,6 

Entérite, diarrhée 19,3 28,6 24,9 5,1 13,1 8,5 10,5 21,8 16,2 

Mammite 0,0 33,8 33,8 0,0 33,3 30,0 0,0 33,7 33,5 

Occlusion, 
 torsion digestive 

6,5 24,0 21,6 7,8 11,8 9,9 7,4 20,4 16,8 

Boiterie 50,0 54,0 53,8 37,1 44,4 40,8 39,5 52,2 49,8 

Fièvre de lait 0,0 33,3 33,3 0,0 0,0 0,0 0,0 32,6 32,6 

Corps étranger 19,2 19,2 19,2 9,4 10,9 10,6 13,8 16,6 16,2 

Problème respiratoire 5,0 13,8 8,0 1,0 0,0 0,9 2,4 9,7 3,9 

Problème cardiaque 0,0 6,2 5,1 1,6 6,3 4,0 1,1 6,2 4,6 

Mauvais état général 14,3 32,7 26,0 11,7 18,2 15,1 13,0 27,3 21,4 

Autre cause 15,5 32,7 27,8 8,9 21,5 15,4 11,0 27,4 21,0 

Ne sait pas 2,9 8,7 7,0 2,4 3,1 2,7 2,6 6,4 4,9 

Total 12,5 33,7 28,7 8,3 14,4 11,5 9,9 26,6 20,9 
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Figure 53 : Répartition du nombre de morts avec ou sans euthanasie (histogrammes groupés et empilés), 

chez les bovins laitiers et allaitant, selon le jour de la semaine 
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Figure 54 : Taux hebdomadaires de mortalité observés (2003-2009), ajustés (2003-2006) et prédits (2007-

2009) chez les vaches laitières de 2 à 3,5 ans en France 
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Tableau 28 : Nombres de bovins morts (tous âges et types de production confondus)  attendus et observés 

par semestre de 2007 à 2009
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Tableau 29 : Nombres de morts observés (O) et attendus (E), excès (O-E) et ratios de mortalité (O/E) par 

catégorie d’âge chez les bovins allaitants en France en 2008
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Tableau 30 : Nombres de morts observés (O) et attendus (E), excès (O-E) et ratios de mortalité (O/E) par 

catégorie d’âge chez les bovins laitiers en France en 2008
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Figure 55 : Ratios (multipliés par 100) de mortalité départementaux pour la première semaine de janvier 

et la première semaine de juillet en 2007, 2008 et 2009 (les dates indiquées sont celles du premier jour de la 

semaine représentée) 
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Figure 56 : Chronologie de l’alerte lors de la canicule 2003 en santé humaine et animale.  

Sources : (Institut de veille sanitaire, 2003) et (Etablissements Caillaud, 2003) 

]W"SYヴﾗ┌ﾉWﾏWﾐデ"SWゲ"Y┗XﾐWﾏWﾐデゲ";┞;ﾐデ" aｷﾐ;ﾉWﾏWﾐデ" IﾗﾐS┌ｷデ"<" ﾉげYデ;デ"Sげ;ﾉWヴデW" ゲ┌ｪｪXヴW"ケ┌W" ﾉ;"
ﾏWﾐ;IW"ゲ;ﾐｷデ;ｷヴW"ケ┌W"ヴWヮヴYゲWﾐデ;ｷデ" ﾉ;"I;ﾐｷI┌ﾉW";┌ヴ;ｷデ"ヮW┌デどZデヴW"ヮ┌"ZデヴW"SYデWIデYW"ヮﾉ┌ゲ"デﾚデ"Wﾐ"
ヴWIｴWヴIｴ;ﾐデ" SWゲ" ゲｷｪﾐ;┌┝" S;ﾐゲ" ﾉWゲ" ヮﾗヮ┌ﾉ;デｷﾗﾐゲ" ;ﾐｷﾏ;ﾉWゲ" ふEｷｪ┌ヴW" ヵヶぶく" ;ﾐ" WaaWデが" IWヴデ;ｷﾐWゲ"
ヮﾗヮ┌ﾉ;デｷﾗﾐゲ" ;ﾐｷﾏ;ﾉWゲ" SげYﾉW┗;ｪW" ﾗﾐデ" ┗ｷゲｷHﾉWﾏWﾐデ" ヮヴYゲWﾐデY" SWゲ" ゲｷｪﾐWゲ" Sげ;デデWｷﾐデWゲ" ヮﾉ┌ゲ"
ヴ;ヮｷSWﾏWﾐデ"ケ┌W"ﾉ;"ヮﾗヮ┌ﾉ;デｷﾗﾐ"ｴ┌ﾏ;ｷﾐWく"]げ;┌ｪﾏWﾐデ;デｷﾗﾐ"SWゲ"SWﾏ;ﾐSWゲ"SげWﾐﾉX┗WﾏWﾐデゲ";"YデY"
Iﾗﾐゲデ;デYW"ヮ;ヴ" ﾉWゲ"Yケ┌;ヴヴｷゲゲW┌ヴゲ"SXゲ" ﾉW"ン";ﾗ┏デが"ﾏ;ｷゲ"IWデデW" ｷﾐaﾗヴﾏ;デｷﾗﾐ"ﾐげ;"ヮ;ゲ"YデY"W┝ヮﾉﾗｷデYW"
I;ヴ" ｷﾉ" ﾐげW┝ｷゲデ;ｷデ" ヮ;ゲ" <" ﾉげYヮﾗケ┌W" SW" ヮヴﾗIYS┌ヴW" aﾗヴﾏWﾉﾉW" SW" ﾐﾗデｷaｷI;デｷﾗﾐ" ヮﾗ┌ヴ" IW" デ┞ヮW"
Sげｷﾐaﾗヴﾏ;デｷﾗﾐく"]Wゲ";ヴヴZデゲ"SW"IﾗﾉﾉWIデW"ふSげ;HﾗヴS"SWゲ"┗ﾗﾉ;ｷﾉﾉWゲ"ヮ┌ｷゲ"SWゲ"ヮﾗヴIゲぶ"ケ┌ｷ"ﾗﾐデ"Wﾐゲ┌ｷデW"YデY"
;┌デﾗヴｷゲYゲ" Wﾐ" ヴ;ｷゲﾗﾐ" S┌" SYHﾗヴSWﾏWﾐデ" SWゲ" ゲWヴ┗ｷIWゲ" SげYケ┌;ヴヴｷゲゲ;ｪW" ゲﾗﾐデ" SWゲ" ﾏWゲ┌ヴWゲ"
┗Yヴｷデ;HﾉWﾏWﾐデ" W┝IWヮデｷﾗﾐﾐWﾉﾉWゲく" ;ﾉﾉWゲ" ;┌ヴ;ｷWﾐデ" ヮ┌" Iﾗﾐゲデｷデ┌Wヴ"SWゲ" ゲｷｪﾐ;┌┝" Sげ;ﾉWヴデW" aﾗヴデが" ;┌ゲゲｷ"
HｷWﾐ";┌ヮヴXゲ"SWゲ"ヴWゲヮﾗﾐゲ;HﾉWゲ"SW"ﾉ;"ゲ;ﾐデY"ヮ┌Hﾉｷケ┌W"ケ┌げ;ﾐｷﾏ;ﾉWく"7Wゲ"YIｴ;ﾐｪWゲ"Sげｷﾐaﾗヴﾏ;デｷﾗﾐ"
WﾐデヴW"W┝ヮWヴデゲ"SW"ゲ;ﾐデY";ﾐｷﾏ;ﾉW"Wデ"ｴ┌ﾏ;ｷﾐW";┌ヴ;ｷWﾐデ"ヮヴﾗH;HﾉWﾏWﾐデ"ヮWヴﾏｷゲ"Sげ;SSｷデｷﾗﾐﾐWヴ"ﾉWゲ"
ゲｷｪﾐ;┌┝"Yﾏ;ﾐ;ﾐデ"SWゲ"ヮﾗヮ┌ﾉ;デｷﾗﾐゲ"ｴ┌ﾏ;ｷﾐWゲ"Wデ";ﾐｷﾏ;ﾉWゲ"Wデ"SW"IﾗﾐaｷヴﾏWヴ"ヮﾉ┌ゲ"ヴ;ヮｷSWﾏWﾐデ"ﾉ;"
ヮヴYゲWﾐIW"Sげ┌ﾐW"ﾏWﾐ;IW"ゲ;ﾐｷデ;ｷヴW"ｷﾏヮﾗヴデ;ﾐデWく""

]げW┝WﾏヮﾉW"SW" ﾉ;"I;ﾐｷI┌ﾉW" ｷﾉﾉ┌ゲデヴW"SﾗﾐI" ﾉW" a;ｷデ"ケ┌げ┌ﾐW"ゲ┌ヴ┗Wｷﾉﾉ;ﾐIW";┌デﾗﾏ;デｷゲYW"SげｷﾐSｷI;デW┌ヴゲ"
SW" ﾏﾗヴデ;ﾉｷデY" S;ﾐゲ" ﾉ;" ヮﾗヮ┌ﾉ;デｷﾗﾐ" ｴ┌ﾏ;ｷﾐW" Wデ" S;ﾐゲ" ﾉ;" ヮﾗヮ┌ﾉ;デｷﾗﾐ" ;ﾐｷﾏ;ﾉWが" ┗ﾗｷヴW" ﾉW┌ヴ"
IﾗﾏHｷﾐ;ｷゲﾗﾐが"ヮﾗ┌ヴヴ;ｷデ"Iﾗﾐゲデｷデ┌Wヴ"┌ﾐ"ﾗ┌デｷﾉ"WaaｷI;IW"SW"SYデWIデｷﾗﾐ"Wデ"Sげ;ﾉWヴデW"ヮヴYIﾗIWく"

"



1ｴ;ヮｷデヴW"ン"

ヲヰヱ"
"

ンくヲ 7Yaｷゲ"ヮﾗゲYゲ"ヮ;ヴ"ﾉ;"SYデWIデｷﾗﾐ"ヮヴYIﾗIW"<"ヮ;ヴデｷヴ"SWゲ"SﾗﾐﾐYWゲ"SW"ﾏﾗヴデ;ﾉｷデY"
Hﾗ┗ｷﾐW"

]Wゲ"Yデ┌SWゲ"ヴYデヴﾗゲヮWIデｷ┗Wゲ"ケ┌W"ﾐﾗ┌ゲ";┗ﾗﾐゲ"ﾏWﾐYWゲ"ゲ┌ヴ"ﾉWゲ"IﾗﾐゲYケ┌WﾐIWゲ"SW"ﾉ;"E1j"ﾐﾗ┌ゲ"ﾗﾐデ"
ヮWヴﾏｷゲ"SげｷSWﾐデｷaｷWヴ"ﾉWゲ"ヮヴｷﾐIｷヮ;┌┝"SYaｷゲ"ヮﾗゲYゲ"ヮ;ヴ"ﾉ;"SYデWIデｷﾗﾐ"ヮヴYIﾗIW"SW"ﾏWﾐ;IWゲ"ゲ;ﾐｷデ;ｷヴWゲ"
<"ヮ;ヴデｷヴ"SWゲ"SﾗﾐﾐYWゲ"SW"ﾏﾗヴデ;ﾉｷデY"Hﾗ┗ｷﾐW"SｷゲヮﾗﾐｷHﾉWゲ"Wﾐ"Eヴ;ﾐIW"ふ#ヴデｷIﾉW"ヴぶく"1WデデW"ヴYaﾉW┝ｷﾗﾐ";"
a;ｷデ" ﾉげﾗHﾃWデ" Sげ┌ﾐW" ヮヴYゲWﾐデ;デｷﾗﾐ" ﾗヴ;ﾉW" <" ﾉ;" ヮヴWﾏｷXヴW" IﾗﾐaYヴWﾐIW" ｷﾐデWヴﾐ;デｷﾗﾐ;ﾉW" ゲ┌ヴ" ﾉ;" ゲ;ﾐデY"
;ﾐｷﾏ;ﾉW"ふNﾐデWヴﾐ;デｷﾗﾐ;ﾉ"1ﾗﾐaWヴWﾐIW"ﾗﾐ"#ﾐｷﾏ;ﾉ"KW;ﾉデｴが" N1#K}ぶが"ケ┌ｷ"ゲげWゲデ"デWﾐ┌W"<"]┞ﾗﾐ"Wﾐ"ﾏ;ｷ"
ヲヰヱヱが"Wデ"Sげ┌ﾐ";ヴデｷIﾉW"S;ﾐゲ"ﾉW"ﾐ┌ﾏYヴﾗ"ゲヮYIｷ;ﾉ"Iﾗﾐゲ;IヴY"<"IWデデW"IﾗﾐaYヴWﾐIW"Wデ"ヮ┌HﾉｷY"Wﾐ"ﾃ;ﾐ┗ｷWヴ"
ヲヰヱヲ"S;ﾐゲ"ﾉ;"ヴW┗┌W"vヴW┗Wﾐデｷ┗W"†WデWヴｷﾐ;ヴ┞"cWSｷIｷﾐWく"

j┌デヴW" ﾉWゲ" SYaｷゲ" ﾉﾗｪｷゲデｷケ┌Wゲ" ふ;IIXゲ" ヴ;ヮｷSW" ;┌┝" SﾗﾐﾐYWゲが" ;ﾏYﾉｷﾗヴ;デｷﾗﾐ" SW" ﾉW┌ヴ" ケ┌;ﾉｷデYが"
;┌デﾗﾏ;デｷゲ;デｷﾗﾐ" SWゲ" ;ﾐ;ﾉ┞ゲWゲが" WデIくぶが" ﾉ;" ヮヴｷﾐIｷヮ;ﾉW" SｷaaｷI┌ﾉデY" ケ┌W" ﾐﾗ┌ゲ" ;┗ﾗﾐゲ" ｷSWﾐデｷaｷYW" Yデ;ｷデ"
ﾉげYﾉ;Hﾗヴ;デｷﾗﾐ" Sげ┌ﾐW" ┗Yヴｷデ;HﾉW" ゲデヴ;デYｪｷW" Sげ;ﾐ;ﾉ┞ゲWく" ;ﾐ" WaaWデが" ﾉげﾗHﾃWIデｷa" SW" た"SYデWIデWヴ" SWゲ"
;ﾐﾗﾏ;ﾉｷWゲ"だ" S;ﾐゲ" ﾉ;" ﾏﾗヴデ;ﾉｷデY" Sげ┌ﾐW" ヮﾗヮ┌ﾉ;デｷﾗﾐ" ;┌ゲゲｷ" ｪヴ;ﾐSW" ケ┌W" ﾉ;" ヮﾗヮ┌ﾉ;デｷﾗﾐ" Hﾗ┗ｷﾐW"
aヴ;ﾐN;ｷゲW" ふヲヰ" ﾏｷﾉﾉｷﾗﾐゲ" SげｷﾐSｷ┗ｷS┌ゲ" ヴYヮ;ヴデｷゲ" ゲ┌ヴ" デﾗ┌デ" ﾉW" デWヴヴｷデﾗｷヴWぶ" Wゲデ" デヴXゲ" ┗;ｪ┌Wが" ゲ┌ヴデﾗ┌デ"
ﾉﾗヴゲケ┌W" ﾉげﾗﾐ" IﾗﾐゲｷSXヴW" ﾉ;" ﾏ┌ﾉデｷヮﾉｷIｷデY" SWゲ" ゲｷｪﾐ;┌┝" ;ﾐﾗヴﾏ;┌┝" ヮﾗ┌┗;ﾐデ" ゲｷｪﾐｷaｷWヴ" ﾉげ;ヮヮ;ヴｷデｷﾗﾐ"
Sげ┌ﾐW"ﾏWﾐ;IW"ゲ;ﾐｷデ;ｷヴWく"⁄ﾐW"ゲデヴ;デYｪｷW"Sげ;ﾐ;ﾉ┞ゲW"SYaｷﾐｷゲゲ;ﾐデ"SWゲ"ﾗHﾃWIデｷaゲ"ヮﾉ┌ゲ"ヴWゲデヴWｷﾐデゲ"Sﾗｷデ"
SﾗﾐI" ﾐYIWゲゲ;ｷヴWﾏWﾐデ" ZデヴW" Yデ;HﾉｷW" Wﾐ" ヴWｪ;ヴS" SWゲ" SﾗﾐﾐYWゲ" Wデ" SWゲ" ﾏYデｴﾗSWゲ" SW" SYデWIデｷﾗﾐ"
Sげ;ﾐﾗﾏ;ﾉｷWゲ"SｷゲヮﾗﾐｷHﾉWゲく""

x┌W"ﾉげ;ヮヮヴﾗIｴW"ゲﾗｷデ"デWﾏヮﾗヴWﾉﾉWが"ゲヮ;デｷ;ﾉW"ﾗ┌"ゲヮ;デｷﾗどデWﾏヮﾗヴWﾉﾉWが"ｷﾉ"ゲWヴ;"ﾐﾗデ;ﾏﾏWﾐデ"ﾐYIWゲゲ;ｷヴW"
SW"SYaｷﾐｷヴ"ﾉW"ﾐｷ┗W;┌"Sげ;ｪヴYｪ;デｷﾗﾐ"SWゲ"SﾗﾐﾐYWゲ"<";ﾐ;ﾉ┞ゲWヴ"ふ┌ﾐｷデY"SW"ゲ┌ヴ┗Wｷﾉﾉ;ﾐIWぶが"ﾉ;"aヴYケ┌WﾐIW"
Wデ"ﾉWゲ"デWヴヴｷデﾗｷヴWゲ";┌┝ケ┌Wﾉゲ";ヮヮﾉｷケ┌Wヴ"ﾉWゲ";ﾐ;ﾉ┞ゲWゲが";ｷﾐゲｷ"ケ┌W"ﾉ;"ﾗ┌"ﾉWゲ"ﾏYデｴﾗSWゲ"<";ヮヮﾉｷケ┌Wヴく""

