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INTRODUCTION 

L' economie de la sante a pris son essor a la fin des annees 60 avec la mise en pratique 
d'analyses de type cofit-benefice aux Etats-Unis (Beal V.C.Jr, 1983). Pendant Jes annees 70-
80, l'ecole anglaise (Universite de Reading) predomine en economie de la sante animale et Jes 
fondements methodologiques sont poses. En novembre 1972, elle prepare un guide pour la 
conduite d'etudes socio-economiques des zoonoses avec l'OMS. Les principes de base de 
!'analyse cout-benefice actuelle, denommee alors analyse cofit/avantages sociaux, y sont 
exposes (Laval G., 1999). 
Les changements socio-economiques des vingt dernieres annees et leurs impacts sur les 
decisions relatives aux mesures a prendre en terme de sante animale ont confirme son 
importance notamment en tant qu'outil d'aide a la decision. 
Ainsi: 

La plupart des maladies epidemiques majeures ont reussi a etre contr6lees dans la 
majorite des pays developpes (le benefice de leur contr6le etait tellement evident 
qu'une evaluation formelle n'etait pas necessaire) laissant des maladies ayant un 
impact economique moins evident et une epidemiologie plus complexe a gerer. 
L'autosuffisance pour les produits d'origine animale est moins prioritaire au sein 
des objectifs nationaux suite a une plus large integration de marche d'ou un 
affaiblissement des engagements politiques pour le contr6le des maladies au 
niveau national. 
L'importance de !'agriculture dans l'economie nationale decline lorsque le pays se 
developpe, d'ou une competition plus importante des differents secteurs 
economiques pour les fonds. 
Enfin, de plus en plus de responsabilites sont transferees du secteur public au 
secteur prive, qui est plus concerne par un retour visible sur l'investissement. 

II est aujourd'hui incontournable de donner une justification economique des actions visant a 
ameliorer ou proteger la sante animale aux bailleurs de fonds auxquels elles sont proposees 
(Otte M.J. et al., 2000). 

L'economie n'est pas concernee principalement par !'argent mais par le fait de « faire des 
choix rationnels/ prendre des decisions dans l 'attribution de ressources rares afin de realiser 
une finalite plut6t qu'une autre (Otte M.J. et al., 2000). 
Ainsi sans donner de reponses definitives a certaines questions comme « Quelle est la 
meilleure option, utiliser un vaccin pour prevenir une maladie ou la soigner quand elle 
survient? » ou « Un programme de sante est efficace mais y aurait-il une alternative moins 
cofiteuse? », l'economie peut permettre aux decideurs d'allouer au mieux les ressources 
(Toma B. et al., 2001 ; Lefevre P.C., 2005) ou au moins d'avoir des elements de 
hierarchisation des priorites d'intervention (Faye B., 2001). 

L' evaluation economique a deux caracteristiques quels que soient les domaines auxquels elle 
est appliquee : elle conceme a la fois les cofits et les consequences des activites mais elle 
etudie aussi Jes choix des acteurs et compare plusieurs options. Ainsi on peut la definir 
comme « !'analyse comparative d'options possibles, sur la base de leurs cofits comme de leurs 
consequences » (Drummond M.F. et al., 1998 ; Laval G., 2002). 
Lorsqu'une evaluation economique remplit les deux conditions decrites, elle est qualifiee 
d'evaluation globale; dans le cas contraire il s'agit d'une evaluation partielle. Les deux 
caracteristiques de !'analyse economique peuvent etre utilisees pour distinguer et nommer Jes 
differentes situations d'evaluation en sante comme illustre dans le tableau ci-dessous 
(Drummond M.F. et al., 1998). 
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Tableau I: Les caracteristiques de !'evaluation en sante (Drummond M.F. et al., 1998) 

Etudie-t-on a la fois les couts et les consequences des options envisagees ? 

Non Oui 
Examen des Examen des 
consequences couts seuls 
seules 

Non Evaluation partielle Evaluation partielle 
Y a-t-il une Description des Description des Description cout-resultat 
compara1son resultats couts 
de deux Oui Evaluation partielle Evaluation economique globale 
options ou Evaluation de Analyse des Analyse de minimisation des 
plus? l 'efficacite couts couts 

pratique ou de Analyse cout-efficacite 
l' efficacite Analyse cout-utilite 
theorique Analyse cout-benefice 

Les elements d'une analyse economique globale et leur application a une etude de type cout
efficacite seront abordes dans une premiere partie. L' analyse de minimisation des couts etant 
une forme particuliere d'analyse cout-efficacite, ou les consequences des traitements 
compares s'averent equivalentes, elle ne sera pas abordee. L'analyse cout-utilite est elle aussi 
volontairement non traitee car utilisee actuellement uniquement en economie de la sante 
humaine. 
Les etapes supplementaires pour la realisation d'une analyse cout-benefice seront exposees 
dans la seconde partie. 
Enfin la critique de quatre articles permettra d'avoir des exemples concrets de publications 
recentes d'application du sujet. 
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PREMIERE PARTIE: ANALYSE COUT-EFFICACITE, LES 
PREMIERES ETAPES D'UNE APPROCHE GLOBALE 

Les etudes coilt-efficacite sont utilisees pour determiner la strategie qui procure l'efficacite 
maximale a un coilt donne, ou a !'inverse un objectif medical au coilt le plus faible (Bonnet 
P., 2003). 
La methode permet la comparaison de plusieurs options ayant le meme critere d'efficacite 
mais ne produisant pas les memes consequences. Le programme le plus interessant n'est done 
pas forcement celui qui coilte le moins cher. On calcule le coilt par unite d' effet (Drummond 
M.F. et al., 1998). 
Ainsi, on compare un programme 1, ayant un coilt P1 et provoquant une reduction de la 
prevalence de X1 %, avec un programme 2, de coilt P2 et provoquant une reduction de la 
prevalence de X2 %. 
lei l'indicateur d'efficacite unique est epidemiologique, le taux de prevalence. 
On peut cependant des a present noter qu'il est souvent difficile de choisir un indicateur 
synthetique capable d'etre a lui seul le plus representatif des consequences multiples des 
programmes de lutte (Laval G., 1999). On est done assez vite confronte a l'aspect reducteur 
de ce type d'approche (Toma B. et al., 2001). 

I. Determination des parametres initiaux 

1.1. Choix du point de vue et du niveau d'analyse 

Les projets sur lesquels portent les analyses concernent tout ou partie des agents economiques 
suivants: !'entrepreneur individuel (eleveur, fermier), !'ensemble ou certains des producteurs 
(amont de la filiere, fabricants de vaccins par exemple, jusqu'a l'aval comme la 
commercialisation des produits), les consommateurs, l'Etat, la collectivite, le financier et Jes 
realisateurs de !'operation qui peuvent etre un ou plusieurs des agents precedents (Tascher G., 
2003). 
II est done necessaire de determiner quel point de vue va etre considere. Les objectifs et les 
consequences pour Jes differents acteurs ne sont en effet pas Jes memes et la decision de la 
« meilleure » repartition des biens est variable. Par exemple, pour un simple fermier la 
meilleure solution peut etre de laisser courir un episode de fievre aphteuse dans son cheptel 
bovin ; al ors que du cote gouvememental, dans I' interet des autres paysans, eel a peut etre au 
contraire d'insister en faveur de l'abattage total des animaux de !'exploitation pour eviter une 
dissemination future de la maladie (Mlangwa J.E.D. et Samui K.L., 1996). 
De meme dans !'evaluation des coilts, l'eleveur est conceme par l'impact de la maladie ou des 
mesures de controle sur la profitabilite de son entreprise - les prix qui l'importent sont les 
prix du marche auxquels ii achete et vend. Mais ces prix peuvent ne pas refleter le veritable 
coilt ou la veritable valeur pour la societe dans son ensemble, a cause par exemple des taxes, 
des subventions ou des controles de prix. D'autre part les actions sur sa ferme sont 
susceptibles d'avoir des effets externes, c'est-a-dire que le controle d'une maladie dans un 
elevage peut ameliorer l'environnement sanitaire pour les fermes voisines sans cout pour ces 
dernieres (Renkema J.A., 1980). Ainsi ii est important pour n'importe quelle analyse 
economique de statuer sur le point de vue de qui on s'interesse (Ott M.J. et al., 2000). 
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Tout comme le nombre d'agents en cause, les limites du projet peuvent etre egalement tres 
vastes. Elles peuvent aller de l'etude economique des performances d'un animal, a une 
activite dans une exploitation, a !'ensemble de !'exploitation, a une association d'elevages, a 
une region, a un pays et meme a un continent. Il est done important, avant de demarrer 
I' etude, de bien cemer les limites du pro jet, de savoir si l 'on se situe au niveau micro, meso ou 
macro-economique (Rushton J. et al., 1999; Otte M.J. et al., 2000; Perry B.D. et al., 2001 ; 
Tascher G., 2003 ; Lefevre P.C., 2005). 

1.2. Choix de la duree de l'analyse, du pas de temps (horizon temporel) 

Il existe plusieurs cadres temporels possibles. Ainsi, !'impact d'un traitement peut etre 
considere sur la vie entiere de l'individu (particulierement dans le cas des maladies 
chroniques) ou peut etre limite a une periode plus courte. Il faut done decider si !'analyse 
portera sur une seule annee ( en prenant comme exemple une annee typique, ou une annee 
recemment documentee) ou sur plusieurs annees (Toma B. et al., 2001). 
Le choix d'une annee representative d'etude est la methode d'analyse adequate pour certains 
problemes sanitaires dans le cas : 

d'une maladie a incidence stable, 
d'une population animale de taille fixe (ou d'un troupeau de taille typique), 
de mesures de lutte repetees annuellement, 
d'une analyse au niveau d'une exploitation. 

Les prix utilises sont al ors ceux de l 'annee etudiee et il n' est pas necessaire de prendre en 
compte des changements de prix dus a !'inflation car il n'y a pas de danger a melanger couts 
et prix de differentes annees. 
En ce qui concerne les couts des mesures, le seul probleme relatif a la prise en compte du 
temps est celui du cout des equipements, des outils ou des autres investissements en biens 
durables (qui serviront pendant plus d'un an). L' option la plus simple est alors de calculer le 
cout moyen par an de ces investissements (cout d'achat/ annees de vie utile). 

Dans le cas d 'une analyse couvrant plusieurs annees, elle peut prendre place soit avant toute 
intervention, c ' est le cas le plus frequent en sante animale, c'est alors !'evaluation ex ante (ou 
analyse prospective); soit apres !'intervention pour verifier ses avantages et ses 
inconvenients, c' est I' evaluation ex post ( analyse retrospective). 
L' analyse prospective se fait le plus sou vent pour evaluer la rentabilite potentielle d 'un 
programme de lutte collective, portant sur un grand nombre d'elevages dans une zone definie. 
On doit en general, integrer des donnees s'etalant sur plusieurs annees, portant souvent sur 
des couts plus importants au debut du programme de lutte et des avantages qui apparaissent 
plus tard (Toma B. et al., 2001). 
Dans I' analyse retrospective on distingue trois niveaux : l 'evaluation de la realisation des 
actions, !'evaluation du degre d'atteinte des objectifs et !'evaluation de l'impact des mesures 
sur la satisfaction des beneficiaires. L' appreciation des effets se fait par comparaison a 
!'image de !'evaluation ex ante (Faye B., 2001). Les techniques d'evaluation sont les memes 
dans Jes deux cas (Putt S.N.H. et al. , 1987; Msellati L., 1995; Ducrot C. et Boisseleau D., 
1996; Laval G., 2002; Tascher G., 2003; Lefevre P.C., 2005). 

La duree pendant laquelle on va comparer couts et benefices des situations avec et sans projet 
varie de 5 a 10, 15 voire 20 ans (Tascher G., 2003). 
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Meme si le cadre temporel est determine par l 'histoire de la maladie, le choix de celui-ci pour 
l'etude est souvent limite par les donnees disponibles (surtout celles d'essais cliniques) 
(Bonnet P., 2003 ; Lefevre P.C., 2005). 

1.3. Le type de donnees necessaires 

Les analyses economiques en sante animale necessitent un certain nombre de donnees 
pouvant etre classees en quatre types : des donnees d'epidemiologie sur la maladie 
(prevalence et incidence), des donnees sur les consequences zootechniques de la maladie, des 
donnees economiques et des donnees sur l' effet des programmes de Jutte (Bennett R.M. , 
1992 ; Ducrot C. , 1995 ; Mlangwa J.E.D. et Samui K.L., 1996 ; Laval G., 2002). 

En matiere de demographie et d 'epidemiologie descriptive, il s'agit de !'incidence, de la 
prevalence et du taux de letalite. On dispose ainsi d ' informations sur la population animale 
etudiee (structure, effectifs) et sur la distribution de la maladie dans cette population et son 
evolution. 

Les donnees epidemiologiques sur Jes consequences des maladies permettent d' estimer le cofit 
d'une maladie ou !'evaluation des benefices attendus d'une diminution de sa frequence . 11 
s'agit de la mortalite, des abattages d'urgence et reformes anticipees, des couts de traitement 
et de prevention, des baisses de production (lait, croit, embouche), de la capacite de travail 
pour les animaux de bat ou de trait, de la qualite des produits ou pertes genetiques, du temps 
de travail, des baisses des performances de reproduction (avortements, baisse de fertilite) . 

On doit recueillir enfin, des elements sur l ' efficacite des prophylaxies et des estimations 
economiques telles que la valeur de certains produits et capitaux. 