ンくヲくヱ 1ｴﾗｷ┝"SW"ﾉげ┌ﾐｷデY"SW"ゲ┌ヴ┗Wｷﾉﾉ;ﾐIW"

]W" Iｴﾗｷ┝" SW" ﾉげ┌ﾐｷデY" SW" ゲ┌ヴ┗Wｷﾉﾉ;ﾐIW" ふゲヮ;デｷ;ﾉWが" デWﾏヮﾗヴWﾉﾉW" Wデ" SYﾏﾗｪヴ;ヮｴｷケ┌Wぶ" Wゲデ" ゲﾗ┌┗Wﾐデ"
Iﾗﾐデヴ;ｷﾐデ"ヮ;ヴ"ﾉWゲ"SﾗﾐﾐYWゲ"IﾗﾉﾉWIデYWゲが"ケ┌ｷ"ヮW┌┗Wﾐデ"ﾐげZデヴW"SｷゲヮﾗﾐｷHﾉWゲ"ケ┌げ<"ﾉげYデ;デ";ｪヴYｪYく"7;ﾐゲ"
ﾐﾗデヴW" I;ゲが" ﾉ;" SｷゲヮﾗﾐｷHｷﾉｷデY" SWゲ" SﾗﾐﾐYWゲ" SW" ﾏﾗヴデ;ﾉｷデY" Hﾗ┗ｷﾐW" ﾐげWゲデ" ヮ;ゲ" ┌ﾐ" a;IデW┌ヴ" ﾉｷﾏｷデ;ﾐデ"
ヮ┌ｷゲケ┌W"ﾐﾗ┌ゲ"Sｷゲヮﾗゲﾗﾐゲ"SW"SﾗﾐﾐYWゲ" ｷﾐSｷ┗ｷS┌WﾉﾉWゲ" ヴWﾉ;デｷ┗Wゲ";┌┝"I;ヴ;IデYヴｷゲデｷケ┌Wゲ"SW" デﾗ┌ゲ" ﾉWゲ"
Hﾗ┗ｷﾐゲ" ﾏﾗヴデゲ" Wﾐ" Eヴ;ﾐIW" ふ>ｪWが" ゲW┝Wが" デ┞ヮW" SW" ヮヴﾗS┌Iデｷﾗﾐぶ" ;ｷﾐゲｷ" ケ┌げ<" ﾉ;" S;デW" Wデ" ;┌" ﾉｷW┌"
ふW┝ヮﾉﾗｷデ;デｷﾗﾐぶ"W┝;Iデゲ"SW"ﾉW┌ヴ"ﾏﾗヴデく"

⁄ﾐW"ゲﾗﾉ┌デｷﾗﾐ"ヮﾗ┌ヴ"SYaｷﾐｷヴ"ﾉW"ヮ;ゲ"SW"デWﾏヮゲが"ﾉげ┌ﾐｷデY"ゲヮ;デｷ;ﾉW"Wデ"ﾉWゲ"a;IデW┌ヴゲ"SYﾏﾗｪヴ;ヮｴｷケ┌Wゲ"<"
ヮヴWﾐSヴW"Wﾐ"IﾗﾏヮデW"S;ﾐゲ"ﾉげ;ﾐ;ﾉ┞ゲW"SWゲ"SﾗﾐﾐYWゲ"ヮW┌デ"ZデヴW"Sげ;SﾗヮデWヴ"┌ﾐW";ヮヮヴﾗIｴW"H;ゲY"ゲ┌ヴ"ﾉW"
ヴｷゲケ┌Wが" ┗ｷゲ;ﾐデ" <" ｷSWﾐデｷaｷWヴ" ﾉWゲ" Iﾗﾏヮ;ヴデｷﾏWﾐデゲ" ゲヮ;デｷﾗどデWﾏヮﾗヴWﾉゲ" Wデ" SYﾏﾗｪヴ;ヮｴｷケ┌Wゲ" ﾗ┍" ┌ﾐW"
;ﾐﾗﾏ;ﾉｷW"Wゲデ"ｷぶ"ﾉ;"ヮﾉ┌ゲ"ゲ┌ゲIWヮデｷHﾉW"Sげ;ヮヮ;ヴ;ｺデヴWが"ｷｷぶ"ﾉ;"ヮﾉ┌ゲ"ゲ┌ゲIWヮデｷHﾉW"SげZデヴW"SYデWIデYWく"vﾗ┌ヴ"IW"
a;ｷヴWが" SWゲ" ｷﾐaﾗヴﾏ;デｷﾗﾐゲ" Sﾗｷ┗Wﾐデ" ZデヴW" SｷゲヮﾗﾐｷHﾉWゲ" ゲ┌ヴ" ﾉWゲ" S;ﾐｪWヴゲ" ヮﾗ┌┗;ﾐデ" ヮﾗデWﾐデｷWﾉﾉWﾏWﾐデ"
;ヮヮ;ヴ;ｺデヴW" S;ﾐゲ" ﾉ;" ヮﾗヮ┌ﾉ;デｷﾗﾐ" ゲﾗ┌ゲ" ゲ┌ヴ┗Wｷﾉﾉ;ﾐIWが" Wデ" ゲ┌ヴ" ﾉW┌ヴ" WaaWデ" ゲ┌ヴ" ﾉげｷﾐSｷI;デW┌ヴ" ゲ┌ｷ┗ｷ" ふW┝く"
Iﾉ;ゲゲW"Sげ>ｪW"ﾉ;"ヮﾉ┌ゲ"ゲ┌ゲIWヮデｷHﾉW"SげZデヴW";デデWｷﾐデW"Wﾐ"I;ゲ"SげｷﾐデヴﾗS┌Iデｷﾗﾐ"Sげ┌ﾐW"ﾏ;ﾉ;SｷW"W┝ﾗデｷケ┌W"
„ぶく"]W"Sｷゲヮﾗゲｷデｷa"SW"ゲ┌ヴ┗Wｷﾉﾉ;ﾐIW"ヴWゲデW"ﾐﾗﾐ"ゲヮYIｷaｷケ┌W"ﾏ;ｷゲ"Wゲデ"た"ﾗヴｷWﾐデY"だく"

;ﾐ" ;HゲWﾐIW" Sげｷﾐaﾗヴﾏ;デｷﾗﾐ" ゲ┌ヴ" ﾉWゲ" ﾏWﾐ;IWゲ" ゲ┌ゲIWヮデｷHﾉWゲ" Sげ;ヮヮ;ヴ;ｺデヴW" ふSｷゲヮﾗゲｷデｷa" SW"
ゲ┌ヴ┗Wｷﾉﾉ;ﾐIW"た"ﾐﾗﾐ"ﾗヴｷWﾐデY"だぶが"ﾉげ┌ﾐｷデY"SW"ゲ┌ヴ┗Wｷﾉﾉ;ﾐIW"ゲWヴ;"ヮヴｷﾐIｷヮ;ﾉWﾏWﾐデ"SYデWヴﾏｷﾐYW"ヮ;ヴ"ﾉWゲ"
Iﾗﾐデヴ;ｷﾐデWゲ"ﾉｷYWゲ"<"ﾉげﾗ┌デｷﾉ"Sげ;ﾐ;ﾉ┞ゲW"Wﾏヮﾉﾗ┞Y"Wデ"IWﾉﾉWゲ"ヴWﾉ;デｷ┗Wゲ"<"ﾉ;"ｪWゲデｷﾗﾐ"ふｷﾐデWヴヮヴYデ;デｷﾗﾐ"Wデ"
ｷﾐデWヴ┗Wﾐデｷﾗﾐぶ"SWゲ"ヴYゲ┌ﾉデ;デゲ"SW"ゲ┌ヴ┗Wｷﾉﾉ;ﾐIW"ヮヴﾗS┌ｷデゲ"ヮ;ヴ"ﾉW"Sｷゲヮﾗゲｷデｷaく"

7げ┌ﾐ" ヮﾗｷﾐデ" SW" ┗┌W" ゲヮ;デｷ;ﾉが" ﾉげ┌ﾐｷデY" SW" ゲ┌ヴ┗Wｷﾉﾉ;ﾐIW" SW┗ヴ;" ﾐﾗデ;ﾏﾏWﾐデ" ZデヴW" ;ゲゲW┣" aｷﾐW" ヮﾗ┌ヴ"
ﾉｷﾏｷデWヴ" ﾉ;"┣ﾗﾐW"Sげｷﾐ┗Wゲデｷｪ;デｷﾗﾐゲ"Wﾐ"I;ゲ"Sげ;ﾉ;ヴﾏWが"ﾏ;ｷゲ"ゲ┌aaｷゲ;ﾐデW"ヮﾗ┌ヴ"ケ┌W"ﾉW"ﾐﾗﾏHヴW"SW"I;ゲ"



1ｴ;ヮｷデヴW"ン"

ヲヰヲ"
"

ﾗHゲWヴ┗Yゲ" ヮ;ヴ" ┌ﾐｷデY" ヴYヮﾗﾐSWﾐデ" ;┌┝" IﾗﾐSｷデｷﾗﾐゲ" Sげ;ヮヮﾉｷI;デｷﾗﾐ" SWゲ" ;ﾉｪﾗヴｷデｴﾏWゲ" SW" SYデWIデｷﾗﾐ"
Sげ;ﾐﾗﾏ;ﾉｷWゲく" ]Wゲ" ┌ﾐｷデYゲ" ゲヮ;デｷ;ﾉWゲ" SW" ゲ┌ヴ┗Wｷﾉﾉ;ﾐIW" ヮW┌┗Wﾐデ" IﾗヴヴWゲヮﾗﾐSヴW" ;┌" SYIﾗ┌ヮ;ｪW"
;Sﾏｷﾐｷゲデヴ;デｷa"S┌"デWヴヴｷデﾗｷヴW"ふヮ;ヴ"W┝WﾏヮﾉW"ﾉWゲ"SYヮ;ヴデWﾏWﾐデゲぶが"ﾗ┌";┌"Iﾗﾐデヴ;ｷヴW"ZデヴW"SYデWヴﾏｷﾐYWゲ"
ヮ;ヴ" ┌ﾐ" ﾏ;ｷﾉﾉ;ｪW" ｪYﾗﾏYデヴｷケ┌W" ヴYｪ┌ﾉｷWヴ" ケ┌ｷ" ﾐげ;" ヮ;ゲ" SW" ヴY;ﾉｷデY" ;Sﾏｷﾐｷゲデヴ;デｷ┗Wく" #ﾉﾗヴゲ" ケ┌W" ﾉ;"
ヮヴWﾏｷXヴW"ゲﾗﾉ┌デｷﾗﾐ"a;IｷﾉｷデWヴ;"ﾉ;"ｪWゲデｷﾗﾐ"SWゲ";ﾉ;ヴﾏWゲ"ヮ┌ｷゲケ┌W"Iｴ;ケ┌W"Wゲヮ;IW"ゲ┌ゲIWヮデｷHﾉW"SげZデヴW"
Wﾐ" ;ﾉWヴデW" Wゲデ" ｪYヴY" ヮ;ヴ" ┌ﾐW" ;Sﾏｷﾐｷゲデヴ;デｷﾗﾐ" ｷSWﾐデｷaｷYWが" ﾉ;" ゲWIﾗﾐSW" a;IｷﾉｷデWヴ;" ﾉげ;ヮヮﾉｷI;デｷﾗﾐ"
Sげ;ﾉｪﾗヴｷデｴﾏWゲ" SW" SYデWIデｷﾗﾐ" Sげ;ﾐﾗﾏ;ﾉｷWゲ" ゲヮ;デｷ;ﾉWゲ" Wﾐ" ゲげ;aaヴ;ﾐIｴｷゲゲ;ﾐデ" SWゲ" aヴﾗﾐデｷXヴWゲ"
;Sﾏｷﾐｷゲデヴ;デｷ┗Wゲく"

7げ┌ﾐ" ヮﾗｷﾐデ" SW" ┗┌W" デWﾏヮﾗヴWﾉが" ﾉW" ヮ;ゲ" SW" デWﾏヮゲ" ﾉW" ヮﾉ┌ゲ" ;S;ヮデY" SYヮWﾐS" SWゲ" aﾉ┌Iデ┌;デｷﾗﾐゲ" S┌"
ﾐｷ┗W;┌" SW" ヴYaYヴWﾐIW" Wデ" SW" ﾉ;" ヮﾗゲゲｷHｷﾉｷデY" SW" ﾉWゲ" ヮヴWﾐSヴW" Wﾐ" IﾗﾏヮデW" ﾉﾗヴゲ" SW" ﾉ;" ヴWIｴWヴIｴW"
Sげ;ﾐﾗﾏ;ﾉｷWゲく" ]げ;ﾐ;ﾉ┞ゲW" SWゲ" SﾗﾐﾐYWゲ" ﾃﾗ┌ヴﾐ;ﾉｷXヴWゲ" SW" ﾉ;" ﾏﾗヴデ;ﾉｷデY" Hﾗ┗ｷﾐWが" デ;ﾐデ" IWﾉﾉWゲ" SW" ﾉ;"
07dN"ケ┌W"IWﾉﾉWゲ"SW"ﾉげ;7Nど}v#dが";"ﾏﾗﾐデヴY"ﾉげW┝ｷゲデWﾐIW"Sげ┌ﾐ"aﾗヴデ"WaaWデ"ﾃﾗ┌ヴゲ"SW"ﾉ;"ゲWﾏ;ｷﾐW"ケ┌げｷﾉ"
ゲWﾏHﾉW"SｷaaｷIｷﾉW"SW"IﾗﾐデヴﾚﾉWヴく"7;ﾐゲ"ﾉ;"07dNが"ﾉWゲ"YﾉW┗W┌ヴゲ"ゲﾗﾐデ"ゲ┌ヮヮﾗゲYゲ"ﾐﾗデｷaｷWヴ"ﾉ;"S;デW"W┝;IデW"
SW" ﾉ;" ﾏﾗヴデ" SW" ﾉW┌ヴゲ" Hﾗ┗ｷﾐゲく" ~ﾗ┌デWaﾗｷゲが" ﾐﾗ┌ゲ" ;┗ﾗﾐゲ" Iﾗﾐゲデ;デY" ケ┌げ┌ﾐ" a;ｷHﾉW" ﾐﾗﾏHヴW" SW"
ﾐﾗデｷaｷI;デｷﾗﾐゲ" IﾗヴヴWゲヮﾗﾐS;ｷWﾐデ" <" SWゲ" ﾏﾗヴデゲ" ゲ┌ヴ┗Wﾐ┌Wゲ" ﾉW" ┘WWﾆどWﾐS" Wデ" ケ┌げ;┌" Iﾗﾐデヴ;ｷヴW" SW"
ﾐﾗﾏHヴW┌ゲWゲ"ﾐﾗデｷaｷI;デｷﾗﾐゲ"IﾗヴヴWゲヮﾗﾐS;ｷWﾐデ"<"SW"ﾏﾗヴデゲ"ゲ┌ヴ┗Wﾐ┌Wゲ"ﾉW"ﾉ┌ﾐSｷ"Wデ"ﾉW"ﾏ;ヴSｷ"ふEｷｪ┌ヴW"
ヵΑぶく"7W"ヮﾉ┌ゲが" ﾐﾗ┌ゲ" ;┗ﾗﾐゲ"ﾗHゲWヴ┗Y" ゲ┌ヴ" ﾉWゲ" ゲYヴｷWゲ" デWﾏヮﾗヴWﾉﾉWゲ"SW"ﾐﾗデｷaｷI;デｷﾗﾐゲ" <" ﾉ;"07dN"SWゲ"
H;ｷゲゲWゲ";Hヴ┌ヮデWゲ"SW"ﾐﾗデｷaｷI;デｷﾗﾐゲ"ﾉﾗヴゲ"SWゲ"ﾃﾗ┌ヴゲ"aYヴｷYゲ"ﾗ┌"SWゲ"た"ヮﾗﾐデゲ"だ"ふEｷｪ┌ヴW"ヵΒぶく""