Toute analyse economique de programme de sante animale requiere des donnees fiables sur 
!' incidence de la maladie. Cela implique de savoir comment on va collecter ces donnees de 
maniere efficace et peu couteuse et quelle sera leur fiabilite . (Ott M.J . et al., 2000; Perry B.D. 
et al., 2001 ; Tascher G., 2003; James A. , 2005). Le manque d'informations chiffrees est une 
contrainte majeure, surtout dans les pays en voie de developpement (Msellati L. , 1995 ; Faye 
B., 2001). 
On peut remarquer de plus que la qualite des donnees, recoltees de maniere passive 
notamment, a eu tendance a se deteriorer concomitamment a la diminution severe des budgets 
des services publiques veterinaires de nombreux pays en voie de developpement (Perry B.D. 
etal. , 2001). 

L'apparente complexite des analyses economiques ne devrait pas etre un frein a leur 
realisation. L'accent doit etre mis sur la comparaison d'altematives resultant dans le 
classement des options plutot que dans des donnees precises de cout et de benefice (Ott M.J. 
et al., 2000). 

1.4. Un outil qui peut aider : la modelisation 

Un modele est une representation simplifiee, raisonnee et formalisee d'une situation reelle que 
l' utilisateur veut evaluer. Les modeles sont utilises dans des situations trop complexes pour 
etre evaluees directement et ou I 'information adequate n'est pas disponible. Ils impliquent la 
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reduction des situations a leurs composantes primaires et l 'isolation de ces composantes des 
nombreuses influences secondaires qui peuvent s'appliquer (Bonnet P., 2003). II existe de 
nombreux types de modeles: les simulations, l'analyse de decision, les methodes statistiques, 
la programmation. Ils peuvent etre statiques decrivant la situation a un moment donne, ou 
dynamiques retra9ant le comportement d'un systeme au cours du temps. Ainsi on peut les 
utiliser pour mesurer l'impact d'un projet de controle d'une maladie animale des son debut 
jusqu'au moment ou ses effets a long terme deviennent apparents (Lefevre P.C., 2005). 
Le choix d 'une technique depend de plusieurs facteurs (Dijkhuizen A.A. et al., 1995) : la 
nature du probleme; les ressources disponibles (temps, financements, outils d'analyse) et la 
disponibilite des donnees sur le sujet. 

1.4.1. Les modeles de simulation 

Ils ont ete developpes pour etudier les effets a long terme des maladies qui jouent surtout sur 
les parametres mortalite et fecondite (Shaw A.P.M., 1995). Les simulations permettent de 
realiser des projections dans l'avenir de la propagation d'une maladie (et done de la 
composition d'un troupeau suivant le statut des animaux: non-infectes, infectes, 
immunises ... ) en fonction des programmes de lutte engages si necessaire. 
Les modeles dynamiques sont deterministes ou stochastiques lorsque les variables prennent 
des valeurs en fonction d'une distribution de probabilites appropriee (Putt S.N.H. et al., 1987 ; 
Laval G., 1999 ; Waret A., 2003). Les modeles de Markov sont particulierement bien adaptes 
pour l'evaluation de traitements medicaux. Ce sont des modeles dynamiques stochastiques qui 
suivent les changements dans une population par la probabilite de passage dans differents 
etats, qui correspondent a un cofit et une mesure d'un etat de sante (Bonnet P., 2003). Ils 
calculent des resultats a partir d'un jeu de variables de depart et en fonction de differents 
scenarios ou strategies. 

1.4.2. L'analyse de decision 

C'est une maniere de presenter les resultats d'une analyse economique (ou d'une autre nature) 
pour faciliter la lecture et la prise de decision par un decideur lorsque le choix est complexe. 
On construit un arbre de decision, compose de nreuds de decision d'ou partent des branches 
correspondant chacune a un choix avec une probabilite associee. Celle-ci peut etre par 
exemple une probabilite de succes d'un traitement ou de passage d'un etat sain a infecte ou de 
deces. 
Toutes les possibilites doivent etre representees dans l'arbre de telle sorte qu'a chaque nreud 
la somme des probabilites des branches lui correspondant soit egale a 1. Les decisions sont 
basees sur des criteres tels que le cofit moyen escompte ou l'utilite attendue (Dijkhuizen A.A., 
1988). D' autres techniques existent comme les equations mathematiques et les matrices 
decision par exemple (Mlangwa J.E.D et Samui K.L., 1996). 

1.4.3. Les autres techniques 

Les methodes statistiques : regression lineaire, regression pas a pas, analyse discriminante, 
analyse de variance, series chronologiques. 
La programmation lineaire et ses variantes : ces modeles sont utiles pour analyser la 
meilleure allocation possible de ressources limitees dans des situations sous contraintes 
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multiples (Mlangwa J.E.D et Samui K.L., 1996) ; optimisation de la solution en fonction des 
objectifs recherches et des contraintes imposees. 
La programmation dynamique (Hall D.C. et al., 1998). 

II faut cependant etre prudent dans leur utilisation exclusive d'outil d'aide a la decision. Ainsi, 
les applications recentes des modeles epidemiologiques ant mis en avant le fait qu'il est 
difficile voire impossible d' estimer certains de leurs parametres, surtout ceux qui concernent 
la frequence des contacts entre les animaux ou les troupeaux. Dans tous les cas, de tels taux de 
contacts varient dans le temps en fonction des conditions locales. Les epidemiologistes sont 
alors forces d'utiliser des « estimations devinees » de ces parametres, et le resultat est que le 
modele pronostique alors simplement leur propre preconception de la progression de la 
maladie. Par exemple si celui qui fait le modele juge que la diffusion a courte distance est plus 
frequente qu'a moyenne distance, le modele va prevoir que des mesures sanitaires telles que 
la vaccination en anneau ou I' abattage preventif seront relativement efficaces. Cela constitue 
done un serieux manque d'objectivite et les risques sont particulierement importants quand les 
decideurs ne comprennent pas la logique de base sur laquelle sont faites les previsions. 
La ou les modeles epidemiologiques ont vraiment une application potentielle importante est 
dans !'evaluation ex-post de donnees pour estimer des taux de transmission actuels, et afin 
d'evaluer les raisons d'augmentation ou de diminution de taux dans le temps et l'espace. En 
ce sens ii est possible d'identifier les mesures sanitaires et les conditions qui influencent 
apparemment les taux de transmission et de tirer des le9ons pour les strategies futures de 
controle et de prevention. L'application la plus valable des modeles epidemiologiques est 
done de clarifier la comprehension des mecanismes de transmission de la maladie et de 
persistance (James A., 2005). 

II. Etablir la liste des types de cofits et des benefices dans 
chacune des situations a comparer 

11.1. Couts variables et cofits fixes 

Le cofit est la valeur monetaire des ressources utilisees pour produire un bien (Toma B. et al., 
2001). Les cofits lies au systeme de production (intrants et extrants) dans un elevage peuvent 
etre classes par rapport aux divers facteurs de production (travail, capital) et en fonction de 
leur degre de variabilite ( cofits fixes ou variables). 
Les couts variables sont Jes cofits qui varient directement avec la quantite produite dans le 
court terme, tombant a zero lorsque la production est egale a zero. Ils sont proportionnels au 
nombre d'interventions (diagnostics, vaccins, medicaments, deplacements) (Tascher G., 
2003). 
Les couts fixes (ou frais generaux) ne varient que dans le long terme et s'imposent meme 
lorsque la production est nulle (Laval G., 1999). Ils sont surtout constitues par les frais de 
personnel, d'investissement (batiments, infrastructures techniques, materiel) et d'etude du 
projet (Tascher G., 2003). 
La distinction est importante dans !'analyse des projets de lutte contre les maladies animales. 
Generalement une reduction de la mortalite et de la morbidite n'affecte que Jes cofits variables 
du producteur, puisque ceux-ci varient avec les niveaux de production et par consequent, avec 
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le nombre des animaux. Les couts variables les plus souvent affectes sont les charges relatives 
a l'alimentation et surtout aux soins veterinaires (Laval G., 1999). 

On determine parfois une categorie de couts dits intermediaires, qm varient avec la 
production dans le moyen terme (par exemple biens d 'equipements). 

Enfin certains preferent une classification en trois categories : frais de personnel, 
d'investissement et frais de fonctionnement. Notons que des investissements (materiel par 
exemple) peuvent avoir une duree de vie differente de celle pendant laquelle se fera l'etude 
economique et, dans ce cas, on prend en compte la valeur dite d'usage ou de recuperation la 
derniere annee du projet ou de l'etude economique. Elle est alors traitee comme un benefice 
(Tascher G., 2003 ; Tascher G. et Letenneur L., 2003). 

11.2. Couts dos a la maladie 

Utilise de maniere correcte le cout du a la maladie couvre les pertes de production et les pertes 
en terme de marche ainsi que les effets sur la sante humaine et Jes montants depenses pour les 
traiter et les prevenir. Ainsi c'est la somme de tousles effets negatifs causes par ces maladies 
(Lefevre P.C., 2005) que l'on peut classer en couts directs et couts indirects. 

Plusieurs facteurs determinent les pertes economiques liees aux maladies animales et leur 
importance (Renkema I.A. , 1983 ; Laval G., 1999; Lefevre P.C., 2005) : 

La forme de la maladie : epizootique ou enzootique 
L'espece animale: !'impact de la perte est influence par le rapport normal entre 
revenu et production brute. Le volume de production dans le secteur concerne au 
niveau national ou au niveau de !'exploitation est aussi important. 
Le niveau economique concerne 

Les sources d'informations en ce qui concerne !'incidence de la maladie au niveau regional ou 
local sont les recueils de donnees de terrain des services veterinaires, les diagnostics des 
laboratoires participant a des enquetes de terrain, les enregistrements des services d'inspection 
dans les abattoirs. 
Les donnees concemant la taille, la repartition et la structure des troupeaux ainsi que les 
parametres de production et de productivite sont souvent disponibles ou calculees a partir des 
recensements et d' enquetes ponctuelles realises par les services commerciaux, les marches, 
les associations d'eleveurs, les organisations et cooperatives privees de producteurs. 

11.2.1. Couts directs 

Les couts directs sont ceux qui peuvent etre traduits en termes de pertes de produits animaux. 
On y inclut done les couts lies a la mortalite et ceux lies a la morbidite. Certains auteurs 
considerent que le celui des traitements en fait egalement partie (Tascher G., 2003 ; Lefevre 
P.C., 2005). 
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11.2.1.1. Les donnees necessaires a l'estimation 
- au niveau d 'un elevage ou d'un ensemble d 'elevages 

L'evaluation monetaire de l' impact d'une maladie sur la production de troupeaux individuels 
est plus difficile qu'a l'echelle nationale, regionale ou de grands troupeaux car les effets 
aleatoires sont plus importants (Shaw A.P.M. , 1995). 
Estimation des couts lies a la mortalite: au niveau de l'elevage, on doit connaltre le nombre 
d'animaux morts de la maladie et leurs caracteristiques (race, age etat d 'engraissement pour 
les animaux a viande si possible) car la valeur economique des animaux en depend. Au niveau 
d'un ensemble d'elevages c'est le taux de mortalite par classes d' age dont on a besoin. 
Estimation des couts lies a la morbidite : au niveau de l'elevage il faut disposer du nombre et 
des caracteristiques des animaux ayant ete atteints par la maladie puis estimer pour chacun la 
perte de production occasionnee. Si les pertes en production de lait ou de viande s'estiment a 
peu pres aisement, il est plus difficile d'evaluer le retard de croissance d'un jeune animal par 
exemple. On transforme ensuite ces evaluations de baisse de production en valeur monetaire, 
en tenant compte du prix du marche pendant la periode de la maladie. Au niveau d'un 
ensemble d'elevages !'evaluation ne peut etre qu'imprecise. II s'agit d'evaluer une perte 
moyenne quotidienne par animal malade a partir du taux de morbidite et des connaissances 
que l'on a des manifestations cliniques de la maladie. 

- au niveau national (ou a grande echelle) 
Avant d'estimer les couts, il faut quantifier les pertes physiques. Trois types de donnees sont 
alors necessaires (Laval, 2002) : 

donnees sur la population animale : il faut les ordonner en une serie de tableaux par 
espece et systeme de production indiquant le nombre de troupeaux, selon leur taille et 
la repartition par age a l'interieur des troupeaux. 
Parametres de productivite normale : les naissances, la mortalite, la croissance et les 
taux d'exploitation. Ces donnees peuvent provenir de rapports de routine, d'enquetes 
ou de suivis de troupeaux quand ils existent. Elles sont necessaires pour etablir des 
modeles statiques ou dynamiques et servent de reference pour comparer la 
productivite avec ou sans la maladie. 
Pertes de production. Elles sont estimees a partir de !'incidence annuelle attendue de la 
maladie ce qui implique de connaltre : 

0 la mortalite par classe d'age, 
o les incidences de la maladie par classe d' age, 
o les pertes de poids par classe d'age, 
o les pertes de production laitiere, 
o la baisse de fertilite et les avortements, 
o les autres pertes de production (travail , laine ... ). 

La plupart de ces informations sont des donnees d'epidemiologie descriptive sur les 
consequences de la maladie. 
Les donnees economiques permettent alors d'effectuer la conversion monetaire pour calculer 
les couts. Il s'agit des prix du marche pour une estimation micro-economique par exemple. 