Figure 57 : Nombre de notifications de sortie pour cause de mortalité notifiées par les éleveurs français à 

la BDNI entre 2001 et 2006 en France, agrégées selon le jour de la semaine correspondant à la mort 
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Figure 58 : Courbes de mortalité journalière à l’échelle nationale, (les points représentant les mêmes jours 

de la semaine -lundi, mardi etc.- sont reliés entre eux) entre 2001 et 2006 
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Figure 59 : Répartition (%) des demandes d’enlèvements au cours de la semaine, par équarrisseur (A à J) 

en France en 2008 
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Tableau 31 : Nombre de séries à analyser selon le choix d’agrégation spatiale et populationnelle, dans le 

cas où la zone d’étude est la France 

Agrégation 
populationnelle 

Agrégation  
spatiale 

Aucune « Tous » + 4 catégories d’âge 

Nationale 1 5 
Super régions 6 30 

Régions 22 110 
Départements 96 480 

Cantons 4 000 20 000 
Communes 36 000 180 000 

Exploitations 220 000 1 100 000 
TOTAL 260 134 1 300 670 

dﾗ┌ゲ" ;┗ﾗﾐゲ" ｷﾏ;ｪｷﾐY" デヴﾗｷゲ" ゲデヴ;デYｪｷWゲ" ヮﾗ┌ヴ" ;ﾐ;ﾉ┞ゲWヴ" IWゲ" ゲYヴｷWゲ" Iｴヴﾗﾐﾗﾉﾗｪｷケ┌Wゲ" Wデ" ┞" SYデWIデWヴ"
SげY┗Wﾐデ┌WﾉﾉWゲ";ﾐﾗﾏ;ﾉｷWゲく"

];" ヮヴWﾏｷXヴW" ゲデヴ;デYｪｷW" Yデ;ｷデ" Sげ;ﾐ;ﾉ┞ゲWヴ" デﾗ┌デWゲ" ﾉWゲ" ゲYヴｷWゲ" Iｴヴﾗﾐﾗﾉﾗｪｷケ┌Wゲ" ヮﾗ┌┗;ﾐデ" ZデヴW"
Iﾗﾐゲデヴ┌ｷデWゲ" S;ﾐゲ" ﾉげWゲヮ;IW" SげYデ┌SW" ふヱ"ンヰヰ"ヶΑヰ" ゲYヴｷWゲ" ヮﾗ┌ヴ" ﾉ;" Eヴ;ﾐIWぶく" ]げ;┗;ﾐデ;ｪW" SW" IWデデW"
;ヮヮヴﾗIｴW" Yデ;ｷデ" SW" ヴWIｴWヴIｴWヴ" SWゲ" ゲｷｪﾐ;┌┝" <" デﾗ┌ゲ" ﾉWゲ" ﾐｷ┗W;┌┝" ﾗ┍" ｷﾉゲ" ゲﾗﾐデ" ゲ┌ゲIWヮデｷHﾉWゲ"
Sげ;ヮヮ;ヴ;ｺデヴWく" };" ﾉｷﾏｷデW" Yデ;ｷデ" SW" ヴWヮﾗゲWヴ" ゲ┌ヴ" ┌ﾐW"ﾏ┌ﾉデｷヮﾉｷIｷデY" SWゲ" デWゲデゲ" ふYｪ;ﾉ" ;┌" ﾐﾗﾏHヴW" SW"
ゲYヴｷWゲ" ﾏ┌ﾉデｷヮﾉｷY" ヮ;ヴ" ﾉW" ﾐﾗﾏHヴW" SW" ヮﾗｷﾐデゲ" <" デWゲデWヴ" S;ﾐゲ" Iｴ;ケ┌W" ゲYヴｷWぶが" IW" ケ┌ｷ" ヮﾗゲW" SWゲ"
SｷaaｷI┌ﾉデYゲ"デ;ﾐデ";┌"ﾐｷ┗W;┌"SW"ﾉ;"ヴWゲゲﾗ┌ヴIW"ｷﾐaﾗヴﾏ;デｷケ┌Wが"ケ┌W"SW"ﾉげｷﾐデWヴヮヴYデ;デｷﾗﾐ"SWゲ"ヴYゲ┌ﾉデ;デゲ"
ふヮヴﾗHﾉYﾏ;デｷケ┌W"SWゲ"デWゲデゲ"ﾏ┌ﾉデｷヮﾉWゲぶく"

];"ゲWIﾗﾐSW"ゲデヴ;デYｪｷW"Yデ;ｷデ"SW"SYaｷﾐｷヴ";"ヮヴｷﾗヴｷ"ﾉWゲ"ゲYヴｷWゲ"<"Iﾗﾐゲデヴ┌ｷヴW"Wデ"SW"ゲW"ﾉｷﾏｷデWヴ"<"ﾉげ;ﾐ;ﾉ┞ゲW"
SW" IWゲ" ゲYヴｷWゲく" dﾗ┌ゲ" ;┌ヴｷﾗﾐゲ" ;ｷﾐゲｷ" ヮ┌" ﾉｷﾏｷデWヴ" ヮ;ヴ" W┝WﾏヮﾉW" ﾉげ;ﾐ;ﾉ┞ゲW" ;┌┝" ゲYヴｷWゲ" ﾐ;デｷﾗﾐ;ﾉWが"
ヴYｪｷﾗﾐ;ﾉWゲ" Wデ" SYヮ;ヴデWﾏWﾐデ;ﾉWゲが" Wデ" ゲ;ﾐゲ" ヮヴWﾐSヴW" Wﾐ" IﾗﾏヮデW" ﾉげ>ｪWく" ]げ;┗;ﾐデ;ｪW" SW" IWデデW"
ゲデヴ;デYｪｷW" Yデ;ｷデ" SW" ヮﾗ┌┗ﾗｷヴ" ;S;ヮデWヴ" ﾉげ;ﾐ;ﾉ┞ゲW" ;┌┝" I;ヮ;IｷデYゲ" ｷﾐaﾗヴﾏ;デｷケ┌Wゲ" SｷゲヮﾗﾐｷHﾉWゲが" SW"
ﾉｷﾏｷデWヴ" ﾉW" ﾐﾗﾏHヴW" SW" デWゲデゲ" Wデ" SW" a;IｷﾉｷデWヴ" ﾉげｷﾐデWヴヮヴYデ;デｷﾗﾐ" SWゲ" ヴYゲ┌ﾉデ;デゲく" ;ﾐ" ヴW┗;ﾐIｴW" WﾉﾉW"
ヴｷゲケ┌;ｷデ"SW"ﾏ;ﾐケ┌Wヴ"SWゲ"ゲｷｪﾐ;┌┝"ｷSWﾐデｷaｷ;HﾉWゲ"<"Sげ;┌デヴWゲ"ﾐｷ┗W;┌┝"Sげ;ｪヴYｪ;デｷﾗﾐく""

];" デヴﾗｷゲｷXﾏW" ゲデヴ;デYｪｷW" Wﾐ┗ｷゲ;ｪYW" Yデ;ｷデ" Sげ;ヮヮﾉｷケ┌Wヴ" ┌ﾐW" ヮヴﾗIYS┌ヴW" た"ｴｷYヴ;ヴIｴｷケ┌W"だ" SW"
Iﾗﾐゲデヴ┌Iデｷﾗﾐ"Wデ"Sげ;ﾐ;ﾉ┞ゲW"SWゲ"ゲYヴｷWゲく"v;ヴ"W┝WﾏヮﾉWが"S;ﾐゲ"┌ﾐ"ヮヴWﾏｷWヴ"デWﾏヮゲ"ゲW┌ﾉWゲ" ﾉWゲ"ゲYヴｷWゲ"
ヴYｪｷﾗﾐ;ﾉWゲ";┌ヴ;ｷWﾐデ"YデY"Iﾗﾐゲデヴ┌ｷデWゲ"Wデ";ﾐ;ﾉ┞ゲYWゲが"ヮ┌ｷゲ"ﾉWゲ"ゲYヴｷWゲ"SYヮ;ヴデWﾏWﾐデ;ﾉWゲ"ﾐげ;┌ヴ;ｷWﾐデ"
YデY" ;ﾐ;ﾉ┞ゲYWゲ" ケ┌W" ヮﾗ┌ヴ" ﾉWゲ" ヴYｪｷﾗﾐゲ" ﾗ┍" SWゲ" ;ﾐﾗﾏ;ﾉｷWゲ" ;┌ヴ;ｷWﾐデ" YデY" SYデWIデYWゲが" Wデ" ;ｷﾐゲｷ" SW"
ゲ┌ｷデWが"ﾃ┌ゲケ┌げ<"ﾉげYﾉW┗;ｪWく"1ﾗﾏﾏW";┗WI"ﾉ;"SW┌┝ｷXﾏW"ゲデヴ;デYｪｷWが"ﾉW"ﾐﾗﾏHヴW"SW"デWゲデゲ"<"ヴY;ﾉｷゲWヴ"Wゲデ"
;ｷﾐゲｷ" ﾉｷﾏｷデYが" デﾗ┌デ" Wﾐ" ｪ;ヴS;ﾐデ" ﾉ;" ヮﾗゲゲｷHｷﾉｷデY" SW" IｷHﾉWヴ" ヮヴYIｷゲYﾏWﾐデ" ﾉげﾗヴｷｪｷﾐW" S┌" ゲｷｪﾐ;ﾉく" ;ﾐ"
ヴW┗;ﾐIｴWが"IWヴデ;ｷﾐゲ"ゲｷｪﾐ;┌┝" ｷSWﾐデｷaｷ;HﾉWゲ"S;ﾐゲ"SWゲ"ﾐｷ┗W;┌┝"Sげ;ｪヴYｪ;デｷﾗﾐ"ヮﾉ┌ゲ" a;ｷHﾉWゲ" ふﾗ┌"ヮﾉ┌ゲ"
YﾉW┗Yゲ" ゲWﾉﾗﾐ" ﾉW" ゲWﾐゲ" SW" ﾉ;" ｴｷYヴ;ヴIｴｷゲ;デｷﾗﾐ" SWゲ" デWゲデゲぶが" ﾏ;ｷゲ" ケ┌ｷ" ﾐW" ﾉW" ゲﾗﾐデ" ヮ;ゲ" ;┌" ヮヴWﾏｷWヴ"
ﾐｷ┗W;┌"Yデ┌SｷY";┌ヴ;ｷWﾐデ"YデY"ﾏ;ﾐケ┌Yゲく"

Nﾉ"Wゲデ"┗ｷデW";ヮヮ;ヴ┌"ケ┌げ;┌I┌ﾐW"SW"IWゲ"ゲデヴ;デYｪｷWゲ"ﾐげYデ;ｷWﾐデ"ヮﾉWｷﾐWﾏWﾐデ"ゲ;デｷゲa;ｷゲ;ﾐデWく"dﾗ┌ゲ";┗ﾗﾐゲ"
SﾗﾐI"SYIｷSY"SW"IﾗﾏヮﾉYデWヴ"ﾉげ;ﾐ;ﾉ┞ゲW"SWゲ"ゲYヴｷWゲ"デWﾏヮﾗヴWﾉﾉWゲ"ヮ;ヴ"┌ﾐW";ﾐ;ﾉ┞ゲW"ゲヮ;デｷ;ﾉWく"

ンくヴくヲくヲ #ヮヮヴﾗIｴW";SﾗヮデYW"

];" ﾏYデｴﾗSW" ケ┌W" ﾐﾗ┌ゲ" ;┗ﾗﾐゲ" Iｴﾗｷゲｷ" Sげ;ヮヮﾉｷケ┌Wヴ" Iﾗﾐゲｷゲデ;ｷデ" <" ヴWIｴWヴIｴWヴが" ヮ;ヴ" ﾉW" Hｷ;ｷゲ" SWゲ"
ゲデ;デｷゲデｷケ┌Wゲ"SW"ゲI;ﾐが"SWゲ";ｪヴYｪ;デゲ"Sげ┌ﾐｷデYゲ"ｪYﾗｪヴ;ヮｴｷケ┌Wゲ"Wﾐ"W┝IXゲ"SW"ﾏﾗヴデ;ﾉｷデY"ヮ;ヴ"ヴ;ヮヮﾗヴデ"
<"ﾉW┌ヴゲ"ヮヴﾗヮヴWゲ"aﾉ┌Iデ┌;デｷﾗﾐゲ"ｴｷゲデﾗヴｷケ┌Wゲく"



1ｴ;ヮｷデヴW"ン"

ヲヱΑ"
"

vﾗ┌ヴ" a;IｷﾉｷデWヴ" ﾉげ;ﾐ;ﾉ┞ゲW" ゲヮ;デｷ;ﾉW" Wデ" デヴ;┗;ｷﾉﾉWヴ" <" ┌ﾐW" YIｴWﾉﾉW" ｷﾐデWヴﾏYSｷ;ｷヴW" WﾐデヴW" ﾉW"
SYヮ;ヴデWﾏWﾐデが"ﾃ┌ｪY"デヴﾗヮ"ｪヴ;ﾐSが"Wデ"ﾉげW┝ヮﾉﾗｷデ;デｷﾗﾐが"ﾗ┍"ﾉW"ﾐﾗﾏHヴW"SW"ﾏﾗヴデゲ"Wゲデ"デヴﾗヮ"a;ｷHﾉW"ヮﾗ┌ヴ"
;ヮヮﾉｷケ┌Wヴ" IW" デ┞ヮW" Sげ;ﾐ;ﾉ┞ゲWが" ﾐﾗ┌ゲ" ;┗ﾗﾐゲ" Iｴﾗｷゲｷ" Sげ┌デｷﾉｷゲWヴ" ┌ﾐW" ┌ﾐｷデY" Sげ;ｪヴYｪ;デｷﾗﾐ" ゲヮ;デｷ;ﾉW"
ｷﾐデWヴﾏYSｷ;ｷヴW"Wデ"ゲIｷﾐSY"ﾉW"デWヴヴｷデﾗｷヴW"Wﾐ"ヱ"ヱヶヵ"ｴW┝;ｪﾗﾐWゲ"ヴYｪ┌ﾉｷWヴゲ"SW"ヲヵ"ﾆﾏ"SW"Sｷ;ﾏXデヴWく""