11.2.1.2. Methode de calcul en termes physiques et monetaire (Putt S.N.H. et al., 1987) 
les modeles de production animate 

Ils permettent grace a des projections sur plusieurs annees et apres avoir entre les valeurs de 
parametres zootechniques, de calculer la difference de la production avec et sans la maladie 
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(Lefevre P.C., 2005). II s'agit d' une evaluation dynamique le plus souvent qui conduit a 
!'estimation la plus precise des pertes dues aux maladies. 
Ce type d'evaluation se fonde sur une connaissance exhaustive du systeme de production et 
des effets de la maladie. Elle est particulierement adaptee a l 'estimation des pertes directes a 
un niveau national ou regional. 

Les methodes d'estimation des pertes annuelles 
Cette approche donne pour differentes productions animales des approximations annuelles de 
l'effet d'une maladie sur certains parametres de production. On ne tient pas vraiment compte 
des effets dynamiques qui s'observent par le biais de la diminution de fecondite et de la 
croissance du troupeau. Deux methodes : 
1) Pertes estimees en tant que fonction de la valeur de !'animal. Se fonde sur le concept d'un 
prix refletant le revenu futur attendu d'un animal. Elle utilise le prix moyen estime par animal 
dans chaque groupe d ' age/sexe. Les estimations des pertes dues a la mortalite et a la 
morbidite se font par rapport a ce prix moyen par animal. La mortalite exprimee en 
pourcentage pour chaque classe permet de calculer le cout de la maladie. Les pertes liees a la 
morbidite sont estimees approximativement par cette methode en considerant une perte 
globale de production egale a uncertain pourcentage de la valeur de !'animal atteint. 
2) Pertes exprimees par l'effet de la maladie sur la production finale de lait, de viande et de 
jeunes et sur la puissance de traction. Cette methode necessite de connaitre precisement les 
baisses de production entrainees par la maladie. Les pertes dues a la mortalite peuvent etre 
calculees selon la methode precedente. Pour la morbidite, le calcul prend en consideration la 
diminution de chaque production : lait, reuf, laine, retards de croissance, baisse de poids, 
troubles de la reproduction par exemple. 
La premiere methode se prete aux estimations grossieres quand on ne dispose pas de donnees 
detaillees sur la morbidite et les effets de la maladie. 

11.2.2. Couts indirects 

Les couts indirects correspondent pour leur part a toutes les consequences negatives d'une 
maladie sur un animal autres que la mortalite et les pertes de production (Msellati L., 1995 ; 
McCauley E.H., 1990; Tascher G., 2003). 
La plupart de ces couts correspondent a des baisses indirectes de productivite dans les 
activites liees a l'elevage, a une augmentation des couts de production ou a des consequences 
sur la sante humaine. 
Dans le cas des zoonoses par exemple, II s' agit de pertes de revenus liees a l'inactivite d'une 
personne malade et au cout des soins et traitements. On peut aussi inclure les couts de la mort 
et de la souffrance (ou de la qualite de vie). Enfin ii y ales pertes liees au refus du producteur 
d'entreprendre certaines activites de peur de contracter certaines maladies (Putt S.N.H. et al., 
1987). 
II est possible de rajouter dans les couts indirects le cout des interventions et le temps qui leur 
est consacre (Msellati L., 1995) mais egalement ceux qui resultent de la fermeture des 
marches exterieurs (Ducrot C. et Boisseleau D., 1996). Une estimation peut alors s'effectuer 
en posant comme hypothese qu'apres la perte initiate d'un marche exterieur, l'exportateur 
trouvera un autre debouche offrant des prix plus bas (Putt S.N.H. et al., 1987). La fermeture 
des frontieres pendant une certaine periode a des effets sur le marche interieur qu'il faut 
estimer par les consequences sur la filiere (Ducrot C., 1995). 
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Les couts indirects sont done plus difficiies a estimer et a quantifier mais representent une part 
de moins en mains negligeable du cout total impose par les maladies et doivent etre au 
minimum listes (Harrison S.R., 1996; Perry B.D., 2001 ; Toma B. et al., 2001; Lefevre P.C., 
2005 ; James A., 2005). 
La quantification de tels effets est possible meme si elle est difficile. Elle se fonde 
essentiellement sur I' estimation des revenus supplementaires des producteurs qui 
decouleraient de I' elimination de la maladie, de I' amelioration eventuelle des systemes de 
production existants, ou de !'adoption eventuelle de nouveaux systemes de production (Putt 
S.N.H. et al., 1987). Les methodes du consensus d'experts ou de !'evaluation de contingence 
peuvent aussi etre employees meme si elles comportent de nombreux biais. L'evaiuation de 
contingence consiste a enqueter sur ce que les gens seraient prets a payer en echange d'un 
benefice donne ou pour preserver une situation. 
Dans tous ies cas ii faut eviter les « double compte » en attribuant par exemple une valeur a 
une perte de po ids et en comptant aussi le cout de I' alimentation supplementaire necessaire 
pour lui permettre de retrouver son poids initial (Lefevre P.C., 2005). 
Les couts indirects sur la sante humaine font l'objet dans ies pays developpes d'une attention 
soutenue, alors que dans ies pays en developpement ils sont beaucoup plus difficiles a 
apprehender. L'analyse economique, dont l'objectif est le bien-etre de l'homme, se doit de les 
prendre en compte en essayant de les chiffrer (Tascher G., 2003). 

11.3. Couts d'un programme de Jutte 

Iis correspondent aux moyens financiers mobilises pour des activites de prevention sanitaire 
ou des mesures medicales d'eradication (Putt S.N.H. et al., 1987). 
Pour la prevention ies couts pris en compte sont ceux des activites quotidiennes des eieveurs 
(observation des animaux, maintien de la proprete des iocaux ... ), du controle des 
mouvements d'animaux (frontieres, clotures .. ), des mesures de protection dans ies marches a 
bestiaux, de la desinfection des vehicules de transport. 
Concemant !'eradication, on s'interesse a la surveillance et au depistage (diagnostic 
serologique ou autre et les enquetes ainsi que le reseau d'epidemio-surveillance), au 
traitement de la maladie avec le suivi, a la prophyiaxie, aux abattages pour ies maladies 
reglementees, a la lutte contre les vecteurs, a !'utilisation d'animaux resistants a la maladie 
(experimentation, selection, enquetes, suivis) (Laval G., 1999). 

Ces couts comprennent des charges fixes (fonctionnement et amortissement des vehicules, 
salaires fixes, administration et bureau) et des charges variables (medicaments et vaccins, 
petit materiel medical, indernnites de deplacement du personnel) (Putt S.N.H. et al., 1987). 
Les charges (ou couts) variables sont proportionnelles au nombre d'interventions reaiisees 
alors qu'au contraire les charges (ou couts) fixes (ou encore les frais generaux) en sont 
theoriquement independants (Toma B. et al., 2001). En realite peu de couts dits fixes le sont 
reellement, ils progressent par paliers a partir d'un certain niveau d'activite. 
Le principal objectif de la distinction est la comparaison de leur part dans le cout total. On 
veut pouvoir s'assurer que les elements contribuant aux charges fixes sont utilises a leur 
capacite maximale (Putt S .N .H. et al., 1987), ies gaspillages etant frequents. Si les credits 
alloues a un projet diminuent, les activites relevant des charges variables sont souvent 
sacrifiees en premier de sorte que le projet coute toujours (pour payer les salaires en 
particulier) alors qu'aucune activite reelie n'existe. 
Certains economistes distinguent plutot trois categories (Faye B., 2001): couts de personnel, 
couts d'investissement et de materiel, couts de fonctionnement (qui correspondent aux couts 
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variables). Si la lutte <lure plusieurs annees on calcule un cout general annuel (somme des 
trois pour toute la duree de la lutte) que l'on multiplie par le nombre d'annees. 

11.4. Les benefices 

De maniere generale, les avantages d'un programme de lutte correspondent a la difference 
entre les pertes dues a la maladie « avec » le programme implante et les pertes « sans » le 
programme (Tascher G., 2003 ; Lefevre P.C., 2005). Seuls les couts de la maladie sont pris en 
compte, ceux du programme de lutte sont laisses de cote. 

Dans une economie de marche, « I 'optimum economique » du niveau d'incidence de la 
maladie et de son controle est la resultante de la demande et de l'offre. La demande 
correspond a la relation entre le prix de marche d'un produit ou d'un service et du nombre de 
gens qui veulent et qui peuvent acheter, tandis que l 'offre est la relation entre le prix du 
marche et la quantite de producteurs qui veulent et qui sont en mesure de vendre. II est 
d'usage de representer l'offre et la demande sous la forme d'un graphique avec les prix en 
ordonnee et les quantites en abscisse. La figure 1 montre une hypothetique relation 
offre/demande (Ott M.J. et al., 2000). 

Price Supply 

ProCIUCE4" --~ 
rurp1ue 

Figure I : Courbe de l'offre et de la demande (Ott M.J. et al., 2000) 

La courbe de la demande a une pente decroissante - a mesure que le prix baisse le besoin 
augmente - al ors que la courbe de I' offre a une pente croissante - l 'offre augmente a mesure 
que le prix augmente. Les deux droites se coupent au prix d'equilibre : les quantites d'offre et 
de demande sont en equilibre. 
U ne mesure de l 'effet de la variation de la quantite de la demande et de l' offre selon les prix 
du marche d'un produit est appelee respectivement elasticite de la demande ou de l'offre. Si 
une petite variation de prix entrai:ne une plus grande variation de la demande ou de l' offre, la 
courbe offre/demande est dite elastique (la courbe a une pente relativement faible). Dans le 
cas contraire la courbe est dite inelastique et sa pente est forte. Les produits de l' agriculture 
sont caracterises par des courbes relativement inelastiques c'est-a-dire que la demande change 
relativement peu en fonction du prix ce qui par effet miroir implique que de faibles 
changements de quantites peuvent avoir de gros effets sur les prix. 

L'aire entre les courbes d'offre et de demande a la gauche de leur point d'intersection est tres 
importante par rapport a la distribution des benefices resultant du controle des maladies. Cette 
surface procure des informations sur le bien fait aux producteurs, aux consomrnateurs et a la 
societe dans son ensemble. Par exemple, la courbe de l' offre indique que certains producteurs 
auraient aime fournir l'offre au marche pour des prix inferieurs a Pe. D'un autre cote, certains 
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consommateurs auraient aime acquerir le produit a des prix supeneurs a P e· Ainsi, Jes 
consommateurs et Jes producteurs re9oivent une sorte de surplus, certains consommateurs 
parce qu'ils obtiennent le produit a un prix inferieur a celui auquel ils etaient prets a le payer 
et certains producteurs parce qu'ils re9oivent un prix plus important que celui auquel ils 
auraient ete prets a produire. 

Q, a. Q.I.-rity 

Coosurrer benefits: a + !) Net bsnefit: b + d 
Prodl.JC€{ banefits: d - a 

Figure 2 : Courbe de l'offre et de la demande apres controle 

Le controle effectif des maladies animales augmente l'efficacite (le rendement) des ressources 
utilisees dans les populations atteintes, et par consequent deplace la courbe d ' offre pour Jes 
produits animaux vers la droite, c'est-a-dire que Jes eleveurs veulent produire plus quel que 
soit le prix actuel. Un nouvel equilibre est atteint. Comme on peut le voir sur la figure 2, en 
resultante de ce nouvel equilibre, le surplus des consommateurs et des producteurs a change. 
Plus le produit est vendu a un prix bas, plus le consommateur, qui paie moins, en beneficie, et 
plus le producteur, qui en vend plus, en profite aussi. La surface b+d sur la figure 2 represente 
le benefice net pour la societe dans son ensemble. La distribution des benefices d' un 
mouvement donne de la courbe de I' offre depend de l 'elasticite de la demande. Plus la 
demande du consommateur est inelastique, plus le surplus du consommateur sera important, 
alors que Jes producteurs profiteront peu de !'augmentation de l'efficience de la production. 
Les augmentations de l'offre et Jes consequences sur les mouvements des prix doivent etre 
considerees quand le controle d 'une maladie est applique a une large proportion d ' elevages, 
c'est-a-dire lors de politiques de controle nationales ou de programmes d ' eradication (Ott M.J. 
et al., 2000). 

Les benefices au sens strict du terme prennent en compte pour leur part ce cout du programme 
de lutte: 
Benefice = pertes dues a la maladie sans lutte - (pertes dues a la maladie avec lutte + cout du 
programme de lutte) (Lefevre P.C., 2005) 
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DEUXIEME PARTIE: L'ANALYSE COUT-BENEFICE, PLUS 
COMPLETE 

I. La valeur monetaire des benefices 

1.1. Passage de l'expression en termes physiques a la valeur monetaire 

Souvent, il n' est pas certain que les consequences des options etudiees soient identiques. De 
plus ii peut etre impossible de reduire Jes resultats attendus a un seul effet commun aux 
differentes options. On s'interesse alors soit a des effets qui, tout en etant communs a toutes 
les options, sont multiples, soit a des effets, uniques ou multiples, qui ne sont pas communs a 
toutes les options. 
Afin de poursuivre !'analyse cout-efficacite, il faudrait alors calculer les ratios cout-efficacite 
pour ces trois criteres. Si une option n' est pas nettement meilleure pour les trois criteres a la 
fois, on peut soit selectionner (implicitement ou explicitement) un effet principal sur lequel 
fonder la comparaison, soit trouver une methode qui agrege les trois effets en un 
denominateur commun. 
Les analystes tentent alors souvent de depasser la prise en compte des effets specifiques eux
memes pour mesurer la valeur des effets pris dans leur ensemble. Cette valeur peut-etre 
mesuree dans !' unite monetaire, et les consequences d'un programme sont alors exprimees par 
le benefice en unite monetaire ce qui facilite la comparaison avec Jes couts (Birch S. et 
Donaldson C., 1987; Pauly M.V., 1995). Cela oblige a exprimer en unite monetaire des 
benefices tres qualitatifs ce qui n'est pas toujours aise mais dans certain cas c'est une methode 
faisable et adaptee (Drummond et al., 1998). C'est d'ailleurs la methode la plus utilisee en 
sante animale (Ducrot C. et Boisseleau D., 1996, Mlangwa J.E.D et Samui K.L., 1996). Elle 
est egalement nommee « avantage/cout » ou « cout avantage » par certains auteurs (Laval G., 
2002). 
C'est une analyse qui se doit d'etre methodique et exhaustive tout comme !'analyse cout 
efficacite et dont Jes premieres etapes d'inventaire des couts et benefices en termes physiques 
sont communes, l'etape supplementaire etant la conversion monetaire. Les resultats des 
analyses ACB peuvent etre presentes sous la forme d'un ratio cout/benefice, tous deux 
exprimes en unite monetaire, soit comme une simple somme (pouvant etre negative) 
representant le benefice net (ou la perte) d'un programme par rapport a un autre (Drummond 
M.F. et al., 1998). 