7;ﾐゲ"Iｴ;ケ┌W"ｴW┝;ｪﾗﾐWが"ﾐﾗ┌ゲ";┗ﾗﾐゲ"Iﾗﾐゲデヴ┌ｷデ"SWゲ"ゲYヴｷWゲ"Iｴヴﾗﾐﾗﾉﾗｪｷケ┌Wゲ"SW"デ;┌┝"SW"ﾏﾗヴデ;ﾉｷデY"
ヮ┌ｷゲ";ﾃ┌ゲデY"┌ﾐ"ﾏﾗSXﾉW"SW"vﾗｷゲゲﾗﾐ"ゲ┌ヴ"┌ﾐW"ヮYヴｷﾗSW"SW"I;ﾉｷHヴ;デｷﾗﾐ";ﾉﾉ;ﾐデ"S┌"ヱWヴ" ﾃ;ﾐ┗ｷWヴ"ヲヰヰヵ"
ﾃ┌ゲケ┌げ;┌"ン"ﾐﾗ┗WﾏHヴW"ヲヰヰΒく"dﾗ┌ゲ";┗ﾗﾐゲ"Wﾐゲ┌ｷデW"┌デｷﾉｷゲY"IWゲ"ﾏﾗSXﾉWゲ"ヮﾗ┌ヴ"ヮヴYSｷヴW"ﾉW"ﾐﾗﾏHヴW"
SW" ﾏﾗヴデゲ" ｴWHSﾗﾏ;S;ｷヴWゲ" S;ﾐゲ" Iｴ;ケ┌W" ｴW┝;ｪﾗﾐW" ヮWﾐS;ﾐデ" ┌ﾐW" ヮYヴｷﾗSW" SW" デWゲデ" SW" ヶヵ"
ゲWﾏ;ｷﾐWゲく"dﾗ┌ゲ";┗ﾗﾐゲ"Wﾐゲ┌ｷデWが"ヮﾗ┌ヴ"Iｴ;ケ┌W"ゲWﾏ;ｷﾐW"SW"ﾉ;"ヮYヴｷﾗSW"SW"デWゲデが";ﾐ;ﾉ┞ゲY"<"ﾉげ;ｷSW"
SWゲ" ゲデ;デｷゲデｷケ┌Wゲ" SW" ゲI;ﾐ" ﾉげWﾐゲWﾏHﾉW" SWゲ" ｴW┝;ｪﾗﾐWゲ" ヮﾗ┌ヴ" ｷSWﾐデｷaｷWヴ" ﾉWゲ" ヴWｪヴﾗ┌ヮWﾏWﾐデゲ"
SげｴW┝;ｪﾗﾐWゲ"ヮヴYゲWﾐデ;ﾐデ"SWゲ"W┝IXゲ"SW"ﾏﾗヴデ;ﾉｷデY"ヮ;ヴ"ヴ;ヮヮﾗヴデ"<"ﾉW┌ヴ"ヮヴﾗヮヴW"ｴｷゲデﾗヴｷケ┌Wく"

#ｷﾐゲｷ"IWデデW"ﾏYデｴﾗSW"ヮWヴﾏWデデ;ｷデ"SW"ヮヴWﾐSヴW"Wﾐ"IﾗﾏヮデW"ﾉげWﾐゲWﾏHﾉW"S┌"デWヴヴｷデﾗｷヴW"aヴ;ﾐN;ｷゲ"ヮﾗ┌ヴ"
ｷSWﾐデｷaｷWヴ"SWゲ"┣ﾗﾐWゲ"ヴWゲデヴWｷﾐデWゲ"ヮヴYゲWﾐデ;ﾐデ"┌ﾐW"ﾏﾗヴデ;ﾉｷデY"ｷﾐｴ;Hｷデ┌WﾉﾉWく"

ンくヴくン cYデｴﾗSW"SげY┗;ﾉ┌;デｷﾗﾐ""

dﾗ┌ゲ" ;┗ﾗﾐゲ" Y┗;ﾉ┌Y" ﾉ;" I;ヮ;IｷデY" SW" IWデデW" ;ヮヮヴﾗIｴW" ヮﾗ┌ヴ" SYデWIデWヴ" SWゲ" ;┌ｪﾏWﾐデ;デｷﾗﾐゲ"
;ﾐﾗヴﾏ;ﾉWゲ" SW" ﾏﾗヴデ;ﾉｷデY" I;┌ゲYW" ヮ;ヴ" SWゲ" aﾗ┞Wヴゲ" ｷﾐaWIデｷW┌┝" ケ┌W" ﾐﾗ┌ゲ" ;┗ﾗﾐゲ" ゲｷﾏ┌ﾉYゲく" ~ﾗ┌デ"
Sげ;HﾗヴSが" ﾐﾗ┌ゲ" ;┗ﾗﾐゲ" ゲｷﾏ┌ﾉY" ヱ"ヰヰヰ" aﾗ┞Wヴゲ" I;┌ゲ;ﾐデ" SWゲ" ﾏﾗヴデゲ" ゲ┌ヮヮﾉYﾏWﾐデ;ｷヴWゲ" ゲWﾉﾗﾐ" ┌ﾐ"
ﾏﾗSXﾉW"ｷﾏｷデ;ﾐデ"ﾉ;"ヮヴﾗヮ;ｪ;デｷﾗﾐ"Sげ┌ﾐW"ﾏ;ﾉ;SｷW"ｷﾐaWIデｷW┌ゲW"Wデ";┗ﾗﾐゲ"ｷﾐﾃWIデY"IWゲ"ﾏﾗヴデゲ"S;ﾐゲ"┌ﾐ"
ﾃW┌"SW"SﾗﾐﾐYWゲ"ヴYWﾉ"SW" ﾉ;"07dNく";ﾐゲ┌ｷデWが"ﾐﾗ┌ゲ";┗ﾗﾐゲ";ヮヮﾉｷケ┌Y"ﾐﾗデヴW";ﾉｪﾗヴｷデｴﾏW"ゲ┌ヴ"Iｴ;I┌ﾐ"
SWゲ"ヱ"ヰヰヰ"ﾃW┌┝"SW"SﾗﾐﾐYWゲ"ゲWﾏｷどゲ┞ﾐデｴYデｷケ┌Wゲ"ヮﾗ┌ヴ"ｷSWﾐデｷaｷWヴ" ﾉWゲ";ｪヴYｪ;デゲ"Sげ┌ﾐｷデYゲ"ゲヮ;デｷ;ﾉWゲ"
ﾏﾗﾐデヴ;ﾐデ"┌ﾐ"W┝IXゲ"SW"ﾏﾗヴデゲ"ヮ;ヴ"ヴ;ヮヮﾗヴデ"<" ﾉW┌ヴゲ"aﾉ┌Iデ┌;デｷﾗﾐゲ"ｴｷゲデﾗヴｷケ┌Wゲく";ﾐaｷﾐが"ﾐﾗ┌ゲ";┗ﾗﾐゲ"
┗YヴｷaｷY"ゲｷ" ﾉWゲ";ｪヴYｪ;デゲ" ｷSWﾐデｷaｷYゲ"ヮ;ヴ" ﾉげ;ﾉｪﾗヴｷデｴﾏW"IﾗﾐデWﾐ;ｷWﾐデ" ﾉWゲ"ﾏﾗヴデゲ"ゲ┌ヮヮﾉYﾏWﾐデ;ｷヴWゲ"ケ┌ｷ"
;┗;ｷWﾐデ"YデY";ﾃﾗ┌デYWゲく"

dﾗ┌ゲ" ;┗ﾗﾐゲ" Iｴﾗｷゲｷ" SげY┗;ﾉ┌Wヴ" ﾉ;" ﾏYデｴﾗSW" SW" SYデWIデｷﾗﾐ" Sげ;ﾐﾗﾏ;ﾉｷWゲ" ヮ;ヴ" ゲｷﾏ┌ﾉ;デｷﾗﾐが" Wﾐ"
ｷﾐﾃWIデ;ﾐデ"SWゲ"ゲｷｪﾐ;┌┝"ゲｷﾏ┌ﾉYゲ"S;ﾐゲ"┌ﾐ"ﾃW┌"SW"SﾗﾐﾐYWゲ"ヴYWﾉく"1WデデW";ヮヮヴﾗIｴW";"SYﾃ<"YデY"┌デｷﾉｷゲYW"
Wﾐ" ゲ┌ヴ┗Wｷﾉﾉ;ﾐIW" ゲ┞ﾐSヴﾗﾏｷケ┌W" Wﾐ" ゲ;ﾐデY" ｴ┌ﾏ;ｷﾐWく" ⁄ﾐW" Yケ┌ｷヮW" ;" ヮ;ヴ" W┝WﾏヮﾉW" ゲｷﾏ┌ﾉY" ﾉ;"
SｷゲヮWヴゲｷﾗﾐ" SW" ゲヮﾗヴWゲ" Sげ;ﾐデｴヴ;┝が" ﾉげｷﾐaWIデｷﾗﾐ" SWゲ" ヮWヴゲﾗﾐﾐWゲ" W┝ヮﾗゲYWゲが" ﾉ;" ヮヴﾗｪヴWゲゲｷﾗﾐ" SW" ﾉ;"
ﾏ;ﾉ;SｷW" IｴW┣" ﾉWゲ" ヮWヴゲﾗﾐﾐWゲ" ｷﾐaWIデYWゲ" Wデ" ﾉげ┌デｷﾉｷゲ;デｷﾗﾐ" SWゲ" ゲ┞ゲデXﾏWゲ" SW" ゲﾗｷﾐゲ" ヮﾗ┌ヴ" Wﾐゲ┌ｷデW"
ｷﾐﾃWIデWヴ"IW"ゲｷｪﾐ;ﾉ"S;ﾐゲ"SWゲ"WﾐヴWｪｷゲデヴWﾏWﾐデゲ"ヴYWﾉゲ"SW"SﾗﾐﾐYWゲ"ゲ┌ヴ"ﾉWゲ"┗ｷゲｷデWゲ";┌┝"┌ヴｪWﾐIWゲ"Wデ"
デWﾐデWヴ"SW"ﾉW"SYデWIデWヴく"

⁄デｷﾉｷゲWヴ" SWゲ" SﾗﾐﾐYWゲ" ヴYWﾉﾉWゲ" ヮﾗ┌ヴ" Y┗;ﾉ┌Wヴ" ﾉWゲ" ヮWヴaﾗヴﾏ;ﾐIWゲ" SW" SYデWIデｷﾗﾐ" ;┌ヴ;ｷデ" ヮWヴﾏｷゲ" SW"
SYﾏﾗﾐデヴWヴ"ヮﾉ┌ゲ"SｷヴWIデWﾏWﾐデ"ﾉげWaaｷI;IｷデY"SW"ﾉ;"ﾏYデｴﾗSW"ふﾗ┌"ゲﾗﾐ";HゲWﾐIW"SげWaaｷI;IｷデYぶ"ヮﾗ┌ヴ"┌ﾐ"
Y┗YﾐWﾏWﾐデ" ヮ;ヴデｷI┌ﾉｷWヴく" dﾗ┌ゲ" ;┗ｷﾗﾐゲ" ﾐﾗデ;ﾏﾏWﾐデ" ｷﾐｷデｷ;ﾉWﾏWﾐデ" Wﾐ┗ｷゲ;ｪY" SげY┗;ﾉ┌Wヴ" ﾉWゲ"
ヮWヴaﾗヴﾏ;ﾐIWゲ" SW" ﾐﾗデヴW" ;ヮヮヴﾗIｴW" <" ヮ;ヴデｷヴ" SW" ﾉげYヮｷ┣ﾗﾗデｷW" SW" E1jく" ;ﾐ" WaaWデが" ﾐﾗ┌ゲ"Sｷゲヮﾗゲｷﾗﾐゲ"
Sげ┌ﾐW"H;ゲW"SW"SﾗﾐﾐYWゲ"ﾐ;デｷﾗﾐ;ﾉW"IﾗﾐデWﾐ;ﾐデ"ﾉWゲ"ﾐﾗデｷaｷI;デｷﾗﾐゲ"ﾗaaｷIｷWﾉﾉWゲ"SW"aﾗ┞Wヴゲ";┗WI"ﾉ;"ﾉｷゲデW"
SWゲ"YﾉW┗;ｪWゲ"SYIﾉ;ヴYゲ" ｷﾐaWIデYゲ"Wデ"SW"ﾉW┌ヴ"S;デW"SげｷﾐaWIデｷﾗﾐく"1WヮWﾐS;ﾐデが"IﾗﾏﾏW"ﾐﾗ┌ゲ" ﾉげ;┗ﾗﾐゲ"
Y┗ﾗケ┌Y"S;ﾐゲ" ﾉげ;ヴデｷIﾉW" ンが" ﾐﾗ┌ゲ" ゲ┌ゲヮWIデｷﾗﾐゲ" ┌ﾐ" ゲﾗ┌ゲ" Sｷ;ｪﾐﾗゲデｷI" SWゲ" YﾉW┗;ｪWゲ" Wデ" SWゲ" ;ﾐｷﾏ;┌┝"
ｷﾐaWIデYゲが" ヮ;ヴデｷI┌ﾉｷXヴWﾏWﾐデ" ;┌" SYH┌デ" SW" ﾉげYヮｷ┣ﾗﾗデｷW" ﾉﾗヴゲケ┌W" ﾉWゲ" YﾉW┗W┌ヴゲ" Wデ" ﾉWゲ" ┗YデYヴｷﾐ;ｷヴWゲ"
ﾐげYデ;ｷWﾐデ"ヮ;ゲ"a;ﾏｷﾉｷWヴゲ";┗WI"ﾉ;"ﾏ;ﾉ;SｷWく"]げｷSWﾐデｷaｷI;デｷﾗﾐ"SWゲ"YﾉW┗;ｪWゲ"ｷﾐaWIデYゲ"Yデ;ｷデ"ヮ;ヴ";ｷﾉﾉW┌ヴゲ"
Iﾗﾏヮﾉｷケ┌YW"ヮ;ヴ" ﾉ;"Iヴ;ｷﾐデW"SWゲ"YﾉW┗W┌ヴゲ"┗ｷゲど<ど┗ｷゲ"SWゲ"IﾗﾐゲYケ┌WﾐIWゲ"YIﾗﾐﾗﾏｷケ┌Wゲ"Wデ"ゲﾗIｷ;ﾉWゲ"
Sげ┌ﾐW"デWﾉﾉW"SYIﾉ;ヴ;デｷﾗﾐく"jヴが"ヮﾗ┌ヴ"┌デｷﾉｷゲWヴ"SWゲ"SﾗﾐﾐYWゲ"ヴYWﾉﾉWゲ"IﾗﾏﾏW"ｪﾗﾉS"ゲデ;ﾐS;ヴS"S;ﾐゲ"┌ﾐW"
Yデ┌SW"SW"ヮWヴaﾗヴﾏ;ﾐIWゲが"ｷﾉ"Wゲデ"ﾐYIWゲゲ;ｷヴW"Sげ;┗ﾗｷヴ"┌ﾐW"ｪヴ;ﾐSW"Iﾗﾐaｷ;ﾐIW"S;ﾐゲ"ﾉWゲ"SﾗﾐﾐYWゲ"ゲ┌ヴ"
ﾉWゲ" aﾗ┞Wヴゲく" dﾗ┌ゲ" ゲ;┗ｷﾗﾐゲ" ケ┌W" ﾉWゲ" SﾗﾐﾐYWゲ" Sﾗﾐデ" ﾐﾗ┌ゲ" Sｷゲヮﾗゲｷﾗﾐゲ" ﾐW" ヴWIWﾐゲ;ｷWﾐデ" ヮ;ゲ" SW"
ﾏ;ﾐｷXヴW"W┝ｴ;┌ゲデｷ┗W"Wデ"ゲ┞ゲデYﾏ;デｷケ┌W"ﾉWゲ"aﾗ┞Wヴゲ"ゲ┌ヴ┗Wﾐ┌ゲが"Wデ"ゲ┌ヴデﾗ┌デ"ヮ;ゲ"ﾉWゲ"ヮヴWﾏｷWヴゲく"⁄デｷﾉｷゲWヴ"



1ｴ;ヮｷデヴW"ン"

ヲヱΒ"
"