1.2. L'actualisation 

Une meme somme d'argent n'a pas la meme valeur d'une annee sur l'autre, compte tenu des 
taux d'interet. Le principe de !'actualisation est de calculer la valeur actuelle d'une valeur 
future. 
Un sou investi aujourd'hui ne peut donner des resultats que dans un, deux ou trois ans. Quand 
on place son argent, on obtient des interets plus eleves que !' erosion monetaire et ces interets 
sont composes c'est-a-dire que chaque fin d'annee l'interet s'applique a la sornme qui existait 
sur le compte en de but d' annee. Si l 'on place 100 € a 10%, on recevra 110 € la premiere 
annee, 121 € la deuxieme ou 161 € la cinquieme. Le taux d' actualisation correspond 
exactement a !'inverse de l'interet compose. Si dans cinq ans, on s'attend a recevoir 161 €, 
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aujourd'hui ces 161 € n'ont qu'une valeur actuelle de 100 € si le taux d'actualisation est de 10 
p. 100 (Tascher G., 2003 ; Tascher G. et Letenneur L., 2003). 
La valeur actuelle d'un cout ou d'un benefice a venir, considerant un taux d'actualisation r (p. 
Cent) et un nombre d'annees dans le futur n, est calculee de la maniere suivante (Ducrot C. et 
Boisseleau D., 1996; Toma B. et al., 2001): 

Valeur actuelle = valeur future / ( 1 + r/ 1 OOt 

Couts et benefices attendus au cours du temps doivent etre compares apres !'application d'un 
taux d'actualisation lors d'une analyse economique (Putt S.N.H. et al., 1987 ; Dijkhuizen 
A.A. et al., 1995 ; Ducrot C. et Boisseleau D., 1996 ; Toma B. et al., 2001 ; Brent R.J., 1998). 
Ils doivent etre « actualises » car I' argent perdu ou gagne ulterieurement ne doit pas peser 
aussi lourd dans la decision que I' argent perdu ou gagne a I 'instant present. 
L'inflation n'est generalement pas integree dans le taux d'actualisation car les estimations 
s'effectuent sur la base des prix du moment (Putt S.N.H. et al., 1987; Ducrot C. et Boisseleau 
D., 1996). 

1.3. Comparaison des coots et des benefices en utilisant au choix trois 
indices 

1.3.1. la valeur actuelle nette ou le benefice net actualise 

La technique de la valeur actuelle est la somme actualisee de la difference entre benefices ( ou 
avantages) et couts de chaque annee. Elle suppose que l'on connaisse le taux d'actualisation 
ou que l'on s'en fixe un arbitrairement. Sa formule mathematique est: 

T=n 

VA = I (Bi - C1) / (1 + i)1 

T=I 

Bt: benefices (ou avantages) de l'annee t 
Ct : couts de I' annee t 
t: annee 1, 2, ... n 
n : nombre d' annees de I' etude 
i : taux d' actualisation 

OU VAN=VAA-VAC 

VAN : valeur actuelle nette 
V AA : valeur actuelle avantages 
VAC : valeur actuelle couts 

Les benefices ou les couts de l' annee t representent en valeur algebrique les benefices avec 
projet diminues des benefices sans projet de l'annee consideree et il en est de meme pour les 
couts. 
Si la valeur actuelle est positive, le projet peut etre accepte (Toma B. et al., 2001 ; Tascher G., 
2003). 
Cependant, ce critere donne une valeur d'autant plus grande que le projet est important et 
defavorise les petits projets qui, souvent, ont plus de chances de reussite que des grands 
projets (Tascher G., 2003 ; Tascher G. et Letenneur L., 2003). 
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1.3.2. le rapport benefices/cofits 

C'est le rapport entre la somme des valeurs des benefices actualises (ou des avantages) et la 
somme des couts actualises. Ce critere suppose que l'on connaisse le taux d'actualisation ou 
que l 'on s' en fixe un arbitrairement. Sa formule mathematique est : 

T=n T=n 
CI Bt / (1 + i)1 

)/ CI C1 / (1 + i)1) 
T=I T=l 

Si ce rapport benefices-couts est superieur a 1 le projet peut etre accepte. 
Les benefices ou les couts de l'annee t representent en valeur algebrique les benefices avec 
projet diminues des benefices sans projet de l'annee consideree et il en est de meme pour les 
couts. L'inconvenient de ce critere est qu'il ne dit rien sur la valeur des investissements a 
entreprendre. (Tascher G., 2003 ; Tascher G. et Letenneur L., 2003). 

1.3.3. le taux de rendement interne ou taux de rentabilite interne 

Le critere du taux de rentabilite inteme est le rapport pour lequel le taux d'actualisation rend 
nul les benefices (ou les avantages) mains les couts actualises. Ou bien on peut dire qu'il 
correspond au taux d'actualisation pour lequel la valeur actuelle des avantages est egale a la 
valeur actuelle des co fits. Ce critere sous en tend que l 'on ne connait pas le taux 
d'actualisation. Sa formule mathematique est : 

T=n 
L (B1 - Ct) / (1 + i)1 = 0 

VAN=O 
T=I 

; TRI= tx d'actualisation pour lequel VAA=VAC, done 

Ou i est le taux de rentabilite interne recherche, la recherche de i se fait en resolvant cette 
equation par iteration. On ne peut en effet pas calculer le TRI directement, il faut le faire par 
tatonnement en utilisant differents taux d'actualisation jusqu'a ce qu l'on trouve une VAN 
tres proche de O (Toma B. et al., 2001). 
Si le taux de rentabilite inteme est positif et s'il depasse le taux d'actualisation courant, le 
projet peut etre accepte. La priorite a donner aux projets commence par ceux qui ant les taux 
de rentabilite inteme les plus eleves. 
Ce critere est le plus utilise notamment par la banque mondiale (Tascher G., 2003 ; Tascher 
G. et Letenneur L., 2003). 

Pour tous ces criteres la presentation sous forme de tableau est essentielle, car un chiffre brut 
comme un taux de rentabilite interne de 15 % peut cacher que certaines annees il y aura des 
difficultes de tresorerie pour l'etat, pour le projet ou pour l'eleveur ou que le temps a attendre 
pour obtenir des benefices ou pendant lequel on doit faire des sacrifices n'est pas acceptable. 
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II. Les criteres d'acceptabilite d'un projet et I'analyse de 
sensibilite 

11.1. Les indicateurs d'acceptabilite 

Que ce soit en sante humaine ou en sante animale, les indicateurs d'acceptabilite d'un 
programme sont: 

le benefice social net ( egalement denomme valeur actuelle nette ou benefice net 
actualise), difference entre les benefices et les couts des programmes compares, 
le ratio benefice/cout, 
le taux de rentabilite interne, defini comme la valeur du marche de !'argent (ou du 
taux d'actualisation) qui rendrait egaux couts et benefices. 

(Putt S.N.H. et al., 1987; Drummond M.F. et al., 1998; Ducrot C. et Boisseleau D., 1996; 
Toma B. et al., 2001) 
Cependant la regle de decision dependra du contexte de !'evaluation (Pauly M.V., 1995) et en 
particulier de !'existence ou non d'une contrainte budgetaire (Brent R.J., 1998). 
Ce domaine est encore peu developpe. En fait, Jes criteres cles sur lesquels sera jugee une 
strategie sont plus larges que ceux qu'englobent ces indicateurs economiques. Ainsi on y 
inclut des parametres tels que la distribution des benefices ou Jes effets sur I' emploi (Perry 
B.D., 2001). 

11.2. L'analyse de sensibilite 

Les analystes doivent identifier les hypotheses methodologiques critiquables et Jes zones 
d'incertitude. Pour ce faire, ils modifient en general !'analyse d'origine (qualitativement ou 
quantitativement), en utilisant des hypotheses ou des estimations differentes de fa9on a tester 
la sensibilite des resultats et des conclusions a ces modifications. Si Jes resultats sont peu 
sensibles a des modifications importantes, une plus grande confiance sera accordee aux 
resultats d'origine. Dans le cas contraire, ii faudra s'efforcer de reduire !'incertitude et/ou 
d'ameliorer la connaissance des variables strategiques. L'analyse de sensibilite est done un 
element majeur d'une evaluation economique serieuse (Drummond M.F. et al., 1998, Ott M.J. 
et al., 2000 ; Tascher G. et Letenneur L., 2003). 
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TROISIEME PARTIE: APPLICATION A L'ETUDE 
CRITIQUE D' ARTICLES 

I. La grille d'analyse selon Drummond 

Drummond M.F. et al., 1998; Bonnet P., 2003 

1. La question de recherche est-elle clairement definie et posee de maniere ace que l'on 
puisse y repondre ? L' etude permet elle de donner une reponse precise au motif de 
recherche? 

2. Les options concurrentes du programme a mettre en place ont-elles ete decrites de 
fa<;on exhaustive, explicite et comprehensible ? (i.e. pouvez-vous dire qui ? a fait 
quoi ? a qui ? ou ? et avec quelle frequence ?) 

3. L'efficacite des programmes a-t-elle ete etablie clairement, y a-t-il assez d'evidences 
de l'efficience du programme? 

4. Les couts et les consequences les plus importants de chaque option ont-ils ete 
identifies ? 

5. Les couts et les consequences ont-ils ete mesures correctement, en unites physiques 
appropriees (nombre d'annee de vie sauvees, decroissance du taux de mortalite ... ) ? 

6. Les couts et les consequences (avantages) ont-ils ete evalues de fa<;on pertinente? 
7. Les couts et les consequences ont-ils ete ajustes en fonction du temps? 
8. Une analyse differentielle (incrementielle) des coG.ts et des consequences (ratios) des 

options concurrentes a-t-elle ete realisee ? 
9. A-t-on tenu compte de l'incertitude dans l'estimation des couts et des consequences et 

une analyse de sensibilite a-t-elle alors ete effectuee? 
10. La presentation et la discussion des resultats de l'etude recouvrent-elles toutes les 

preoccupations des utilisateurs ? 

II. Deux articles ACE 

11.1. Cofi.t-efficacite de mesures pour prevenir l'introduction de la peste 
porcine classique en Hollande 

DE VOS C.J., SAATKAMP H.W., HUIRNE R.B.M., 2005. Cost-effectiveness of measures to 
prevent classical swine fever introduction into the Netherlands, Prev. Vet. Medicine, 70 : 235-
256 

L'objectif de l'article est de faire !'analyse coG.t-efficacite de differentes mesures de 
prevention de l'introduction de la peste porcine classique en Hollande. Le point de vue semble 
etre celui des decideurs de police sanitaire nationaux qui preconisent actuellement la non
vaccination et l 'abattage total des elevages infectes. 
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Les options concurrentes sont au nombre de six. II s'agit: 
Du nettoyage et de la desinfection des camions de transport du betail de retour en 
Hollande par un personnel certifie dans des centres qui auront ete prealablement 
definis ; 
De la separation des transports nationaux et internationaux de cochons dans des 
camions specifiques avec la mise en place de points de rassemblement pour les 
cochons destines a l' export ; 
De I 'utilisation de camions de transport a plusieurs containers detachables. Les 
containers seront deposes vides dans les fermes puis repris un a un sur le trajet de 
retour une fois pleins ; 
De l 'utilisation de routes separees pour I' approvisionnement et la li vraison dans les 
fermes : existence de barrieres physiques entre la partie propre de l 'entreprise et les 
routes de transport bitumees. Une chaine d'hygiene, pas de vehicule admis dans la 
partie propre de l' entreprise ; 
D'un apport logistique concemant l'abattage des cochons gras : seront abattus 
d'abord les pores hollandais puis les pores importes. II ne faut pas de contacts 
physiques entre les pores des deux origines. II y aura un nettoyage et une 
desinfection supplementaire de la chaine et du local pre-abattage apres 
I' approvisionnement en pores importes ; 
Du test des porcelets et des cochons reproducteurs par un test PCR rapide et fiable. 
Tous les cochons d'un lot sont testes. Les resultats des tests sont connus dans les 
24h. 

Les options sont explicitees mais de fac;on imprecise. On ne dispose pas de detail sur leur 
deroulement, les acteurs impliques ou la frequence de leur mise en reuvre. 
Les donnees utilisees proviennent de diverses sources : publications, consensus d'experts, 
modele mathematique. 
L'efficacite de chacune des mesures choisies est bien illustree par !'utilisation d'un modele de 
type arbre de decision avec comme indicateur la reduction de la probabilite annuelle 
d'introduction du virus de la peste porcine classique en Hollande. 
C'est au niveau des calculs des couts que les auteurs regrettent !'obligation d'une estimation 
grossiere par manque de donnees. Le calcul est approxime par les couts supplementaires 
necessaires a I' implantation des mesures etudiees par rapport a la situation actuelle, sans que 
l 'on ait beaucoup plus de precisions. On sait par contre qu'ils ont bien ete ajustes en fonction 
du temps en tenant compte de pourcentages de depreciation annuels par exemple. L'etude de 
sensibilite realisee sur les couts annuels des mesures de prevention, montre que les resultats 
qui ressortent de I' analyse cout-efficacite sont solides malgre les incertitudes existantes dans 
le calcul des couts. 

L' article conclut que la mesure la plus efficace est la separation des transports nationaux et 
intemationaux de cochons avec le transfert des cochons dans des camions specifiques pour 
!'international apres rassemblement dans des sites pour !'export. C'est aussi la meilleure en 
terme de cout-efficacite pour la Hollande. 

L'etude permet done l'apport d'elements precis et importants sur l'efficacite des differentes 
mesures etudiees dont !'analyse de sensibilite souligne la fiabilite, mais ne saurait se suffire a 
elle-meme !ors d'une prise de decision car elle ne recouvre pas toutes les preoccupations des 
utilisateurs. Par ailleurs, l'approche des cofits necessiterait un approfondissement par la 
realisation d'une etude de la facilite d'implantation des mesures etudiees en fonction 
notamment de l'investissement necessaire a leur realisation, l'etude de la repartition des cofits 
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et des benefices entre les differents acteurs impliques, une etude cout-benefice (la mesure 
vaut elle la peine compte tenu de son prix ?), et enfin une etude du cout imputable a la 
reduction de la probabilite d'introduction de la maladie. 

11.2. L'analyse cofit-efficacite en medecine veterinaire : Illustration par 
l'etude de la valeur pronostique de l'hematocrite pour les coliques 
chirurgicales du cheval en Belgique. 

DETILLEUX J.C., SERTEYN D., 2005. Cost-Effectiveness Analysis in Veterinary 
Medicine : Illustration with packed cell value in the Prognosis of horse surgical colic in 
Belgium. Intern. J Appl. Res. Vet. Med, 3 ( 4) : 309-318. 

Le but de l'etude est !'illustration de l'utilite d'une analyse coilt-efficacite dans le cadre de 
I' exercice de la medecine veterinaire equine d 'urgence. Les auteurs s' appuient sur la valeur 
pronostic de l 'hematocrite pour les coliques equines de nature chirurgicale. 
Ils comparent les options « traitement chirurgical de la colique sans test de l 'hematocrite » 
avec « traitement chirurgical apres test de l 'hematocrite positif et pas de traitement si test de 
l 'hematocrite negatif ». La valeur seuil choisie pour l 'hematocrite est 44 % conformement a 
une etude precedente basee sur des donnees belges. 
Le critere d'efficacite choisi est classique. C'est le nombre d'annees de vie gagnees pour le 
cheval apres chirurgie ou « annee-cheval ». Les couts sont d'abord evalues en termes 
physiques puis en termes monetaires de maniere assez rigoureuse. 
Le point de vue choisi est celui du proprietaire de I' animal, decideur final pour la chirurgie. 
Sur ce principe, les auteurs attribuent done a chaque efficacite une valeur rnonetaire refletant 
la somme maximum que le proprietaire serait pret a payer pour le resultat. 
Le resultat final est exprime en terme de benefice net incrementiel (INBK), difference entre Jes 
augmentations en efficacite et en coilt : 

INBK = K x (Er - EN) - (Cr - CN) avec : 

K : valeur monetaire pour une annee-cheval gagnee 
Er : efficacite avec test ; EN : efficacite sans test 
Cr: cout avec test; CN : cout sans test 

Pour analyser les differents types d'incertitudes plusieurs techniques sont utilisees dont la 
modelisation et plusieurs representations : diagrammes, courbe d'acceptabilite cout-efficacite 
par exemple. 

Leur conclusion est que la strategie « avec test » est moins couteuse et moins benefique que 
« sans test », quelles que soient la volonte de payer (K) pour une annee-cheval, et la limite 
choisie pour l'hematocrite. 

Dans l 'alternative « pas de test » la chirurgie est faite sur tous Jes chevaux, alors que dans 
I 'option « test ,» la chirurgie est faite uniquernent sur Jes anirnaux a test positif ce qui reduit Jes 
couts. 
Cependant puisque la strategie « test » est aussi rnoins efficace la question se pose de savoir si 
l'economie budgetaire realisee estjustifiee. 
Cette decision ne peut-etre prise que si une valeur critique ou « somrne que le proprietaire est 
pret a payer » pour une annee-cheval a ete precisee. Ainsi quand le proprietaire est pret a 
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payer au maximum 672€ pour une annee-cheval, l 'option test (Ht<44 %) est la plus cout
efficace. 
Toutefois la courbe d'acceptabilite du critere cout-efficacite montre que le proprietaire 
prendra la mauvaise decision dans 50 % des cas a cause des variations d'echantillonnage. 

Cette etude repond done explicitement au motif de recherche avec une incertitude forte mais 
l'evaluation semble pertinente. L'ajustement temporel n'a pas de sens ici puisque l'analyse est 
directement applicable et se refere a des valeurs actuelles. On peut cependant se demander si 
l ' on ne se rapproche pas plut6t d'une etude cout-benefice, un des criteres fondamentaux 
utilises etant le benefice net incrementiel et non plus un ratio efficacite/cout. 

III. Deux articles ACB 

111.1. Analyse cont-benefice de la vaccination des vaches laitieres contre la 
para tu berculose 

VAN SCHAIK G., KALIS C.H.J., BENEDICTUS G. , DIJKHUIZEN A.A., HUIRNE 
R.B.M., 1996. Cost-benefit analysis of vaccination against paratuberculosis in dairy cattle. 
Veterinary Record, 139 : 624-627 

En 1984, un essai de vaccination contre la paratuberculose fut mene par les services de sante 
animale du nord de la Hollande afin : 

d'etudier l' effet de la vaccination sur le nombre d ' animaux ayant la forme clinique 
ou subclinique de la maladie, et, 
de voir si la vaccination reduit les pertes de production et si les benefices de la 
vaccination surpassent le total des cofits. 

Les auteurs se proposent de donner les resultats de la partie analyse cofit-benefice de l'essai. 
Les options concurrentes du programme sont les situations avant et apres vaccination, en 
utilisant un lot vaccine et un groupe temoin. La vaccination est effectuee en une seule fois sur 
des animaux ayant moins d'un mois a l' aide d'un vaccin tue dans une emulsion huileuse. 
Le point de vue choisi est celui de l' eleveur. 
Les couts et les benefices de la vaccination sont calcules grace a la methode du budget partiel, 
done seuls les changements produits par le programme de vaccination sont calcules. 
Les pertes par animal a l'echelle de la ferme sont enumerees en tennes physiques. II s'agit 
de pertes: 

avant que I' eleveur ne reforme I' animal : pertes en termes de production laitiere et 
co fit de I' examen veterinaire et du traitement, 
a la reforme : valeur plus faible a I ' abattage et cofit des places vides dans l 'elevage, 
dues a la reforme : pertes par rapport aux futurs revenus qu'aurait rapportes 
}'animal. 

L' evaluation en terme monetaire est faite a partir des resultats experimentaux, les prix sont 
apparemment ceux du moment. 
Les chercheurs utilisent aussi la bibliographie et un modele dynamique pour estimer les 
manques a gagner futurs en fonction des qualites propres a chaque vache. 
Les benefices de la vaccination sont la reduction des pertes par la reduction de l'une ou 
plusieurs de leurs composantes. 
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La conclusion est que le benefice de la vaccination est de 142 $US par vache. La vaccination 
reduit la frequence des animaux infectes cliniquement et de maniere subclinique. Elle pourrait 
done participer a !'elimination de la paratuberculose ce qui serait hautement profitable pour 
l'eleveur. Les fermes qui vaccinent n'ont pas le droit d'exporter des animaux vivants. Mais 
pour les auteurs Jes benefices de la vaccination surpasseront en moyenne facilement Jes pertes 
causees par ces restrictions a l 'export. 

La presentation et la discussion des resultats tendent a recouvrir toutes Jes preoccupations des 
utilisateurs. Cependant, comme Jes auteurs eux-memes en font mention, on ne peut pas 
vraiment dire que l'efficacite du programme ait ete clairement etablie puisqu'ils n'ont pas 
prouve que toutes les differences en terme de production laitiere et de manque a gagner futur 
pouvaient etre imputees a la paratuberculose. D'autre part on peut regretter que les couts et les 
benefices se referant a I' etude en 1984 et finie en 1992 n' aient pas ete ajustes en fonction du 
temps et qu'il n'y ait pas d'analyse de sensibilite effectuee. 

111.2. Evaluation de differentes strategies pour la prevention de la maladie 
de Newcastle au Cambodge 

SEN S., SHANE S.M., SCHOLL D.T., HUGH-JONES M.E., GILLESPIE J.M.,1998. 
Evaluation of alternative strategies to prevent Newcastle disease in Cambodia. Preventive 
veterinary Medicine, 35 : 283-295 

Cette etude a ete menee pour quantifier !'impact de la maladie de Newcastle a l'echelle d'une 
ferme commerciale de volailles au Cambodge. Par !'analyse cout-benefice, les auteurs veulent 
aussi evaluer Jes benefices qu'un eleveur peut retirer de differentes strategies de prevention 
contre la maladie de Newcastle afin de pouvoir choisir celle qui maximise Jes profits et le 
retour sur investissement. 

Les differentes strategies comparees sont : 
ne rien faire ( de maniere implicite) ; 
la vaccination seule ; 
le renforcement de la securite sanitaire seul ; 
I' association de la vaccination et des mesures de police sanitaire. 

L'option vaccination est decrite dans le detail. II s'agit de !'utilisation de vaccins vivants 
attenues et de vaccins tues dans des emulsions huileuses. Le protocole du programme vaccinal 
est decrit dans un tableau. La vaccination contre la bursite infectieuse est incluse car ii est 
considere necessaire d'avoir une protection contre ce virus pour avoir une reponse correcte en 
anticorps contre la maladie de Newcastle. 
L'efficacite des programmes permet de classer Jes strategies alternatives : 70% d'efficacite 
pour la vaccination, 50% pour la police sanitaire et 95% pour !'association des deux ; 
l'efficacite etant definie ici comme [1- probabilite d'infection dans un elevage expose au 
virus]. 
La maniere d'obtenir ces pourcentages n'est pas tres bien explicitee par rapport aux references 
prises pour le calcul. 70% d'efficacite pour la vaccination semble eleve compte tenu de la 
difficulte generale de sa mise en place dans les pays en voie de developpement. A-t-on pris en 
compte !'ensemble des conditions sur le terrain? 
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Les couts les plus importants de chaque option semblent avoir ete correctement identifies. Les 
auteurs en donnent la liste pour chaque option : 

- cout de la vaccination : 
- achat et stockage de vaccins fabriques conformement aux standards 
intemationaux d'efficacite et de securite, 
- personnel necessaire pour l 'administration du vaccin 
- provision supplementaire pour la realisation d' essais serologiques afin de 
confirmer la reponse en anticorps suite au vaccin. 

- cout de l ' amelioration de la police sanitaire : 
- proportion du cout fixe de mise en place d'une cloture en fer de deux metres 
de haut avec des portes securisees autour de I 'unite de production pour prevenir 
Jes intrusions et pour exclure les volailles exterieures a I' elevage, 
- separation de l'elevage et de la partie accessible par le marchand d'animaux 
vivants, 
- desinfectants pour la decontamination des locaux et des equipements a la fin 
de chaque cycle, 
- vetements et chaussures specifiques a I' elevage pour le personnel. 

S'y ajoute les couts d' investissement, de fonctionnement et d'equipement pour la realisation 
de chacune des options. 
II est difficile d' affirm er que la mesure des couts est correcte, toutes les donnees de base des 
calculs provenant d'enquetes informelles, meme si les prix du marche par exemple sont dits 
concordants avec ceux du Ministere de I' Agriculture Cambodgien obtenus quatre ans plus tot. 

Par contre le parametre temps est pris en compte, toutes les valeurs etant ramenees au 
deroulement d 'un cycle de production. 
L'analyse differentielle des couts et des consequences des options concurrentes est realisee. 
Les profits des strategies de prevention sont calcules en fonction du risque d' exposition 
variant de O a 1 par tranche de 0, 1. 

Les resultats sont que pour un risque d'exposition superieur a 0,2, les ratios Benefice/Cout des 
trois strategies de prevention sont superieurs a 1. 
Pour une probabilite d'exposition superieure ou egale a 0,3, la combinaison d'une protection 
sanitaire renforcee et de la vaccination procure le maximum de protection, d 'ou un maximum 
de profit pour Jes producteurs. Lorsqu'elle est comprise entre O,let 0,3, !'amelioration des 
mesures sanitaires toute seule offre le meilleur retour sur investissement. Elle est done la 
meilleure strategie financiere pour le producteur. 