IWゲ"SﾗﾐﾐYWゲ"ヴYWﾉﾉWゲ"ﾐげ;┌ヴ;ｷWﾐデ"SﾗﾐI"ヮ;ゲ"ヮWヴﾏｷゲ"SW"Sｷゲデｷﾐｪ┌Wヴ"ﾉWゲ"┗Yヴｷデ;HﾉWゲ"a;┌┝"ヮﾗゲｷデｷaゲ"SWゲ"
┗ヴ;ｷゲ"ヮﾗゲｷデｷaゲ"ﾐﾗﾐ"ｷSWﾐデｷaｷYゲ"ゲ┌ヴ"ﾉW"デWヴヴ;ｷﾐく"

c;ﾉｪヴY"ﾉW┌ヴゲ"ﾉｷﾏｷデWゲが"ﾉWゲ";ヮヮヴﾗIｴWゲ"ヮ;ヴ"ゲｷﾏ┌ﾉ;デｷﾗﾐ"ﾗﾐデ"Sげ;┌デヴW"ヮ;ヴデ"ﾉげ;┗;ﾐデ;ｪW"SげZデヴW"aﾉW┝ｷHﾉWゲ"
Wデ"SW"ヮWヴﾏWデデヴW"SW"ヴWaﾉYデWヴ"デﾗ┌デ"┌ﾐ"Y┗Wﾐデ;ｷﾉ"SW"ゲｷデ┌;デｷﾗﾐゲが";┌"Iﾗﾐデヴ;ｷヴW"SWゲ"SﾗﾐﾐYWゲ"ヴYWﾉﾉWゲ"
ケ┌ｷ"ﾐW"ヮWヴﾏWデデWﾐデ"ﾉげYデ┌SW"ケ┌W"Sげ┌ﾐ"I;ゲ"ヮ;ヴデｷI┌ﾉｷWヴく""

vﾗ┌ヴ" ﾐﾗ┌ゲ" ヴ;ヮヮヴﾗIｴWヴ" SW" IﾗﾐSｷデｷﾗﾐゲ" ヴYWﾉﾉWゲが" ﾐﾗ┌ゲ" ;┗ﾗﾐゲ" SYIｷSY" SW" ﾐW" ヮ;ゲ" SYデWヴﾏｷﾐWヴ" ﾉ;"
ﾏ;ｪﾐｷデ┌SWが" ﾉ;" S┌ヴYWが" ﾉげWゲヮ;IW"SW"ヮヴﾗヮ;ｪ;デｷﾗﾐ"Wデ" ﾉ;" ヮヴﾗｪヴWゲゲｷﾗﾐ" デWﾏヮﾗヴWﾉﾉW"SWゲ" aﾗ┞Wヴゲ"ケ┌W"
ﾐﾗ┌ゲ";┗ﾗﾐゲ"ゲｷﾏ┌ﾉYゲが"ﾏ;ｷゲ"SW"ﾏﾗSYﾉｷゲWヴ" ﾉWゲ"aﾗ┞Wヴゲ"ゲWﾉﾗﾐ"┌ﾐ"ﾏﾗSXﾉW"YヮｷSYﾏｷケ┌W"ヮヴWﾐ;ﾐデ"Wﾐ"
IﾗﾏヮデW"ﾉ;"ヮヴﾗヮ;ｪ;デｷﾗﾐ"SW"ﾉ;"ﾏ;ﾉ;SｷW"<"ﾉ;"aﾗｷゲ"SW"ヮヴﾗIｴW"Wﾐ"ヮヴﾗIｴW";ｷﾐゲｷ"ケ┌W"ヮ;ヴ"ﾉW"Hｷ;ｷゲ"SWゲ"
YIｴ;ﾐｪWゲ"IﾗﾏﾏWヴIｷ;┌┝"Sげ;ﾐｷﾏ;┌┝"┗ｷ┗;ﾐデゲく"#ｷﾐゲｷ"ﾐﾗ┌ゲ";┗ﾗﾐゲ"ヮ┌"Y┗;ﾉ┌Wヴ"ﾉWゲ"ヮWヴaﾗヴﾏ;ﾐIWゲ"SW"
ﾐﾗデヴW";ﾉｪﾗヴｷデｴﾏW"SW"SYデWIデｷﾗﾐ"ゲ┌ヴ"┌ﾐ"ﾉ;ヴｪW"Y┗Wﾐデ;ｷﾉ"SW"aﾗ┞Wヴゲ"┗;ヴｷ;ﾐデ"ヮ;ヴ"ﾉ;"デ;ｷﾉﾉW"Wデ"ﾉ;"aﾗヴﾏWが""
IW"ケ┌ｷ"Yデ;ｷデ"ヮ;ヴデｷI┌ﾉｷXヴWﾏWﾐデ"ｷﾏヮﾗヴデ;ﾐデ"Yデ;ﾐデ"SﾗﾐﾐY"ケ┌W"ﾐﾗ┌ゲ"デヴ;┗;ｷﾉﾉｷﾗﾐゲ"S;ﾐゲ"ﾉW"I;SヴW"Sげ┌ﾐ"
Sｷゲヮﾗゲｷデｷa"SW"ゲ┌ヴ┗Wｷﾉﾉ;ﾐIW"ﾐﾗﾐ"ゲヮYIｷaｷケ┌Wく"



1ｴ;ヮｷデヴW"ン"

ヲヱΓ"
"

ンくヵ #ヴデｷIﾉW"ヵ" ぎ";┗;ﾉ┌;デｷﾗﾐ"SWゲ"ヮWヴaﾗヴﾏ;ﾐIWゲ"Sげ┌ﾐ";ﾉｪﾗヴｷデｴﾏW"ヮﾗ┌ヴ"SYデWIデWヴ"
SWゲ" ;┌ｪﾏWﾐデ;デｷﾗﾐゲ" ｷﾐｴ;Hｷデ┌WﾉﾉWゲ" SW" ﾉ;" ﾏﾗヴデ;ﾉｷデY" ゲｷﾏ┌ﾉYWゲ" ゲWﾉﾗﾐ" ┌ﾐ"
ゲIWﾐ;ヴｷﾗ"Yヮｷ┣ﾗﾗデｷケ┌W"

"

"

"
Evaluating the performances of an algorithm for detecting abnormal 

mortality increases simulated according to an epidemic scenario in cattle 

population 
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Abstract 

We performed a simulation study to evaluate the performances of an anomaly detection 

algorithm considered in the frame of an automated surveillance system of cattle mortality.  

The method that we evaluated was a combination of temporal regression and spatial cluster 

detection which allows identifying, for a given week, clusters of spatial units showing an 

excess of deaths in compare to their own historical fluctuations.  

First, we simulated 100 outbreaks causing extra deaths in the French cattle population 

according to a model mimicking the spreading patterns of an infectious disease and injected 

these disease-related extra deaths in an authentic mortality dataset. Second, we applied our 

algorithm on each of the 100 semi-synthetic dataset obtained by simulation to identify clusters 

of spatial units showing an excess of deaths considering their own historical fluctuations. 

Third we verified if the clusters identified by the algorithm did contain simulated extra deaths 

in order to evaluate the ability of the algorithm in identifying unusual mortality clusters 

caused by an outbreak. 

Among the 100 simulations, the median duration of simulated outbreaks was 8 weeks, with a 

median number of 4,678 simulated deaths and 408.5 infected herds. 75% of the outbreaks 

simulated were detected within the 12-week trial period. The median timeliness for detection 

among these successful simulations was 1 week, with a mean of 1.96 weeks.  

The results of our study confirmed that in certain conditions automated algorithms could help 

identifying abnormal cattle mortality increases possibly related to unidentified health events. 

Introduction 

Most public health agencies of developed countries have collected for a long time human 

mortality data in order to monitor chronic diseases, plan public health programs or evaluate 

their efficiency (Gergonne, 2010). These purposes did not require data to be collected and 

analyzed in a timely manner. But after the heat wave that hit Europe in 2003, several 

countries implemented systems aimed at rapidly detecting sudden increases of human 

mortality. A European project, called EuroMoMo (European Mortality Monitoring) and 

gathering 20 Member States, was notably launched in 2008 to promote and implement weekly 

surveillance of mortality in Human population at the European level, in order to possibly 

detect health threats such as major epidemics, extreme weather events and deliberate or 

accidental release of biological or chemical agents (Gergonne, 2010; Kanieff et al., 2010). In 

animal health, mortality surveillance systems dedicated to early warning are uncommon 

although many data are routinely collected, notably through national registers and rendering 

plants. These huge databases, which are theoretically comprehensive and rapidly updated, 

have regularly been used for retrospective analyses but not for implementing prospective 

surveillance systems.  

In 2009, a research project was launched with the aim of using cattle mortality data that are 

already routinely collected in France to monitor cattle population health and report unusual 

mortality patterns. Retrospective studies were first carried out to model the cattle mortality 

baseline in France (Perrin et al., 2011) and assess the impact of the 2008 Bluetongue disease 

epidemics (Perrin et al., 2010). These studies confirmed the quality of the two databases 

available, the National cattle register (NCR) and the Fallen stock data interchange (FSDI), and 

their potential suitability for surveillance (Perrin et al., 2012). However, the most adequate 

methods to prospectively analyse the continuous flow of cattle mortality data and rapidly 

identify anomalies still needed to be identified.  
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Many methods for detecting outbreaks have already been considered for epidemiological 

surveillance, most being based on the detection of anomalies in time series (Farrington and 

Andrews, 2004). The choice of a particular algorithm to detect unusual signals (e.g., abnormal 

increases of deaths) in the evolution of an health indicator remains difficult since their 

performances greatly vary according to factors related to the signal to be detected (time of 

onset, magnitude, space and time progression), the baseline of the indicator monitored 

(incidence, shape and variation) and the system itself (data source, data quality, processing 

frequency…). 

Evaluating the performance of outbreak detection methods is thus essential to assess their 

efficiency in detecting early and accurately signals that indicate changing health patterns 

(Mandl et al., 2004). Two main types of approaches of evaluation can be considered: 

Epidemiological and Simulation approaches (Watkins et al., 2006). The Epidemiological 

approach is based on authentic outbreaks which occurrence is determined by objective criteria 

derived from epidemiological investigations or by expert judgment. This approach can be 

carried out prospectively when the surveillance system is operational, by describing which 

naturally occurring outbreaks are detected and missed (Buehler et al., 2004). In the absence of 

historical data containing known examples of events a surveillance system is designed to 

detect, evaluation of the detection system performances is only possible using simulation 

(Groenewold, 2007). In contrast to studies based on authentic datasets which can only 

estimate performances for a particular event in certain conditions, simulation studies are 

flexible and allow more comprehensive characterization of detection properties since the 

number and timing of cases added to the baseline is perfectly known (Siegrist and Pavlin, 

2004). 

The objective of our study was to evaluate the performances of a method that we designed for 

detecting abnormal increases in the cattle baseline mortality in France. The method that we 

evaluated was a combination of temporal regression and spatial cluster detection which allows 

identifying, for a given week, clusters of spatial units showing an excess of deaths in compare 

to their own historical fluctuations. The ability of this approach to detect abnormal increases 

of mortality caused by infectious outbreaks was evaluated through a simulation study. 

First, we simulated 100 outbreaks causing extra deaths according to a model mimicking the 

spreading patterns of an infectious disease and injected these disease-related extra deaths in an 

authentic mortality dataset. Second, we applied our algorithm on each of the 100 semi-

synthetic dataset obtained by simulation to identify clusters of spatial units showing an excess 

of deaths considering their own historical fluctuations. Third we verified if the clusters 

identified by the algorithm did contain simulated extra deaths in order to evaluate the ability 

of the algorithm in identifying unusual mortality clusters caused by an outbreak.Finally we 

discussed the results and the relevance of the evaluation approach, and the next steps to 

achieve the implementation of an automated cattle mortality surveillance system. 

Material and methods 

Data were administrated with Toad for MySQLTM (Quest software Inc, 2011), analyzed with 

RTM (R Development Core Team, 2011) and scan statistics were computed with 

SatSCANTM software (Kulldorf, 2009). The study was based on the cattle identification data 

and movement notifications recorded in the French NCR from 2005 to 2010. We kept data 

from mainland France only and excluded French overseas territories. 
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Creating the baseline dataset 

First, we used data extracted from the NCR to compute the weekly number of cattle deaths 

and number of animals-days alive by herd using the algorithm described in (Perrin et al., 

2010). Then, we divided mainland France in 1,125 regular hexagons of 25 km diameter using 

the R packages Hexbin (Carr et al., 2011). Each farm (about 220,000) was attributed to the 

hexagon that contained the centroid of its zip code. Finally the number of deaths and number 

of animal-days alive were aggregated by week and hexagon.  

As a result, for each of the 1,125 hexagons, we obtained a time series of weekly mortality rate 

from 2005-01-01 to 2010-02-01 (Figure 60). The period before 2008-11-03 (196 weeks) was 

kept as “calibration period” for the temporal anomaly detection methods whereas the 65-week 

period from 2008-11-03 to 2010-02-01 was used as “test period”, during which we injected 

simulated increases of mortality and applied our algorithm to detect them. 

  

Figure 60: Aggregation of cattle mortality data in regular hexagonal grid across France (top) and weekly 

time series from 2008-11-03 to 2010-02-01 (bottom). The black line in the time series represents observed 

weekly counts of on-farm deaths for the 65-week test period in hexagon n° 890. The red points represent 

the three values that were smoothed in this time series after correcting for atypical observations. 

The 65-week trial dataset contained atypical observations whose nature (i.e. real increases 

mortality caused by a health event or artifacts) was unknown. To correct these atypical 

observations from the baseline dataset we applied to each time series an automated method 

proposed by (Fried, 2004), based on a robust regression functional for local approximation of 

a linear trend in a moving time window. The level and the slope in the centre of the moving 

time window were approximated using repeated median as high breakdown point method. 

Rousseeuw and Croux scale estimator was applied to the residuals to approximate the 

variability in the window (Fried, 2004). Counts that exceeded the level plus three times the 

scale were considered as outliers and replaced by the current level estimate (Figure 60).  
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Method used to identify clusters of hexagons presenting excess deaths in comparison 

to their own historical fluctuations 

The method to identify abnormal increase of mortality was conducted in two steps.  

Poisson regression models 

In each hexagon, we fitted a Poisson model on the calibration period (before 2008-11-03) and 

used it to predict the weekly number of deaths during the test period (2008-11-03 – 2010-02-

01).  

To reduce the effect of past aberrations in the calibration period, we performed a second 

round of estimation of the model, weighting the observed values by the inverse of their 

residuals, according to the procedure proposed in (Farrington et al., 1996). Reweighting was 

conducted using the R “surveillance” package (Hohle et al., 2009). Models took into account 

a month effect and a trend, which was systematically removed when not significant (p-value < 

5%). An overdispersion parameter was added when the overdispersion of the errors of the 

Poisson models were tested significant, using the R poisgof() function (Virasakdi, 2012).  

Finally, we used the models to predict the number of deaths by week and hexagon during the 

test period under the hypothesis of the absence of any particular health event. 

Spatial scan statistics 

Spatial clusters of hexagons showing excess mortality in compare to their own historical 

fluctuations were tracked each week of the test period (2008-11-03 to 2010-02-01) using scan 

statistics computed with the SatSCanTM software (Kulldorf, 2009). The scan statistics was 

based on a Poisson model which requires information on the number of cases and the size of 

the population in each location. With this model, raw population numbers can be replaced by 

covariate adjusted for the expected number of cases estimated by standard statistical 

regression (Kulldorff et al., 1997). 

For our algorithm, the number of cases, referred to below as “observed number of deaths”, 

corresponded to the number of real deaths plus the number of simulated deaths (if any). 

Population numbers were replaced by the “expected number of deaths”, i.e. the number of 

deaths predicted by the models adjusted for each hexagon described previously.  

The maximum cluster size was set to 20% of the cattle population under surveillance. Only 

most likely clusters were taken into account. For each week of the test period, the scan 

statistics analysis gave: the list of the hexagons included in the cluster identified, the 

probability that the cluster result from a random distribution of cases (p-value), and the 

relative risk of mortality inside the cluster in comparison to outside (RR).  

Simulating and injecting disease-related deaths in the baseline dataset 

Each simulation began with a random sampling of a farm among the French farms and a date 

between 2008-11-03 and 2009-11-04. Extra deaths were simulated according to a scenario of 

an infectious disease which spreads rapidly in the cattle population and causes moderate 

mortality in infected herds. The spread of the outbreak was then simulated during a maximum 

of 12 weeks according to a model taking into account both within-herd and between herd 

dissemination of the disease (Rautureau et al., 2012). The details of this model and the values 

of its parameters are given in Annex I. 

Within-herd dissemination was modelled using a SIR model, which gave the number of 

Susceptible, Infected, Recovered and dead animals by day after the disease was introduced in 

a herd. We considered a disease with a reproduction ratio R0 of 5, a recovery duration of 7 
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days and daily mortality rates of 0.03. NCR data were used to determine the number of 

susceptible animals in herds during the 12 weeks of the simulation.  