L'analyse de sensibilite montre pour sa part que l'efficacite de la protection, le cout de 
l'intrant aliment et les consequences financieres de !'infection affectent de maniere non 
negligeable Jes ratios cout-benefice escomptes. 
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CONCLUSION 

En theorie, l 'Analyse Cout-Benefice (ACB) fournit une information sur le benefice absolu des 
programmes, en complement de I 'information sur leur performance relative. Ainsi, I' ACB 
donne une estimation de la valeur des ressources consommees par chaque programme, 
comparee a la valeur des ressources que le programme pourrait epargner ou creer. Cette vision 
de l' ACB suppose implicitement que chaque programme soit compare a une alternative « ne 
rien faire », qui n'occasionne ni cout ni consequence. Cependant, en pratique, les ACB se 
resument souvent a une comparaison des couts et des benefices qui peuvent s'exprimer 
facilement en terme monetaire, et un tres petit nombre d'analyses publiees peuvent pretendre 
a un role plus large. De meme, rares sont les circonstances ou rien n'est fait pour resoudre un 
probleme de sante donne. L'ACE suppose implicitement qu'une telle option n'existe pas, et 
que l'une des options du programme sera retenue sans considerer son benefice net. Bien que 
cette position puisse etre tout a fait realiste pour un decideur, il faut souligner que l 'ACE peut 
amener a choisir un programme qui ne sera pas « rentable ». Implicitement, l 'hypothese est 
que !'output, c'est-a-dire l'effet de sante, « vaut la peine » d'etre obtenu. La seule question 
alors est de determiner la fac;:on la plus efficace de l'obtenir a moindre cout (Drummond M.F. 
et al., 1998). 
D'autre part, ces techniques d'evaluation supposent que les ressources liberees par les 
programmes choisis ne soient pas gaspillees mais utilisees dans d'autres programmes plus 
interessants. Cette hypothese requiert un examen minutieux. En effet, si les ressources 
epargnees sont depensees dans d'autres programmes inefficaces ou non evalues on ne 
realisera pas d' economie. 
Enfin, toute evaluation est intrinsequement une activite couteuse. Aussi I 'analyse cout
benefice est-elle toujours pertinente ? II est raisonnable de penser que !'evaluation 
economique sera des plus utiles dans les cas suivants : les objectifs du programme demandent 
a etre clarifies, les options concurrentes sont de natures differentes, ou les enjeux financiers 
sont importants (Drummond M.F. et al., 1998). 

27 



BIBLIOGRAPHIE 

BEAL V.C.Jr., 1983. L'economie de la sante animale aux Etats-Unis : modelisation 
mathematique des fluctuations zoo-sanitaires. In : Sante animale et economie. Serie technique 
de! 'Office international des epizooties n°3, 317-329. 

BENNETT R.M., 1992. The use of "economic" quantitative modelling techniques in livestock 
health and disease-control decision making : a review. Preventive Veterinary Medicine, 13, 
63-76. 

BIRCH S., DONALDSON C., 1987. Applications of cost-benefit analysis to health care 
departure from welfare economic theory. Journal of Health Economics, 6, 211-225. 

BONNET P. How to appraise the quality of the economic evaluation in Health? Lectures in 
Animal Health Economics given at University of Addis Ababa Faculty of Veterinary 
Medicine, Post graduate Master in Public Veterinary Health : Quality and sanitary aspects of 
Animal production in Ethiopia. February-March 2003, Addis Ababa, Ethiopia. 

BRENT R.J., 1998. Cost-benefit analysis for developing countries. Cheltenham, United 
Kingdom, Edward Elgar, 308 p. 

DETILLEUX J.C., SERTEYN D., 2005. Cost-Effectiveness Analysis in Veterinary 
Medicine : Illustration with packed cell value in the Prognosis of horse surgical colic in 
Belgium. Intern. J Appl. Res. Vet. Med, 3 (4): 309-318. 

DE VOS C.J., SAATKAMP H.W., HUIRNE R.B.M., 2005. Cost-effectiveness of measures to 
prevent classical swine fever introduction into The Netherlands. Preventive Veterinary 
Medicine, 70 : 235 - 256. 

DIJKHUIZEN A.A., 1988. Modelling to support health programs m modern livestock 
farming. Netherlands Journal of Agricultural Science, 36 : 35-42. 

DIJKHUIZEN A.A., HUIRNE R.B.M., JALVINGH A.W., 1995. Economic analysis of 
animal diseases and their control. Preventive Veterinary Medicine, 25 : 13 5-149. 

DRUMMOND M.F., O'BRIEN B.J., STODDART G.L., TORRANCE G.W., 1998. Methodes 
d'evaluation economique des programmes de sante. Paris, France, Economica, 331 p. 

DUCROT C. Approche economique des prophylaxies - Analyse des methodes d'approche de 
!'aspect couts-benefices des maladies faisant l'objet d'un programme officiel de lutte. 
Clermont-Ferrand: Centre d'Ecopathologie Animale, INRA, 1995. 40 p. 

DUCROT C., BOISSELEAU D., 1996. Analyse couts-benefices des prophylaxies : principes, 
methodes et illustrations. Epidemiologie et sante animate, 30: 13-19. 

FAQ (Food and Agriculture Organization of the United Nations), 1990. Cost/benefit analysis 
for animal health programmes in developing countries. In : F AO expert consultation, Rome, 
Italy. Rome, Italy, FAO, 47 p. 

28 



FA YE B., 2001. Economie de la sante animale. Synthese bibliographique, Diplome d'etudes 
superieures specialisees productions animales en regions chaudes, CIRAD - Universite 
Montpellier 2, Montpellier, France, 34 p. 

HALL D.C., KAISER H.M., BLAKE R.W., 1998. Modelling the economics of animal health 
control programs using dynamic programming. Agricultural Systems, 56 (1): 125-144. 

HARRISON S.R., 1996. Cost-Benefit Analysis with Applications to Animal Health 
Programmes : Valuation of Non-Market Costs and Benefits. In : Research Papers and Reports 
in Animal Health Economics, Brisbane, Australia, October 1996. Brisbane, Australia, 
University of Queensland, 18 p. 

JAMES A., 2005. The state of veterinary epidemiology and economics. Preventive Veterinary 
Medicine 67: 91-99. 

LA VAL G., 1999. Les evaluations economiques en sante animale, etat des connaissances et 
application pratique : ]'analyse des couts de la Peripneumonie contagieuse bovine (PPCB) en 
Ethiopie. Memoire de DEA , Universite Claude Bernard - Lyon I, Lyon, France, 98 p. 

LA VAL G., 2002. Analyse cout-benefice des methodes de Jutte contre la PPCB. These doct., 
Universite Claude Bernard- Lyon I, Lyon, France, 261 p. 

LEFEVRE P.C., 2005. Le cout des maladies animates. Cours de Master PARC, CIRAD, 
Montpellier, France. 

McCAULEY E.H., 1990. Methods of analysis of the indirect losses due to general and 
specific animal morbidity and mortality. In : F AO. Expert consultation on cost/benefit 
analysis for animal health programmes in developing countries, 10-14 September 1990. F AO, 
Rome, Italy, n.p. 

MLANGWA J.E.D., SAMUi K.L., 1996. The nature of animal health economics in relation to 
veterinary epidemiology. Revue Scientifique et Technique de L 'Office International des 
Epizooties, 15 (3): 797-812. 

MSELLATI L., 1995. Evaluation economique et prise de decision dans le domaine de la sante 
animale. Epidemiologie et sante animale, 28 : 39-45. 

OTT M.J., CHILONDA P., 2000. Animal Health Economics : an Introduction. Livestock 
Information, Sector Analysis and Policy Branch, Animal Production and Health Division 
(AGA), F AO, Rome, Italy. 
[On line]. [2006/02/28]. 

<URL : http://www.fao.org/ag/againfo/resources/en/publications/agapubs/pprocO l .pdf.>. 

PAULY M.V., 1995. Valuing health care benefits in money terms. In : Sloan F.A. ed. 
Valuing health care. Cambridge, United Kingdom, Cambridge University Press, p. 99-122. 

PERRY B.D., McDERMOTT J., RANDOLPH T., 2001. Can epidemiology and economics 
make a meaningful contribution to national animal-disease control ? Preventive Veterinary 
Medicine, 48: 231-260. 

29 



PUTT S.N.H., SHAW A.P.M., WOODS A.J., TYLER L., JAMES A.D. 1987. Epidemiologie 
et economie veterinaire en Afrique. Manuel a }'usage des planificateurs de la sante animale . 
Manuel n°3. Addis Ababa, Ethiopie, ILCA, 146 p. 

RENKEMA J.A., 1980. Economic aspects of disease in animals, with special reference to the 
assessment of losses. Bulletin de I 'Office International des Epizooties, 92 : 5-6. 

RENKEMA J.A, 1983. Evaluation economique des pertes causes par Jes maladies animales. 
In: Sante animale et economie. Serie technique de !'Office international des epizooties n°3, 
57-74. 

RUSHTON J., THORNTON P.K., OTTE M.J., 1999. Methods of economic impact 
assessment. Revue Scientifique et Technique de L 'Office International des Epizooties, 18 (2) : 
315-342. 

SCHAIK G. VAN, KALIS C.H.J. , BENEDICTUS G., DIJKHUIZEN A.A., HUIRNE 
R.B.M., 1996. Cost-benefit analysis of vaccination against paratuberculosis in dairy cattle. 
Veterinary Record, 139: 624-627. 

SEN S., SHANE S.M., SCHOLL D.T., HUGH-JONES M.E., GILLESPIE J.M., 1998. 
Evaluation of alternative strategies to prevent Newcastle disease in Cambodia. Preventive 
Veterinary Medicine, 35 : 283-295. 

SHAW A.P.M., 1995. Evaluation micro-economique. Analyse d'une action au niveau des 
troupeaux . Epidemiologie et Sante animale, 28 : 27-38. 

TASCHER G., 2003. Economie de la sante animale. In : Lefevre P.C., Blancou J., Chermette 
R. : Principales maladies infectieuses et parasitaires du betail. Europe et regions chaudes. 
Tome 1 : Generalites . Maladies virales. Paris, France, Lavoisier, p. 7-21. 

TASCHER G., LETENNEUR L., 2003 . Manuel d'economie d'elevage en Pays Tropicaux. 
Montpellier, France, CIRAD, 619 p. 

TOMA B., DUFOUR B., SANAA M. , BENET J.J., ELLIS P., MOUTOU F., LOUZA A., 
2001. Epidemiologie appliquee a la lutte collective contre Jes maladies animales 
transmissibles majeures. Maisons-Alfort, France, AEEMA, 571 p. 

WARET A., 2003 . Enjeux et limites de la vaccination du betail en Afrique sub-Saharienne. 
These doct. Vet., ENVT, Toulouse, France, n°4134, 85 p. 

30 
C I R AD - Dist 
UNITE BIBLIOTHEQUE 

saillarguet 



ANNEXES 

Annexe 1: DE VOS C.J., SAATKAMP H.W., HUIRNE R.B.M., 2005. Cost-effectiveness of 
measures to prevent classical swine fever introduction into the Netherlands, Prev. Vet. 
Medicine, 70 : 235-256 

Annexe 2 : DETILLEUX J.C., SERTEYN D., 2005. Cost-Effectiveness Analysis in 
Veterinary Medicine : Illustration with packed cell value in the Prognosis of horse surgical 
colic in Belgium. Intern. J Appl. Res. Vet. Med, 3 ( 4) : 309-318. 

Annexe 3 : VAN SCHAIK G., KALIS C.H.J., BENEDICTUS G., DIJKHUIZEN A.A., 
HUIRNE R.B.M., 1996. Cost-benefit analysis of vaccination against paratuberculosis in dairy 
cattle. Veterinary Record, 139 : 624-627 

Annexe 4: SEN S., SHANE S.M., SCHOLL D.T., HUGH-JONES M.E., GILLESPIE 
J.M., 1998. Evaluation of alternative strategies to prevent Newcastle disease in Cambodia. 
Preventive veterinary Medicine, 35 : 283-295 

31 



ANNEXE 1 

DE VOS CJ., SAATKAMP H.W., HUIRNE R.B.M., 2005. Cost-effectiveness 
of measures to prevent classical swine fever introduction into the Netherlands, 
Prev. Vet. Medicine, 70 : 235-256 

32 



Available online at www.sciencedirecLcom 

&cleNce@DIReCT· PREVENTIVE 
VETERINARY 

MEDICINE 
ELSEVIER Preventive Veterinary Medicine 70 (2005) 235-256 

www.elsevier.com/locate/prc:vellned 

Cost-effectiveness of measures to prevent classical 
swine fever introduction into The Netherlands 

C.J. De Vos*, H.W. Saatkamp, R.B.M. Huime 
Business ~ics. Departmou of Social Sciences, Wagmingen Univemty, Hollandsew~g 1, 