Between-herd dissemination was modelled by taking into account both spatial location of 

herds and the exchanges of live cattle between herds. Since geographic coordinates of French 

herds were unknown, they were drawn at random inside their zip code (once for all the 

simulations). The probability that an infected herd infects a susceptible neighbouring herd was 

defined by the transmission kernel, which determines the probability of pathogen transmission 

from infected to uninfected farms as a function of interfarm distance (see Annex I). 

Probability that an infected herd transmits the disease through the selling of an animal was 

defined by the disease prevalence in the origin herd at that time and a biosecurity parameter. 

Movement notifications recorded in the NCR were used to identify the date and destination 

herd of cattle sold by infected herds during the simulation period. 

Parameters were set to represent a disease which disseminates rapidly in the population but 

causes a moderate increase in mortality and a rapid recovery.  

As a result, each simulation gave for the 12 weeks following the introduction of the disease: 

the identification number of the infected herds and their date of infection, and the number of 

extra deaths caused by the disease by date and infected herd. Weeks during which at least one 

simulated death was injected were defined as “Outbreak weeks”. 

100 outbreaks were simulated. For each of them, the simulated deaths were aggregated by 

hexagon and week and injected in the baseline dataset described previously. We obtained in 

this manner 100 semi-synthetic datasets containing an abnormal increase of deaths caused by 

a simulated outbreak. Features of these outbreaks were summarized with the median, 10
th

 and 

90
th

 quantiles of the number of deaths simulated, infected herds and hexagons, and outbreak 

duration. 

Performances evaluation 

To evaluate the performances of the algorithm in detecting the abnormal increase of mortality 

caused by an outbreak, we applied the algorithm on each of the 100 semi-synthetic datasets 

and verified for each of the 100 trials if the hexagons clustered by our algorithm were those 

that contained the simulated extra deaths that had been injected. 

Alarm definition 

For each week of the test period, the cluster analysis led either to a true alarm, a false alarm or 

no alarm. A true alarm was defined as the identification of a cluster containing at least one 

hexagon with one or more simulated death, referred to below as “infected hexagons”. A false 

alarm was defined as the identification of a cluster containing no hexagon with simulated 

deaths. There was no alarm when the algorithm did not identify a cluster of hexagons.  

Calibrating the algorithm to reach a given specificity 

We only considered clusters which p-value was under a predefined maximal threshold (g) and 

which relative risk was above a predefined minimal threshold (RRc). Values of g and RRc

were set so as to constrain the alarm rate to remain under 4 alarms per semester, which we 

considered as a sustainable threshold for a veterinary health service. To do so, the anomaly 

detection algorithm was run on the baseline dataset without injecting any extra deaths and 

parameters were empirically set to reach the desired alarm rate. 
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Indicators estimated from each trial  

From each of the 100 trials, we recorded the p-value, relative risk and locations included in 

the clusters identified on each week of the test period.  

We calculated eight performance indicators at the end of each trial, defined in Table 3. 

Specificity was not evaluated since it was constrained by the design of the study. For 

sensitivity, positive and negative predictive values, two types of indicators were computed. 

The first, type (a), was based on the number of true/false alarms produced over the 65 weeks 

of the test period. The second, type (b), was based on the number of hexagons-weeks 

included/not included in clusters during the test period. 

Table 3 : Performances indicators stored from each run 

Indicator Definition

Success Succ Succes equal 1 if there is at least one true alarm during the trial, 0 otherwise 

Timeliness Time Number of weeks elapsed between the first simulated death and the first true alarm 

Sensitivitya Sea Proportion of weeks with a true alarm among the outbreak weeks  

Positive 
predictive 

valuea

PPVa Proportion of true alarms among the alarms 

Negative 
predictive 

valuea

NPVa Proportion of weeks with no simulated death among the weeks without alarm 

Sensitivityb Seb Proportion of hexagons-weeks included in a cluster among hexagons-weeks infected 

Positive 
predictive 

valueb

PPVb
Proportion of hexagons-weeks infected among all the hexagons-weeks included in a 
cluster 

Negative 
predictive 

valueb

NPVb
Proportion of hexagons-weeks not infected among the hexagons-weeks not included 
in a cluster 

The second type of estimates (b) was proposed to complement the evaluation and to know not 

only if an outbreak is detected but also to estimate which proportion of infected locations was 

actually detected.  

Indicators summarizing performances over the 100 trials 

We estimated the global proportion of success (i.e. at least one true alarm during the trial) 

among all trials and the cumulative proportion of successes, calculated as the proportion of 

success per week after the introduction of the disease. The distribution of each other 

performance indicator (Table 3) was computed (mean, median, 10
th

 and 90
th

 quantiles) over 

all trials, and for three groups of outbreaks classified according to the number of deaths 

simulated ([0-100], ]100-10,000], ]10,000-ı[).  

Results 

Creating the baseline dataset 

As a result of the filtering, 5.2% of the weekly-hexagonal counts in the initial dataset (3,792 

from 73,120) were considered as outliers and trimmed, which resulted in the removal of 

21,802 deaths from the 1,686,387 deaths observed in the real dataset corresponding to the test 

period (1.3%). 
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Simulating and injecting disease-related deaths in the baseline dataset 

The median duration of outbreaks among the 100 simulations was 8 weeks (91% of the 

simulated outbreaks ended within the 12 weeks period of the outbreak simulation). The 

median number of simulated deaths was 4,678 and the median number of infected herds was 

408. Summarized results of outbreak simulation are presented in Table 4. 

Table 4 : Median and [10%-90%] fluctuation interval for 8 indicators: duration of the outbreak in weeks, 

number and proportion* of simulated deaths, number and proportion* of infected herds, and number and 

proportion* of infected hexagons 

Duratio
n 

(weeks)

No. of 
simulated 

deaths

Prop. of 
simulated 

deaths* (%)

No. of 
infected 
herds

Prop. of 
infected  

herds* (%)

No. of 
infected 

hexagons

Prop. of 
infected  

hexagons* (%)

Q10 4 43.9 <0.001 2 <0.001 1 0.1 

Q50 8 4,678 1.75 408 0.19 22 1.95 

Q90 12 15,975 9.1 1538 0.72 67.3 6.02 

* Proportion of simulated deaths, infected herds and hexagons were respectively calculated towards the total number of deaths 
that occurred during the course of the outbreak, and the total number of herds and hexagons under surveillance over this 
period. 

Median and [10%-90%] fluctuation interval of the weekly average number of simulated 

deaths among infected herds was 1.5 [1-44.6]. The median number of simulated deaths per 

outbreak showed a peak (111 simulated deaths) on the 4
th

 week after introduction of the 

disease (Figure 61). Feature of the outbreaks varied dramatically between simulations: the 

75
th

 quantile of the number of simulated deaths reached 902 on week 4 and peaked on week 6 

with 1,893 deaths whereas the 25
th

 quantile was 3 on week 4 and 0 on week 6. Median 

number of infected herds and hexagons peaked on the 4
th

 and 5
th

 week after introduction of 

the disease, respectively. 

Figure 61 : Median (and 0.25-0.75 quartile) of the number of total (observed + simulated) deaths (a), of 

simulated deaths (b), of infected herds (c) and of infected hexagons (d) by week over the 12 weeks 

following the start of the simulation, among the 100 simulations. 

The total number of simulated deaths and the number of infected herds and hexagons issued 

from the 100 simulations showed a bimodal distribution. 60% of the simulations ended either 

in less than 100 or more than 15,000 simulated deaths (Figure 62). Among simulations, 

number of infected herds peaked at [1-100] and [1,400-1,500], and number of infected 

(b) 

(c) (d) 

(a) 
Median Median

Median Median
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hexagons peaked at [1-5] and [50-55]. The duration of the outbreak was less variable among 

simulations with 70% of simulations lasting between 4 and 9 weeks. 

Figure 62 : Distribution of the total number of simulated deaths (a), the number of  infected herds (b) and 

hexagons (c), and duration of the outbreak (d) among the 100 simulations. 

Evaluating the performances 

Calibrating the algorithm to reach a given specificity 

To ensure a sufficient specificity, only clusters with p-value under 0.001 and relative risk 

higher than 1.25 were considered. With these constraints, the method identified 9 clusters in 

the 65-week smoothed baseline dataset free from injected signals. Thus the proportion of 

weeks without alarm was 86.5%, what corresponded to a biannual alarm rate of 3.6. Globally 

235 hexagons-weeks out of 73,120 hexagons-weeks under surveillance (0.3%) were included 

in a cluster.  

Indicators estimated  

The global success rate was 75%. There was a very steep increase of success on the first week 

following the introduction of the disease (week 1). Success proportion increased from 4.1% to 

39% between week 0 (the week during which the disease was introduced) and week 1 (the 

following week). On following weeks, the increase was slighter (Figure 63). 

Figure 63: Cumulative proportion of success (i.e. identification of a cluster containing at least one hexagon 

with one or more simulated death) by week after the introduction of the disease. 

The median timeliness for detection among successful simulations was 1 week, with a mean 

of 1.5 weeks (Table 5). Mean Sea and PPVa among the simulations were respectively 51.1% 

and 32.1%, i.e. approximately half of the outbreak weeks were flagged by a true alarm 
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whereas one in three alarms was a true alarm. Mean Seb was 13.1%, i.e. 13.1% of the infected 

hexagons-weeks were included in a cluster. The mean NPVa was equal to 94.5%, i.e. 94.5% 

of the weeks without alarm were not outbreak weeks.

Table 5: Distribution of the 6 performances indicators among the 100 simulations 

INDIC Time Sea Seb PVPa NPVa NPVb

Q10 1 0 0 0 88.7 99.8 

MEDIAN 1 66.7 13.1 38.75 95.7 99.9 

Q90 3 90 25.1 57.2 100 100 

MEAN 1.5 51.1 13.3 32.1 94.5 99.9 

The performance of the indicators varied among the simulations (Figure 64). For most 

indicators distribution was rather multimodal than unimodal. 

"
Figure 64: Distribution of the 6 performances indicators for method I among the 100 simulations. 

Among the 75% simulations ending with a success, the median number of simulated deaths at 

the first alarm was 129 and the median number of infected herds was 13 (Table 6). The 

median average number of simulated deaths in infected herds at the week of the first alarm 

was 4.1 (Q10=2.4, Q90=7.3). 

Table 6: Median size of the outbreak at the first alarm. 

No. of 
simulated 

deaths

Prop. of 
simulated 

deaths* (%)

No. of infected 
herds 

Prop. of 
infected  

herds* (%)

No. of infected 
hexagons 

Prop. of 
infected  

hexagons* (%)

Q10 69 0.1 6.4 <0.001 1 0.1 

MEDI
AN

129 0.2 13 <0.001 2 0.2 

Q90 333.4 0.5 36 <0.001 4 0.4 

* Proportion of simulated deaths was calculated regarding the total number of deaths that occurred during the course of the 
outbreak. 
** Proportion of infected herds and hexagons were calculated regarding the total number of herds and hexagons under 
surveillance during the course of the outbreak. 

Effect of the outbreak size 

Size of the outbreak affected greatly the performances of detection. Among the 25% 

outbreaks that were not detected by the algorithm, the median overall number of simulated 
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deaths at the end of the simulation was 46 and the median number of infected herds was 2. 

The algorithm detected none of the outbreaks causing less than 100 deaths whereas it detected 

all outbreaks causing more than 10,000 deaths (Table 7). Our algorithm detected 84.4% of the 

outbreaks with a size ranging from 101 to 10,000 deaths. 

Table 7: Number of simulations, proportion of success, and mean of the 6 indicators according to the size 

of simulated outbreaks. 

Nb 
sim.

Succ 
(%)

Timeliness 
(weeks)

Sea Seb PVPa NPVa NPVb

Small 20 0 NA 0 0 0 100 0.149

Medium 32 84.4 0.6 0 0 0 99.9 0.132

Large 48 100 1 8.81 71.4 40 99.7 0.092

Small : <= 100 simulated deaths, Medium : 101-10,000 simulated deaths, Large : > 10,000 simulated deaths  

Discussion 

The purpose of our study was to evaluate performances of an algorithm developed for 

detecting abnormal increases of deaths in the frame of an automated surveillance system of 

cattle mortality in France. 

Results of the performances evaluation 

We observed a proportion of success of 75% among the simulations. As expected, the 

detection performances varied greatly according to the size of the simulated outbreaks. We 

found a proportion of successes of 84.4% when we considered only outbreaks causing more 

than 100 deaths. However, our approach was hardly able to identify outbreaks causing less 

than 100 deaths. We examined the effect of outbreak size with a stratified computing of the 

performance indicators among the different groups of outbreaks.  

The proportion of successes among the simulations is not very informative by itself: in our 

study, half of the simulations caused a number of disease-related deaths that could not be 

overlooked (15,000 extra deaths correspond to an increase of 5% of the national average 

weekly death number during 12 weeks). The cumulative proportion of successes is more 

informative and confirmed that the sensitivity of the system was satisfying: cumulative 

proportion of successes was 52 and 69% on week 1 and 4 respectively, when the median 

number of simulated deaths was respectively 106 and 711 on these weeks. 

The mean estimate of Sea showed that almost half of the outbreak weeks were flagged with a 

true alarm whereas the value of Seb showed that on average only 13% of the infected 

hexagons-weeks were clustered. These results suggest that once a cluster is identified, the 

number of locations infected will actually often be greater than the number of locations 

included in the cluster. This low value of Seb could be related to the maximal size of clusters 

(20% of the population) we set for the scan statistics but this limitation was necessary to make 

the results of cluster detection useful for policy makers. The low value of Seb should also be 

linked to the very strict definition of cases we applied: from one single simulated deaths, 

hexagons were considered as cases (infected hexagons). Thus many infected hexagons not 

included in a cluster may actually contain very few extra deaths. In addition, our algorithm 

was designed to detect atypical mortality signals in neighboring hexagons only, although the 

disease was simulated to spread also to distant locations through the commercial network of 

farms. As a consequence, some signals appeared simultaneously in distant locations, what our 

algorithm was not designed to detect.  

The global timeliness for outbreak detection, that corresponded in our study to the delay 

between the onset of a signal (increased mortality in cattle herd) and the generation of an 
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automated alert, was satisfactory: the mean detection time was 1.5 weeks among success for a 

relatively small size of outbreak at first alarm (mean of 129 simulated deaths and 13 infected 

herds). These results suggest that the algorithm could identify an increase in mortality at a 

stage early enough to allow policy makers to order investigations and organize response, with 

the limit that other factors affecting the global timeliness of the system (such as the time 

between the exposure and the first excess deaths, the data collection timeliness, the frequency 

at which the algorithm is run, etc.) are adequate. 

Beside timeliness and sensitivity, specificity is the third main descriptor for outbreak 

detection performances. Specificity of a detection algorithm can be evaluated on baseline data 

without injecting any signals (Groenewold, 2007), with the condition that the baseline did not 

contain any signals from true outbreaks. This assumption was not applicable to the authentic 

dataset available for this study, because we did not have information to distinguish real health 

events from artifacts. We decided to systematically remove outliers from our baseline data 

and thus could not properly evaluate the specificity of our algorithm. Filtering the baseline 

was also needed to evaluate the performances regarding sensitivity and timeliness, which 

could have been affected by the presence of authentic signals in the baseline. Using a 

smoothed authentic baseline allowed us to test the algorithms in conditions closer to reality 

than with a fully synthetic baseline. Indeed the smoothed dataset remained close to the initial 

dataset since the filtering method removed less than 1.3% of the death counts. Theoretically 

the smoothing did not affect main features of the cattle mortality baseline observed in France: 

important seasonality which varies among regions, long term variations from one year to 

another, spatial heterogeneity… 

Design of the detection algorithm 

We did not directly applied the space-time scan statistics using crude weekly death counts and 

population estimates, because it would have led to flag clusters of increased mortality rates 

actually due to the local seasonality of mortality baseline (Perrin et al., 2011). We addressed 

this issue, by using adjusted expected counts in line with the approach described in (Kulldorff 

et al., 1997), with the exception that our predictor variable was the time as in (Nordin et al., 

2005). Fitting a Poisson model in each hexagon allowed us to adjust expected death counts on 

local trend and seasonality of mortality rates.  

We fitted Poisson models in each hexagon as independent units. We did not adjust for the 

spatial auto-correlation since we were interested in detecting clusters due to such correlation. 

Considering the number of models fitted, we could not check their validity individually. We 

assumed that Poisson model with a monthly effect and population as offset fitted adequately 

to the data of each hexagon.  

Method applied for evaluating the performances 

Using authentic outbreak data for evaluating detection performances is interesting because it 

demonstrates straightforward the efficiency (or lack of) of a system for a particular event. 

However it is difficult to consistently or comprehensively identify all outbreaks that occurred 

during a period of interest (Watkins et al., 2006). The occurrence and exact timing of true 

outbreaks in historical data often remain unknown. This was the case for the French 2008-

2009 Bluetongue epidemics, on which we initially considered to perform our evaluation since 

we had available a national database with the date and herd number of each official outbreak 

notification. However we suspected an under-diagnosis of infected herds and animals, 

particularly at the beginning of the epidemic when farmers and veterinarians were not familiar 

with the disease, due to its often non-specific clinical signs in cattle (Perrin et al., 2010). As a 

consequence, our confidence in location and date of outbreaks was not high enough to 
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consider the official outbreak notifications as gold standard for the occurrence of true 

outbreaks.  

Thus we evaluated the performances of algorithm by simulation, superimposing simulated 

outbreaks on historical trend data, as it has already been used for syndromic surveillance 

(Nordin et al., 2005; Buckeridge et al., 2006). Outbreaks can be simulated through simple 

methods (mathematical function such as a step-function or an exponential distribution) or 

more complex models (Buckeridge, 2007). To approach realistic conditions and cover a larger 

range of outbreak types, we did not directly control the outbreaks’ magnitude, duration, 

spacing, and temporal progression, but simulated the outbreaks through an epidemic model 

which took into account disease-related factors and the dynamic French cattle farm network. 

As a result, signals were stochastic in space and time, reflecting the variability of real 

infectious disease dissemination in a cattle farm network. Evaluating performances on 

numerous and various signals was particularly important since the algorithm evaluated was 

designed in the frame of an unspecific surveillance system and thus needed to assess the 

ability of the system to detect a broad range of possible signals.  

Perspectives 

Another initiative from human health conducted on coroner-based mortality surveillance did 

not lead to satisfying results (Groenewold, 2007) because of the lack of sensitivity and limited 

outbreak detection reliability of the methods studied. In contrast, our findings suggest than an 

adequate analysis of mortality data could provide satisfactory detection performances to be 

helpful for surveillance of the cattle population within the condition that an appropriate 

balance between sensitivity and specificity is found.  

We applied our algorithm on the whole French territory, i.e. 1,165 hexagons, but the same 

approach could have been applied separately to restricted areas, such as regions or 

departments (France is divided into 22 regions and 96 departments). Performing the detection 

algorithm on a restricted number of hexagons may have better performances even if the 

analyse might be less powerful. Moreover, performing anomaly detection at this scale would 

be meaningful since each French region and department is managed by local veterinary 

services. Should these services be the recipient of alarms, they could more efficiently interpret 

the signals and carry out the investigations when needed than a national service. 

Our approach does not allow the identification of a particular herd or group of herds, but flag 

clusters of 25km-diameter hexagons with abnormal mortality increases. Hexagons have no 

administrative reality what makes the intervention of public forces difficult to organize 

practically and legally. It would be interesting to apply a similar approach at a smaller spatial 

scale, with the condition that individual counts remain sufficient for fitting regression models. 

Indeed the more precise the alarm, the easiest and fastest the response but also the lowest the 

power of the analysis. To overcome this issue, a second step of analysis completing the 

presented approach could also be considered in order to identify herds with the most 

important excess deaths within the locations clustered. 

Syndromic systems do not target a particular disease but a broad range of health events. Thus 

the shape, moment and magnitude of the signals that such systems should be able to flag are 

unknown and can range widely. The approach we applied targeted single anomalies (peaks) 

but a more comprehensive approach would flag other type of anomalies, such as subsequent 

small increases of mortality (characteristic of chronic disease) which would not be 

individually significant, i.e. in our case above the upper prediction limit. However additional 

temporal method, e.g. based on a cumulative sum analysis of the residuals of the models did 
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not improve detection success (results not shown). Further studies are needed to identify 

methods able to identify a broader range of signals.  

While attaining sufficient timeliness and sensitivity with the evaluated tool seems a reachable 

purpose, ensuring a sustainable false alarm rate is more difficult. We cannot conclude on the 

specificity of the systems since we do not know which proportion of the atypical observations 

we removed from the initial dataset were artefacts and how many corresponded to real health 

events. Most outliers removed corresponded to the occurrence of a high number of deaths in 

hexagons where there were historically no or very few deaths (e.g. 140 deaths occurring in the 

hexagon 840 on week 2009-10-01 when 45 were expected). Many of them were probably 

related to a real event, but not necessarily with epidemiological interest, as for example the 

culling of an entire herd, an animal transporter crash or a fire on a farm. In the frame of an 

operational system, if the user does not want to yield alarms for such events, then it could be 

necessary to treat this kind of death notifications differently, for example by changing the 

notification system or filtering it automatically. It would also be possible to adjust the 

mortality rate predictions on other factors that may not be of interest for the users. For 

example using bio climatic factors in the predictions model would allow no detection of 

mortality increases due to an unusual heat wave or cold snap (Stull et al., 2008; Crescio et al., 

2010).   

Conclusion  

Our study suggested that the proposed approach combining temporal regression and cluster 

detection applied to the data from the NCR could help identifying automatically unusual 

excess deaths occurring in the French cattle population. Results of the simulation study are 

encouraging, but the real performances of such a system for detecting outbreaks still need to 

be confirmed. We suggest testing the efficiency of the approach by prospectively evaluating 

an operational pilot system which performances would be routinely investigated and recorded 

(number of real outbreaks detected, false alarms, and outbreaks missed or detected late). Such 

an approach would moreover answer the question whether (and in which cases) abnormal 

mortality increases can be timelier signals than the traditional notification of unusual clinical 

situations from field professionals, farmers or veterinarians.  

The proposed automated surveillance system is not meant to replace the tight network of 

veterinarians directly in contact with the field which constitutes the core of every animal 

health surveillance system. It should rather be used as an adjuvant in conjunction with other 

surveillance activities. Accordingly, we believe that our detection tool could in some cases 

increase the probability of detecting unusual health events and facilitate the rapid 

implementation of adapted control and prophylaxis measures by animal health services. 
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Annex I : Details of the SIR model (Rautureau et al., 2012) 

Si, Ii, Ri the number of animals in the herd i in the susceptible S, infected I and recovered R

states, respectively. 

1 / g the duration of the infectious period (7 days) 

た the daily mortality rate of infected animals (0.03) 

く the within-herd transmission parameter (0.86) 

l the biosecurity parameter influencing the between-herd transmission (0.75)  

Probability of getting infected for an animal in the state S on the herd i: 

p inf 51̆e
̆7┚

I i

N i

-*1̆坤 +
j̄»V i

┚
I j

N j

8

where Vi is the neighbors of the herd i in the network of direct contact, defined 

by the function: 

I j»V
i
$蕝 Bern*e

̆K d *i , j++
 where Bern(p) is the Bernouilli distribution of 

parameters p, d(i, j) is the Euclidian distance between herds i and j, and K is the 

parameter for the transmission kernel (K=0.002) 

Probability of dying for an animal in the state I in the herd i: 

pmort571̆*1̆$g +*1̆$┢ +8
$┢

$┢ -$g

Probability of getting immunized for an animal in the state I in the herd i: 
p immun571̆*1̆g +*1̆┢ +8 g

┢ -g

Daily dynamics : ni,S-I, ni,I-M, ni,I-R are the number of animals in the state I that get infected, 

die, and get immunized during a day: 

( )infiISi, p,SBinn ∼−

n i , I ̆M $蕝 Bin * I i , pmort+
n i , I ̆R$蕝 Bin* I i , pimmun+

where Bin(n, p) is a binomial law of parameters n and p 

Commercial transfers of animals between herds are simulated mechanically at each time point 

by random sampling of the state of the animals that are moved from a herd to another. 

"
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Tableau 32 : Méthodes de détection envisagées pour la recherché d’agrégats d’unités spatiales en excès de 

mortalité 

 Méthode 1 Méthode 2 Méthode 3 Méthode 4 Méthode 5 Méthode 6 

Calcul de la valeur 
attendue dans 
chaque unité 
géographique 

Regression 
de Poisson 

Regression 
de Poisson 

Regression 
de Poisson + 
analyse des 
résidus par 

CUSUM 

Regression 
de Poisson + 
analyse des 
résidus par 

CUSUM 

Méthode 
des limites 
historiques 

Méthode 
des limites 
historiques 

Modèle utilise pour la 
recherché d’agrégat 
par les statistiques 

de scan 

Poisson Bernouilli Normal Bernouilli Poisson Bernouilli 
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Tableau 33 : Caractéristiques des différentes sources de données sur la mortalité bovine 

Notification mortalité 
BDNI 

Fichier des appels EDI-
SPAN 

Fichier des tournées EDI-
SPAN 

Historique disponible >2003 >2007 >2007 
Couverture Nationale Nationale Nationale 
Disponibilité 7 jours 2-3 jours 15 jours 

Qualité Excellente Médiocre Bonne 
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Figure 65 : Etapes chronologiques pour la détection précoce d’événements [d’après (Buehler et al., 

2004b)] 
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Tableau 34 : Synthèse des données utilisées, des méthodes d’analyse, des documents produits et de leurs destinataires par objectif 

Objectifs Données Méthodes Supports Destinataires 

Détection de 
menaces 
sanitaires 

Par l’augmentation soudaine de la mortalité 
sur des séries temporelles agrégées à 

l’échelle départementale ou 
nationale (évènements de grande ampleur 

FCO, canicule) 

EDI-SPAN 
Fichiers des 

appels 

Régression de Poisson 
Méthodes de la famille C 

Cartes de contrôle 
Méthode des moyennes historiques 

Méthode de Farrington 
Autres (RKI, Bayes, Séries chronologiques, Lissages 

exponentiels, etc.) 

Tableaux de 
bord 

hebdomadaire 
/ Notifications 

d’alerte 

DDecPP / 
SRAL / DGAL 

Par l’identification de regroupements 
d’exploitation en excès de mortalité (infection 

qui se propage localement, problème 
d’alimentation, contamination de 

l’environnement etc.) 

EDI-SPAN 
Fichiers des 

appels 

Calcul d’excès de mortalité par exploitation (cf. ci-
dessus) 

Recherche d’agrégats d’exploitations avec Satscan® 

Tableaux de 
bord 

hebdomadaire / 
Notifications 

d’alerte 

DDecPP / 
Unité mobile 
d’intervention 

Par l’augmentation soudaine de mortalité à 
l’échelle de l’exploitation (démarrage d’une 
épizootie, problème de bien-être animal, 

détresse sociale) 

EDI-SPAN 
Fichiers des 

appels 

Instauration d’une règle créant une alerte (ex. plus de x 
appels pour veaux morts en moins de x jours, plus de x 

appels pour adultes morts en moins de x jours) 

Notifications 
d’alerte 

DDecPP 
Analyse du délai entre deux appels dans chaque 
exploitation : Test de la présence d’un excès d 

« intervalles courts » (Loi de Pareto) 

Notifications 
d’alerte 

Evaluation de 
l’impact d’un 
événement 

identifié  

Contrôle de l’évolution de la mortalité 
pendant un évènement sanitaire en cours et 

potentiellement dangereux 

EDI-SPAN 
Fichiers des 

appels 

Calcul et représentation du nombre de demandes 
d’enlèvements réalisées 

Comparaison du nombre de demandes d’enlèvements 
observées au nombre attendu 

Tableau de bord 
hebdomadaire 

DDecPP, 
SRAL, DGAL 

Quantification rétrospective de la mortalité 
associée à un événement sanitaire passé  

BDNI 
Rapport 

technique annuel 
DDecPP, 

SRAL, DGAL 

Amélioration 
du niveau 

sanitaire du 
cheptel 

Classement des exploitations  
BDNI + EDI-

SPAN 

Classement des exploitations selon 
i) l’importance des taux 

ii) leur évolution (croissante, stable, décroissante) 
iii) l’écart BDNI - EDI-SPAN 

Rapport 
technique annuel 

DDecPP 

Production et diffusion de valeurs de 
référence, analyse temporelle, cartographie 

BDNI 

Estimation des taux bruts et standardisés, des risques de 
mortalité pour différentes sous population.  
Modélisation des séries hebdomadaires.  

Calcul du SMR par département 

Rapport 
technique annuel 

DDecPP, 
GDS, EDE 

Atlas national 

DGAL, Institut 
de l’élevage, 
communauté 
scientifique 

Fiche 
d’information 
exploitation 

Eleveurs, 
vétérinaires 
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Figure 66 : Schéma organisationnel de l’Observatoire de la mortalité des animaux de rente 
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1ﾗﾐSWﾏﾐ;デｷﾗﾐ"7;デ;く"Nﾐが"NﾐデWヴﾐ;デｷﾗﾐ;ﾉ"}ﾗIｷWデ┞"aﾗヴ"7ｷゲW;ゲW"}┌ヴ┗Wｷﾉﾉ;ﾐIWが"cｷ;ﾏｷが"EﾉﾗヴｷS;く"

‡ｷﾉﾉｷ;ﾏゲﾗﾐが" Fく7くが" K┌Sゲﾗﾐが" Fく‡くが" ヱΓΓΓく" #" ﾏﾗﾐｷデﾗヴｷﾐｪ" ゲ┞ゲデWﾏ" aﾗヴ" SWデWIデｷﾐｪ" ;HWヴヴ;デｷﾗﾐゲ" ｷﾐ"
ヮ┌HﾉｷI"ｴW;ﾉデｴ"ゲ┌ヴ┗Wｷﾉﾉ;ﾐIW"ヴWヮﾗヴデゲく"}デ;デ"cWS"ヱΒが"ンヲΒンどンヲΓΒく"

́ｴ;ﾐｪが" Yくが" 1;ﾉ┗ﾗが" yくが" }ｴWヮ;ヴSが" yくが" Yｷﾐが" 1くが" ヲヰヰΑく" 7WデWIデｷﾐｪ" SｷゲW;ゲWゲ" ｷﾐ" a;ヴﾏ" ;ﾐｷﾏ;ﾉゲ" ┘ｷデｴ"
WﾏHWSSWS" ゲ┞ゲデWﾏく" Nﾐが" vヴﾗIWWSｷﾐｪゲ" ﾗa" デｴW" NﾐデWヴﾐ;デｷﾗﾐ;ﾉ" IﾗﾐaWヴWﾐIW" ﾗﾐ" Iﾗﾏヮ┌デWヴ"
WﾐｪｷﾐWWヴｷﾐｪ";ﾐS"#ヮヮﾉｷI;デｷﾗﾐゲが"FﾗﾉS"Iﾗ;ゲデが"#┌ゲデヴ;ﾉｷ;が"ヵヲどヵヶく"

́ｴ;ﾐｪが" ”くが" 7;ﾐｪが" ”くが" 1ｴWﾐが" Kくが" ~ｴ┌ヴﾏﾗﾐSが" cくが" ];ヴゲﾗﾐが" 1くが" ヲヰヰΓく" #┌デﾗﾏ;デｷI" ﾗﾐﾉｷﾐW" ﾐW┘ゲ"
ﾏﾗﾐｷデﾗヴｷﾐｪ";ﾐS"Iﾉ;ゲゲｷaｷI;デｷﾗﾐ"aﾗヴ"ゲ┞ﾐSヴﾗﾏｷI"ゲ┌ヴ┗Wｷﾉﾉ;ﾐIWく"7WIｷゲｷﾗﾐ"}┌ヮヮﾗヴデ"}┞ゲデWﾏゲ"

"ヴΑが"ヵヰΒどヵヱΑく"