6706 KN Wagmlngoz, The Netherlands 

Received 20 December 2004; accepted 5 April 2005 

Abstract 

Rocent history has demonstrated that classical swine fever (CSP) epidemics can incur high 
economic losses, especially for exporting countries that have densely populated pig areas and apply a 
strategy of non-vaccination, such as The Netherlands. Introduction of CSF virus (CSFV) remains a 
continuing threat to the pig production sector in The Netherlands. Reducing the annual probability of 
CSFV introduction (P CSFV) by preventive measures is therefore of utmost importance. The choice of 
preventive measures depends not only on the achieved reduction of the annual P i::sFv, but also on the 
expenditures required for. implementing these measures .. The objective of this .study was to explore 
the cost-effectiveness of tactical measures aimed at the prevention of CSFV introduction .into The 
Netherlands. For this purpose for each measure (i) model calculations were performed with a scenario 
tree model for CSFV introduction and (ii) its annual cost was estimated. The cost-effectiveness was 
then determined as the. reduction of .the annual PCSFV achieved by each preventive measure (/!,J') 
divided by the annual cost o( implementing that measure (~C). The measures analysed reduce the 
P CSFV caused by import or export of pigs. Results showed that separation of national and intc:mational 
transport of pigs is tbe most cost-effective measure, especially when risk aversion is IISSUIIled. 
Although testing piglets and breeding pigs by a quick and reliable PCR also bad a high cost
effectiveness ratio, this mcasui"e is not attractive due to the high cost per pig imported. Besides, 
implementing such a measure is not allowed under current EU law, as it is trade restrictive. 
© 2005 Elsevier a.v. All rights reserved. 
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1. Introduction 

Since the early 1990s, classical swine fever (CSF) control in the European Union (EU) 
has been based on a strategy of non-vaccination and stamping-out infected herds (CEC, 
2001 ). As a consequence of this policy, the whole EU domestic pig population has become 
fully susceptible to CSF virus (CSFV). This, combined with the existence of areas with 
dense pig populations, has occasionally led to large epidemics incurring high economic 
losses (Vanthemscbe, 1996; Elbers et al., 1999; Edwards et al., 2000; Moennig, 2000). The 
most striking example is a series of epidemics that started al the end of 1996 in Germany 
due to illegal swill feeding. The virus subsequently spread to several regional pig farms and 
presumably from Germany to The Netherlands and then to Spain, Italy and Belgium 
(Elbers et al., 1999). More than 550 confitined outbreaks could be attributed to these 
epidemics (Edwards et al., 2000; Moennig, 2000). The costs of these epidemics (ie., direct 
costs and consequential lo~ to farms and related industries) were estimated at US$ 2.3 
billion for The Netherlands only (Meuwissen et al., 1999). More recently, sporadic 
outbreaks of CSF occurred in the domestic pig populations of Germany, Italy, France, 
Luxembourg, and Spain (OIE, 2004), showing that the introduction of CSF remains a 
continuing threat to the pig production sector in the EU. In addition., CSF is endemic in wild 
boar populations in some areas of Germany, France, and Italy (Laddom.ada. 2000), 
representing a permanent CSFV reservoir. In recent years infected wild boar were also 
found in Austria, aelgium and Luxembourg (Artois et al., 2002; OIE, 2004). 

In reaction to the CSF epidemic of 1997/1998, in The Netherlands much research has 
been dedicated to analysing the spread of the disease and determining the optimum control 
strategy (see, e.g., Jalving et al., 1999; Nielen et al., 1999; Stegeman et al., 1999; Mangen 
et al., 2001, 2002; Klinkenberg et al., 2003). Furthermore, existing regulations have been 
amended to reduce the risk of introduction.onto and spread from primary farms (LNV, 
2004). The emphasis bas thus been on control of the disease and not on preventing its re
introduction into the country. A similar tendency was observed after the foot-and-mouth 
disease (FMD) epidemic in 2001 (Greutink et al., 2002). 

Reducing the annlial probability of contagious animal disease introduction by 
preventive actions is, however, another way to reduce losses incurred by epidemics over the 
long tean. In order to use resoorces optimally for prevention of CSFV introduction, more 
quantitative insight is needed into the factors which contnlmte most to the annual 
probability of CSFV introduction (PCSPV) into The Netherlands. It is, however, impossible 
to acquire this inforination by analysing data from recent CSFV introductions. The 
Netherlands "only" experienced primary CSP outbreaks in 1990, 1992, and 1997 under the 
non-vaccination strategy (Elbers et al, 1999; De Vos et al., 2000). 1be number of 
observations is thus far too low to detertoine the annual PcsFV or draw conclusions about 
the main catising risk factors. Therefore, a scenario tree model was constructed that 
calculates the annual PCSFV into the domestic pig population of The Netherlands and 
provides information on the relative contribution of risk: factors to the annual PCSFV (De 
Vos et al., 2004). Furthermore, it enables 'experimenting' with preventive strategies, which 
is impossible in real life. 

In the present study this model was used to estimate the effectiveness of tactical 
measures for preventing the introduction of CS~ into The Netherlands. For decision-
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makers, however, the cost of implementing these measures is equally important Therefore, 
for each of the measures its cost-effectiveness was determined as the ratio between the 
achieved reduction of the annual PcsFV (Al') and the annual cost of achieving this 
redu.ction (6.C) (Belli et al., 2001). 

The objective of this paper was to describe the cost-effectiveness analysis of tactical 
measures aimed al the prevention of CSFV introduction into The Netherlands and to 
present its main results. 

2. Materials and methods 

2.1. Scenario tree model for CSFVintroduction 

2.1.1. Brief introduction to the model 
A computer model for CSFV introduction was developed to obtain more quantitative 

insight into the main risk factors for CSFV introduction into member states of the EU. 1be 
risk factors were subdivided into two categories: pathways and countries of origin. 
Pathways are . defined as carriers and· mechanisms that can transmit the virus from an 
infected to a susceptible animal. Pathways included in the model are import of pigs 
(subdivided into three subgroups: piglets, breeding pigs, and fattening pigs), import of pmk 
products (subdivided into four subgroups: fresh/chilled, frozen, non-heat-treated, andheat
treated), returning livestock trucks, and contacts with wild boar (subdivided into direct and 
indirect contacts). The countries of origin are the possible sources of CSFV introduction. 
All 15 EU member states were included as such. 1 The model is constructed such that 
calculations can be performed for all EU member states if sufficient information is 
available. In this study model calculations were performed for The Netherlands only. 
Model calculations result in the annual P CSFVt but the user can select more detailed results 
by country of origin or by pathway to analyse the risk factors for CSFV introduction. More 
details on the model can be found in. De Vos et al. (2004). 

The principles of.the scenario pathway approach (Vose, 1997) were used to construct the 
model for CSFV introduction. Using this approach. the sequence of events that would 
ultimately iead to CSFV introduction into the d~estic pig population of The Netherlands 
was determined, starting with the event of a pathway-unit (i.e., unit in which a pathway is 
measured, e.g., a batch of animals; a metric ton of animal products or a returning livestock 
truck) being infected or contaminated with the virus and ending with the event of an 
infective viral dose being transmitted to a susceptible pig in The Nethalands. For each 
pathway in the model these events were ordered in a scenario tree (Miller et al., 1993; 
Sutmoller et al., 2000). Each event in the scenario trees was assigned a probability of 
occwrence. To calculate the PCSFV for a certain pathway, all probabilities along its scenario 
tree were multiplied. Combining the outcome of all scenario tree calculations gave insight 
into the relative contribution of countries of origin and pathways to th~ PCSFV into .Tiie 
Netherlands. · 

1 1lle reacan:h described was camc:d out before the eDlargcment of the EU by 10 new member statca on I May 
2004. 

35 



238 C.J. De lbs et aL/Preventive Veterinary Medicine 70 (2005) 235-256 

The scenario tree model is a stochastic model taking into account the inherent variability 
of CSF epidemics in the countries of origin. Probability distributions were used for the 
input parameters describing these epidemics. Model calculations were iterated using Latin 
hypercube sampling (UIS) (Vose, 2000), resulting in a probability distribution for each 
output parameter. The model was constructed in Microsoft Excel 97 with the add-in 
programme @Risk 4.5.2 {Palisade Corporation, 2002). 

2.1.2. Model adaptations for the present study 
The model used in the present study slightly differs from the previous model version as 

described by De Vos et al. (2004). nrstly, model input Wi1$ updated to represent better the 
current situation in the pig production sector of The Netherlands and the EU. A summary 
hereof is given in Table 1. Secondly, some changes were made that resulted from an 
extensive sensitivity analysis. This analysis indicated that four out of the total oumber of 
257 uncertain input parameters in the scenario tree model had significant impact on the 
ranking of risk factors (De Vos, 2005). To obtain a more precise estimate for the expected 
number of CSP epidemics in Germ.any, Belgium, and the UK the observed period was 
extendedfrom 1990-2001 to 1990-2003 (Table l).Fortheuncertaininputparameterofthe 
probability of CSFY survival in an empty livestock truck travelling a distance of0-900 km 
four experts2 were consulted who recommended setting its probability value at 0.9 for all · 
distance classes. They also recommended increasing the values for the effectiveness of 

, cleansing a:nd disinfection of returning livestock trucks and decreasing the values for the 
sensitivity ofovaall detection of CSFV infection in imported pigs. Values were changed 
accordingly. Besides, the calculations for separate supply and delivery routes at the 
primary farm were improved. 

2.2. Selection of preventive measures 

In principal, the annual P CSFV is determined by the number of pathway-units present and 
the probability of CSFV introduction per pathway-unit The latter depends on (i) either the 
CSF situation in the countries of origin or in the Dutch wild .boar population and.(ii) 
preventive actions taken to detect or inactivate the virus. In this study1he cost-effectiveness 
of implementing additional preventive actions w the present situation was explored. The 
results of the default calculations were used · to make a first selection of preventive 
measures. Then eight experts3 in the field of CSF and/or the Dutch pig production sector 
were asked for their opinion on how feasible and effective the selected measures would be. 
This ultimately resulted in six preventive measures for which the cost-effectiveness 
analysis was perf onned. Most of the selected measures were directed at mitigating the risk 
of returning livestock trucks, as previous model calculations indicated that this pathway 
contributes most to the annual PcsFV into The Netherlands (De Vos et al., 2004). A short 
description of the measures is given in Table 2. 

2 Three experts in epidemiology of CSFV and one expert in virology of CSFY. 
3 The backgroUDd& of thc8e experts were in epidemiological =eh (3), vc:tainary policy (3), and farmers' 

organisations (2). 
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Table 1 
The expected number of CSP cpidcmica per year, total number of pig holdings, export of plga and pork products to The Netherlmds per y~. 1111d livestock truck:s rctuming 
to The Netherlands per year for each country of origin in the scenario tree model for CSPV introduction 

r2 Expected 1b(al number Batches of piglets Batcbea of Batchca of Metric tons of Livestock 
t:, 

number of CSP o(plg exported to breeding piga • fattening plga port prodacts trucks rctuming to " 
cpidemica boldlngsb The Netherlands exported to exported to cuported to The Netherlands ~ ... 
per year" per year The Netherlands The Netherlands The Netherlands per year" ~ 

per year° per ycat' per yeatl ~ 

' Germany 7,86 116000 30 65 587 138769 18890 "' 
Prance 0.43 55000 16 46 11 20048 199 ~ 

g 
Italy 2.36 230000 0 0 0 7164 4003 ~· 
Belgium 0.29 10000 14 24 953 100827 6702 " 
Luxembourg 0.14 500 0 0 0 332 1 I UK 0.21 11000 0 32 0 3673 0 

vJ Ireland 0.07 1000 9 0 41 876 0 -....l 
Denman.: 0.01 13000 13 3 78 12050 0 f Greece 0.07 23000 0 0 0 0 24 
Spain 1.00 69000 0 1 3 10290 3170 a: 

;, 

Portugal 0.07 121000 0 0 0 11 0 " c'l Au&tri.a 0.14 76000 0 0 0 424 14 
~ 

Finland 0.07 4000 0 0 0 120 0 
~ Sweden 0.07 4000 0 0 0 32 0 

• Bucd on period 1990-2003; source: EU (2002) and om (2004). 
N .... 
c,, 

• Data from 2001; source: EU ·(2004), · ~ c Data from 2003; eoun:o: rr,/V (2004a). 
d Data from 2003; source: Statistiai Net.berlancb (2004). 
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Table 2 
Overview of tactlc.al measures aimed at preventing the introduction of CSFV into The Netherlands 

Abbreviation Preventive measure Brief description 

LT_C&D 

LT..)l&I 

LT_CONT 

PF_S&D 

SL..LOO 

IMP_TEST 

Cleansing and disinfection of 
all rcturuing livCotock trucks 

Separation of national and 
intcmatioD&l transport of pigs 

Livcstodc tlucks with 
detachable coolainto 

Separate supply and delivery 
routes on primary f:arms 

Logistic 5Upply of fattening 
pigs at slaugh!.emouscs 

Testing piglets and breeding 
pigs by a quid. and reliable PCR 

Ail livestock trucks are cleaned and disinfected 
at a listed washing point when IffllIDing 
toTheN~ds 
Disinfection by certified washing point personnel 
LiYe&tock trucb are DSCd for either national 
CIC inteinationaJ. transports only 
& a consequence, all batches of pip for export 
are ttansf=-ed to an iulr:mational livestock truck 
al assembly points f'ar export 
LiYCSt.oct trod: brings empty COIIWDCl to primmy f:arm 
Fm:mer loads container with pigs 
I...ivmock IJ1Jck rctunis to pick up full container 
Physical bmrier between 'clean' part of enterprise 
and transport routes 
Paved transport rout.ea 
Only admitlllnce to 'clean' part of entciptise by 
hygiene channel 
No admittance of vchx:les at 'clean' part of emerprise 
F'im supply of Dutch fattening pigs. then sopply 
of imported fattening pigs 
No physical coutacts between Dutch and imported 
pigs, also not in the la.irage 
Additional cleaning and disinfection of slaughter 
line and lairage after supply of imported pigs 
All piga in a batch tested 
Test results known within 24 b 

2.3. Cost-effectiveness of preventive measures 

2.3.1. Calculation of effectiveness . 
The scenario trees of the pathways at which the preventive measures are directed are 

given in Fig. 1. The events at which the preventive measures intervene are indicated. The 
values of these input parameters of the scenario tree · model were adjusted to mimic the 
effect of the preventive measures. Four experts4 were consulted to deteanine the new 
values for these parameters. If no substantiated new value could be determined, values 
were either doubled or halved. In Table 3 an overview of default and new values is given. 