́┌ヴHヴｷｪが" [くが" ヲヰヰΓく" 7ﾗ" ゲ┌Hﾏｷゲゲｷﾗﾐゲ" デﾗ" ;" ┗WデWヴｷﾐ;ヴ┞" Sｷ;ｪﾐﾗゲデｷI" ﾉ;Hﾗヴ;デﾗヴ┞" ;II┌ヴ;デWﾉ┞" ヴWaﾉWIデ"
ﾉｷ┗WゲデﾗIﾆ"SｷゲW;ゲW"ｷﾐIｷSWﾐIW"ﾗヴ"ヮヴW┗;ﾉWﾐIWい"Nﾐが"N}7}が"cｷ;ﾏｷが"EﾉﾗヴｷS;く"
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Nombre hebdomadaire d’entrées « Naissance » (rose), de sorties ‘Boucherie’ (rouge), de sorties ’Mortalité’ (noir), d’importations* (vert) et 

d’exportations* (bleu) notifiées à la BDNI par département (tri des départements par ordre croissant de population) 
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Le Nouveau Praticien Vétérinaire, vol 4, n°17, Février Avril 2011 
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ンヲΑ"
"

#ﾐﾐW┝W"†N"ぎ"vヴﾗS┌Iデｷﾗﾐ"ゲIｷWﾐデｷaｷケ┌W"

"
yW┗┌Wゲ"ｷﾐデWヴﾐ;デｷﾗﾐ;ﾉWゲ"<"IﾗﾏｷデY"SW"ﾉWIデ┌ヴW"
"
#ヴデｷIﾉWゲ"ヮ┌HﾉｷYゲ"

ど vWヴヴｷﾐ"Yど0が"7┌Iヴﾗデ"1が"†ｷﾐ;ヴS"Y]が"cﾗヴｷｪﾐ;デ";が"1;ﾉ;┗;ゲ"7が"KWﾐSヴｷﾆ┝"vぎ"#ゲゲWゲゲﾏWﾐデ"ﾗa"デｴW"┌デｷﾉｷデ┞"ﾗa"
ヴﾗ┌デｷﾐWﾉ┞"IﾗﾉﾉWIデWS"I;デデﾉW"IWﾐゲ┌ゲ";ﾐS"Sｷゲヮﾗゲ;ﾉ"S;デ;"aﾗヴ"ゲ┞ﾐSヴﾗﾏｷI"ゲ┌ヴ┗Wｷﾉﾉ;ﾐIWく"vヴW┗"†Wデ"cWS"ヲヰヱヲが"
ヱヰヵふンぶぎヲヴヴどヲヵヲく"

ど vWヴヴｷﾐ"Yど0が"7┌Iヴﾗデ"1が"†ｷﾐ;ヴS"Yど]が"cﾗヴｷｪﾐ;デ";が"F;┌aaｷWヴ"#が"1;ﾉ;┗;ゲ"7が"KWﾐSヴｷﾆ┝"vぎ"⁄ゲｷﾐｪ"デｴW"d;デｷﾗﾐ;ﾉ"
1;デデﾉW"yWｪｷゲデWヴ"デﾗ"Wゲデｷﾏ;デW"デｴW"W┝IWゲゲ"ﾏﾗヴデ;ﾉｷデ┞"S┌ヴｷﾐｪ";ﾐ"WヮｷSWﾏｷIぎ"#ヮヮﾉｷI;デｷﾗﾐ"デﾗ";ﾐ"ﾗ┌デHヴW;ﾆ"ﾗa"
0ﾉ┌Wデﾗﾐｪ┌W"ゲWヴﾗデ┞ヮW"Βく";ヮｷSWﾏｷIゲ"ヲヰヱヰが"ヲふヴぶぎヲヰΑどヲヱヴく"

#ヴデｷIﾉWゲ"Wﾐ"ヮヴYヮ;ヴ;デｷﾗﾐ"ﾗ┌"ゲﾗ┌ﾏｷゲ"
ど vWヴヴｷﾐ"Yくど0くが"7┌ヴ;ﾐS"0くが";ﾏｷﾉｷW"Fくが"7┌Iヴﾗデ"1くが"KWﾐSヴｷﾆ┝"vくが"1;ﾉ;┗;ゲ"7くが"ヲヰヱヲく";┗;ﾉ┌;デｷﾐｪ"デｴW"

ヮWヴaﾗヴﾏ;ﾐIWゲ"ﾗa";ﾐ";ﾉｪﾗヴｷデｴﾏ"aﾗヴ"SWデWIデｷﾐｪ";Hﾐﾗヴﾏ;ﾉ"ﾏﾗヴデ;ﾉｷデ┞"ｷﾐIヴW;ゲWゲ"ゲｷﾏ┌ﾉ;デWS";IIﾗヴSｷﾐｪ"デﾗ";ﾐ"
WヮｷSWﾏｷI"ゲIWﾐ;ヴｷﾗ"ｷﾐ"I;デデﾉW"ヮﾗヮ┌ﾉ;デｷﾗﾐが"Wﾐ"ヮヴWヮ;ヴ;デｷﾗﾐ""

ど 7┌ヮ┌┞"1くが"0ヴﾗﾐﾐWヴ"#くが"1;ﾉ;┗;ゲ"7くが"KWﾐSヴｷﾆ┝"vくがEﾗ┌ｷﾉﾉWデ"#くが"vWヴヴｷﾐ"Yくど0くが"ヲヰヱヲく"Nﾐ┗Wﾐデﾗヴ┞"ﾗa"┗WデWヴｷﾐ;ヴ┞"
ゲ┞ﾐSヴﾗﾏｷI"ゲ┌ヴ┗Wｷﾉﾉ;ﾐIW"ゲ┞ゲデWﾏゲ"ｷﾐ";┌ヴﾗヮW"ふ~ヴｷヮﾉWど}"ヮヴﾗﾃWIデぶぎ"I┌ヴヴWﾐデ"ゲｷデ┌;デｷﾗﾐ";ﾐS"ヮWヴゲヮWIデｷ┗Wゲく"Wﾐ"
ヮヴYヮ;ヴ;デｷﾗﾐ""

"
yW┗┌Wゲ"ﾐ;デｷﾗﾐ;ﾉWゲ"<"IﾗﾏｷデY"SW"ﾉWIデ┌ヴW"

ど vWヴヴｷﾐ"Yど0が"1;ﾉ;┗;ゲ"7が"7┌Iヴﾗデ"1が"KWﾐSヴｷﾆ┝"vぎ"}┌ヴ┗Wｷﾉﾉ;ﾐIW"SW"ﾉ;"ﾏﾗヴデ;ﾉｷデY"SWゲ"ヴ┌ﾏｷﾐ;ﾐデゲ"Wﾐ"Eヴ;ﾐIW"Wデ"
Wﾐ";┌ヴﾗヮWく";ヮｷSWﾏｷﾗﾉ"Wデ"ゲ;ﾐデY";ﾐｷﾏ"ヲヰヱヲが"ヶヰく"

ど 1;ﾉ;┗;ゲ"7が"vWヴヴｷﾐ"Yど0が"7┌ヮ┌┞"1が"7┌Iヴﾗデ"1が"};┗W┞"cが"KWﾐSヴｷﾆ┝"vぎ"x┌WﾉﾉW"Wゲデ"ﾉ;"┗;ﾉW┌ヴ";ﾃﾗ┌デYW"SW"ﾉ;"
ゲ┌ヴ┗Wｷﾉﾉ;ﾐIW"ゲ┞ﾐSヴﾗﾏｷケ┌W"ヮﾗ┌ヴ"ﾉ;"SYデWIデｷﾗﾐ"SW"ヮｴYﾐﾗﾏXﾐWゲ"ヮ;デｴﾗﾉﾗｪｷケ┌Wゲ"ﾐﾗ┌┗W;┌┝い";ヮｷSWﾏｷﾗﾉ"Wデ"
ゲ;ﾐデY";ﾐｷﾏ"ヲヰヱヲが"ヶヰく"

ど KWﾐSヴｷﾆ┝"vが"vWヴヴｷﾐ"Yど0が"7┌ヮ┌┞"1が"1;ﾉ;┗;ゲ"7が"7┌aﾗ┌ヴ"0ぎ"~┞ヮﾗﾉﾗｪｷW"SWゲ"Sｷゲヮﾗゲｷデｷaゲ"SW"ゲ┌ヴ┗Wｷﾉﾉ;ﾐIW"
ゲ┞ﾐSヴﾗﾏｷケ┌Wく";ヮｷSWﾏｷﾗﾉ"Wデ"ゲ;ﾐデY";ﾐｷﾏ"ヲヰヱヲが"ヶヰく"

ど vWヴヴｷﾐ"Yど0が"7┌Iヴﾗデ"1が"†ｷﾐ;ヴS"Yど]が"KWﾐSヴｷﾆ┝"vが"1;ﾉ;┗;ゲ"7ぎ"#ﾐ;ﾉ┞ゲW"SW"ﾉ;"ﾏﾗヴデ;ﾉｷデY"Hﾗ┗ｷﾐW"Wﾐ"Eヴ;ﾐIW"SW"
ヲヰヰン"<"ヲヰヰΓく"Ndy#"vヴﾗS"#ﾐｷﾏ"ヲヰヱヱが"ヲヴふンぶぎヲンヵどヲヴヴく"

ど vWヴヴｷﾐ"Yど0が"cﾗ┌ﾐ;ｷ┝"0が"7;┗ｷS"†が"†ｷﾐ;ヴS"Yど]が"cﾗヴｷｪﾐ;デ";が"KWﾐSヴｷﾆ┝"vが"]┌IHWヴデ"Yが"1;ﾉ;┗;ゲ"7ぎ"Nﾏヮ;Iデ"SW"ﾉ;"
E1jどΒ"ゲ┌ヴ"ﾉ;"ﾏﾗヴデ;ﾉｷデY"SWゲ"Hﾗ┗ｷﾐゲ"Wﾐ"Eヴ;ﾐIW"Wﾐ"ヲヰヰΑく"0┌ﾉﾉ";ヮｷSWﾏｷﾗﾉ"#aゲゲ;"ヲヰヱヰが"ンヵぎヲヰどヲヲく"

ど vWヴヴｷﾐ"Yど0が"7┌Iヴﾗデ"1が"†ｷﾐ;ヴS"Yど]が"cﾗヴｷｪﾐ;デ";が"1;ﾉ;┗;ゲ"7が"KWﾐSヴｷﾆ┝"vぎ"cﾗSYﾉｷゲ;デｷﾗﾐ"SW"ﾉ;"ﾏﾗヴデ;ﾉｷデY"
Hﾗ┗ｷﾐW"Wﾐ"┗┌W"SろWゲデｷﾏWヴ"ﾉろｷﾏヮ;Iデ"SW"ﾉろYヮｷ┣ﾗﾗデｷW"SW"aｷX┗ヴW"I;デ;ヴヴｴ;ﾉW"ﾗ┗ｷﾐW"Wﾐ"Eヴ;ﾐIW"ふヲヰヰΑどヲヰヰΓぶく"
;ヮｷSWﾏｷﾗﾉ"Wデ"ゲ;ﾐデY";ﾐｷﾏ"ヲヰヱヰが"ヵΑぎヶΓどΒヰく"

"
v;ヴデｷIｷヮ;デｷﾗﾐゲ"<"SWゲ"IﾗﾐｪヴXゲ"ゲIｷWﾐデｷaｷケ┌Wゲ"
"
1ﾗﾏﾏ┌ﾐｷI;デｷﾗﾐゲ"ﾗヴ;ﾉWゲ"ふ;ﾐｪﾉ;ｷゲぶ"

ど Eﾗ┌ｷﾉﾉWデ"#が"};ﾉ;ど}ﾗﾉWヴ"cが"1ﾗﾐデｷ"}が"[;ﾐｷWaa"cが"y;ｪﾗ"Fが"vWヴヴｷﾐ"Yど0が"7┌ヮ┌┞"1が"[ヴ;aaデ"~が"́ｷWﾏ;ﾐﾐ"#が"†ｷゲﾗ"#ど
1ぎ"Nﾐ┗Wﾐデﾗヴ┞"ﾗa"ゲ┞ﾐSヴﾗﾏｷI"ゲ┌ヴ┗Wｷﾉﾉ;ﾐIW"ゲ┞ゲデWﾏゲ"ｷﾐ";┌ヴﾗヮW"H┞"デｴW"~ヴｷヮﾉWど}"ヮヴﾗﾃWIデく"Nﾐぎ"N}7}ぎ"ヶどΒ"
SYIWﾏHヴW"ヲヰヱヱき"#デﾉ;ﾐデ;が"⁄}#き"ヲヰヱヱく"

ど vWヴヴｷﾐ"Yど0が"7┌ヮ┌┞"1が"KWﾐSヴｷﾆ┝"vが"1;ﾉ;┗;ゲ"7ぎ"~ｴW"┗WデWヴｷﾐ;ヴ┞"IﾗﾏヮﾗﾐWﾐデ"ﾗa"デｴW"~ヴｷヮﾉWど}"ヮヴﾗﾃWIデく"Nﾐぎ"
~ヴｷヮﾉWど}"vﾉWﾐ;ヴ┞"ﾏWWデｷﾐｪぎ"ヲΒ"ﾐﾗ┗WﾏHヴW"ヲヰヱヱき"0┌S;ヮWゲデが"KﾗﾐｪヴｷWき"ヲヰヱヱく"

ど vWヴヴｷﾐ"Yど0が"7┌ヮ┌┞"1が"KWﾐSヴｷﾆ┝"vが"1;ﾉ;┗;ゲ"7ぎ"}┞ﾐSヴﾗﾏｷI"ゲ┌ヴ┗Wｷﾉﾉ;ﾐIW"ゲ┞ゲデWﾏゲ"ｷﾐ";┌ヴﾗヮWく"Nﾐぎ"ンヴS";⁄"
}┌ヴ┗Wｷﾉﾉ;ﾐIW"ﾐWデ┘ﾗヴﾆ"ﾏWWデｷﾐｪぎ"ヲヰどヲヱ"ﾗIデﾗHヴW"ヲヰヱヱき"0Wヴﾐが"}┌ｷゲゲWき"ヲヰヱヱく"
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RESUME 

La surveillance syndromique est un concept récent en épidémiologie. Fondée sur le suivi 

automatisé d’indicateurs de santé non spécifiques, cette nouvelle approche offre des 

perspectives intéressantes pour la détection de phénomènes pathologiques émergents. Nous 

nous sommes basés sur les données actuellement collectées en France sur la mortalité bovine 

pour évaluer la faisabilité et la pertinence d’un système de surveillance syndromique basé sur 

cet indicateur.  

Nous avons d’abord modélisé le niveau de référence de la mortalité bovine en France puis 

proposé des méthodes pour identifier et quantifier d’éventuels excès de mortalité. Nous avons 

d’abord analysé des données réelles pour estimer rétrospectivement les conséquences sur la 

mortalité de l’épizootie de fièvre catarrhale ovine qui a touché le cheptel bovin français en 

2007 et 2008. Nous avons ensuite proposé une méthode visant à identifier des regroupements 

d’unités spatiales présentant des augmentations inhabituelles de mortalité, et évalué ses 

performances pour détecter des foyers d’une maladie infectieuse dont nous avons simulé la 

propagation dans le cheptel bovin. 

Sur la base de ces travaux, nous discutons finalement de l’intérêt pour la protection de la santé 

animale d’un système de surveillance non spécifique basé sur la mortalité, et émettons des 

propositions pour la mise en place opérationnelle d’un tel système. 
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ABSTRACT 

Syndromic surveillance is a recent concept in epidemiology. Based on automated monitoring 

of non-specific health indicators, this new approach offers interesting prospects for the 

detection of various health events. We analyzed data on cattle mortality routinely collected in 

France to assess the feasibility and relevance of a syndromic surveillance system based on this 

indicator. 

We modeled the baseline of cattle mortality in France and proposed methods to identify and 

quantify excess mortality. First we analyzed real data to retrospectively estimate the effects on 

mortality of the bluetongue outbreak which affected the French cattle in 2007 and 2008. We 

then proposed a method to detect unusual increases mortality, and evaluated its performance 

for the detection of outbreaks of an infectious disease of which we simulated the spread in the 

cattle population. 

We finally discuss the interest of a surveillance system based on non-specific mortality for the 

protection of animal health, and make proposals for the operational implementation of such a 

system. 
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