The scenario tree model was run for the defanlt scenario and for each preventive 
measure. The output variables selected were (i) the annual P csFV into The Netherlands, (ii) 
the relative contribution of pathways to the annual PC3FV, and (iii) the PCSFV from each 
country of origin per epidemic and peJ" year. ModeJ .calculatioilS were iterated 2500 times 
and hence did not return a single value for the annual PC3FV bot rather a··probability 
distribution ( see also Section 2.1.1 ). Comparing the cumulative distribution function ( cdf) 
for the annual PCSFV of the default scenario and thc·scenarios with preventive measures 

• Three experts in epidemiology of CSFV and one expert i.o virology of CSFY. 
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Tobie 3 
Values of model input parametern for calculating effectiveness of measures aimed at preventing the introduction of 
CSFV into The Netherlands 

Preventive Pathway 
measure 

LT_C&D Rdnrni.ng 
livcstoclc trucks 

LT...,N&I Returning 
livestock trucks 

LT_CONT R.ctnmiJlg 
livestock trocks 

PF_S&D4 Returning 
livestock track.s 

SL_LOG" Import of 
fatteaing pigs 

IMP_TEST Import of piglets 

IMP_TEST Import of 
breeding pigs 

EFF1e HRP: 0.25 

CSA0 

CSA0 

CSA0 

ID 

SF.., 

SE., 

PostHRP: 0.9 
0.5 X Risl:Disc:rete 
(0.05, 0.75: 0.39, (1-0.39)) 
0.5 • Ris1:Discrete 
(0.05, 0.75; 0.39, (1-0.39)) 
0.5 X RislDi=tc 
(0.05, 0.75; 0.39, (l-0.39)) 
HRP: 0.1 

PostHRP: 0.05 
HRP: 0 
PostHRP: 05 
HRP: 0 

PostHRP: 0.8 

• See scenario IIces of Fig. l for an explanation of parameter meaning. 

New valucb 

HRP: 0.9 

PostHRP: 0.99 
0.01 X RistDisacte 

(0.05, 0.75; 039, (1-0.39)) 
0.5 x RiskDiscrete 
(0.025, 0.75; 0.9, (1-0.9)) 
0.5 X Rw:Di=te 
(0.05, 0.75; 0.78, (1-0.78)) 

HRP: 0.05 

PostHRP: 0.025 
HRP: 0.9 
PostHRP: 0.99 
HRP: 0.9 

PostHRP: 0.99 

b HRP: high risk period, i.e., the period from first infection with virus until first detection of disease; PostHRP: 
r period from first detection of disease until eradication of disease. 

c The paramdz7 CSA i.! ca1culated by multiplying the proportion of returning livestock 1rod:s coming into 
contact with primary farms by a RislDiscrete distribution that calculates the probability that a conlllminated 

livestock truck comes into coutact with susccptiole animals at the primary farm. This RiskDiscrete distribution i.& 
defined as RistDi.screte (probability that contaminated livestnck track co= into contact with soscepoble animals 
if separate 6UJ)Ply and delivay routes, probability that contami!lated livestock truck comes into contact with 
suscepbbl.e BDimaJs if oo separate supply and delivery routes; proportion of farms with separate supply and 
delivery routes (1 - proportion of farms with separ1l1C supply and delivay routes)). 

4 For these measure& parameter values were cithe. doubled or halved. For all other measures parameta- values 
are based on expert opinion. 

gives clear insight into the effectiveness of the measures. To determine the cost
effectiveness of the preventive measures, however, the effectiveness of the measures had to 
be expressed by a single value. As the uncertainty distribution of the annual P csFV appeared 
to be rather skewed (long right tail), the median and 0.95 percentile values of the annual 
PcsFV were used to calculate the achieved reduction of the annual PcsFV (b.Po.so and 
llPo.95). 

2.3.2. Calculation of annual costs 
Implementing the selected preventive measures results in extra costs due to investments 

and labour. For each preventive measure an estimate was made of the extra annual cost in 
comparison with the current situation. 1be annual investment cost was calculated using the 
annuity method (Van den Tempel and Giessen, 1992). For investments in livestock trucks 
the depreciation rate was set at I 0%, whereas for investments at the primary farm the 
depreciation rate was set at 6.7%. For all investments maintenance cost was set at 1 %, and 
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Fig. 1. Scenario trees for the pathways rctumlog livestock trucka (a), import of batch of fattening pig, (b), and import o! batch of breeding pip or batch of piglets (c) . 
Delcrlption of parameten used .in the sccoario txeea: INF _FA: probability that a livestock truclc visits an Infected farm .in the country of orlgin; CONT: probability that a 
llveatoclc b:uck ~ contaminated with CSPV when visiting an infected farm; EPF00: ofl'ectlvity of clo111111iDg and dwnf'cction of livestock trucks In the country of origin; 
SURV: probability that CSFV survives in an empty livestock truck that travola from the country of origin to the target country (hen,: 'Ibc·Nctherlands): EFF11: etfeetivity of 
cleansing and dlelnfecdoo ofllvcatock trucks in Uie target country (bcrc: The Netherlands); CSA: probability that a livestock truclc come., .into contact with susceptible pigs 
in the tarEet country (here: The Netherlands); IDi probability that in infective doac la tnmsmitted to a susceptible pig; CI: cumulative lneldoncc of the d!seaae at herd level 
during a CSP opldemlc in the country of origin; Sfl.o: sensitivity of overall deteedon o! CSP in the country o! orlgin when pip ~ citportcd; SEt0 : acositivlty of overall 
detccdon of CSP In the target country (here: The Netherlands) when pigs are imported. 
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interest rate at 6%. Furthermore, variable costs for extra livestock trucks (insurance, fuel, 
etc.) were set at 4% of the initial cost. An overview of the annual cost of each preventive 
measure is given in Table 4. 1bis table also displays the main assumptions and data sources 
used for the calculations. As there is wide diversity among pig farms, pig transporters, and 
slaughterhouses with regard to, for example, size, investments already made, working 
methods, etc., the annual costs calculated for the preventive measures are only a rough 
estimate. Because of the uncertainties involved in the cost calculations, a sensitivity 
analysis was peaonned to test the robustness of the conclusions. In this sensitivity analysis 
the annual cost of each preventive measure was increased and decreased by 25%. 

2.3.3. Caladation of cost-effectivenus 
To calculate the cost-effectiveness of the preventive measures the reduction of the 

annual Pcsrrv achieved by each preventive measure (llP) was divided by the annual cost 
required to iniplementthat measure (LiC). The cost-effectiveness ratios were calculated for 
both the median and 0.95 percentile values of the annual PcsPi- In formulae: 

CF.o.so = Mo$.)/ llC 

CF.o.95 = Mo.95/ llC 

3. Results 

3.1. Probability of CSFV introduction into The Netherlands 

3.1.1. Default scenario 

(1) 

(2) 

Default calculations with the scenario tree model for CSFV introduction show that the 
annual PcsFV into The Netherlands varies between 6.2 x 10-4 (minimum) and 3.5 x 10-1 

(maximum). These differences are mainly due to yearly, changes in the occurrence and 
course of CSF epidemics in the countries of origin. In 'years with few and small CSF 
epidemics in the countries of origin, the probal>ility is at its Iiiiniri11im level and in years 
with many and large CSP epidemics in the countries of origin; die probability is at its 
maximum level. The median value for the annual Pcsw into The Nctheriands is 0.0246, 
indicating that for 50% of the years the annual P CSFV will be rower· than this value. The 0.95 
percentile is 0.1279, indicating that- if the current sitnation reiruiliied the same~ then the · 
annual Pc.sFV would only exceeded 12.8% for five years in. every century. The mean value 
for the amiual Pc.sFV is · 0.0398, indicating that The Netherlands . cari expect CSFV 
introduction on average once every 25 years from the pathways ilnd countries of origin 
included in the model. 

Fig. 2 gives insight into the main countries of origin contnbuting to the annual PcsFV 
into The Netherlands. Both the average probability per epidemic and the average 
probability per year are shown. For some countries . of origin, i.e., Portugal, Austria, 
Fmland, and Sweden, the probability that they cause CSFV introduction into The 
Netherlands is very small (probability per epidemic <5.0 x 10-6) and could not therefore 
be displayed in the figure. Germany, Belgium; and Spain are the countries of origin that 
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Table 4 
Overview of annual cost of meason:s aimed at ~eIJting the introduction of CSPV into The Netherlands, main 
assumptions and sources of information used' 

Preventive 
measure 

AmmaJ. cost Assumptions 
(million€) 

LT_C&D 8.46 

LT....N&I 4.94 

LT_COITT 24.82 

PF_S&D 9.47 

SL_LOO S.70 

lMP_TEST 0.84 

144 listed washing places need 1 additional employee 
at € 43 900 per year 
20 542 retuming livcatock trucks to be cleaned 
BDd di.sinfccted ~ returning to 
The Netherlands at € 2S per livestock truck 
17 extra livestock truck9 m: uecded to export 
the same number of pigs at € 39 962 per year for 
um:stmeut BDd € 55 200 per year for wages 
of driver 
46 extra livestock trucks arc ileedcd to export the 
same number of pigii at € 39 962 per ycac for 
invcstmc:nt BDd € S5 200 per year fur wages 
of driver 
22 112 liveotocl: trucks need extra cleaning 
and disinfection at € 2S per livestock truck 
1400 livestock truclcs arc replaced by a more 
apc:nsive livestock truck with detachable 
container at € 8364 per 
year fur extra investment 
127 extra livestock truclcs m: needed to export the 

aamc number of pigs BI € 48 326 per year 
for iIIvcstmcnt and € SS 200 per year 
for wages of driver 
80% of pig farms already have scparare supply 
and delivery routes 
20% of 111S umhipliec farms have to build two 
hygiene channels . and to paw an area of 700 m2 

at€ 5219 per year for .invemnem 
20% of 3798 fanow-to-finish farms havt to bnild two 
hygiene channels and to pave an mca. of 700 m2 

at € 4383 per year for investment 
20% of 6778 finishing farms have to build two 
hygiene channels and to pave an BICA of 700 m1 

at € 3S47 per year for investment 
14 616 OOO pigs slaughtered at € 0 per pig 
fur logistic suppl/ 
14 616 OOO pigs slaughtered at € 0.39 per pig 
for additional cleaning at the end of the day 
Blood samples collected for 254 batches of pig, 
at€ 85 per batch (fixed costs) and€ 5.67 
per pig (variable com) . 
17 640 pig3 tested at € 27 per leSt 

2.5 extra livestock trucb arc needed to import the 
same number of pigs at € 39 962 per year for 
investment and € 55 200 per year fur wage11 of driver 

Scenario tree model 
calculat:ious; DiJkstra 
(1995), Lambooij 
(2002), KWIN (2003), 
and RVV (2004a, 2004b) 

DiJbtra (1995), 
Lambooij (2002). 
Meuwissen d al. .(2002) 
and I{l{V (2004a) 

Di;l:stra (1995). 
lpcma e:t aL C2002) 
and Lambooij (2002) 

KWIN (2003) 
and PVE (2003) 

PYE (2003), 
Vii.II dcr Gaag (2004) 
arid Van der 
Gaag et al (2004) 
Dijbtra {1995}, 
Lambooij (2002), 
RVV (2004a), and 
w L.A. Loeffal 
(penonal 
COlJIDJUDicatio) 

• More detailed infunnatioo on the calailation of costJ is available on request from the first authot. 
b Cost of logistic supply was not cak:ulatc:d due to lack of i.afonnation ou input variablc3.. 
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Fig. 2. Probability of CSFV introduction iJJto The Netherlands from each country of origin in the model (all EU 
membe. Sllltes ), both per epidemic in the country of origin and per year. 

contribute most to the annual PcsFV into The Neiherlands. The PcsFV into The Netherlands 
during a single epidemic in Germany is Iilnch lower than the annual probability, which is 
explained by the high nwnber of expected epiden:iicsper year in Germany (see Table 1). 
For Spain the expected number of epidemics is exactly 1 per year, which results in a 
probability per epiden:iic equal to the probability pet year. For all· other countries of origin 
the expected number of epiden:iics per year is less than 1, which explains that the 
probability per year is smaller than the probability per epidemic for those countries. The 
probability per epidemic is highest for Belgi~ indicating that The Netherlands is most at 
risk for CSFV introduction-if CSFV is present in this country of origin. During an epidemic 
in Ireland the P csFV into The Netherlandsis also quite high. This is explained by the small 
number of pig farms in Ireland (see Tobie 1), resulting in a relatively high probability that · 
batches of pigs imported into The Netherlailds originate from an infected farm. 

The model calculations also provide insight into. ihe relative coiltribotfoii of pathways to 
the annual PcsFV into The Netherlands. On average, returning livestock trucks contribute 
most to Pcsriv with 50.1%. This is mainly due to the large number of pathway-units 
present The Netherlands is a major exporter of pigs (9.31 x 106 pigs exported versus 
3.11 x 1 OS pigs imported in 2003 ). Import of fattening pigs contributes next with 22.2%. 
Although the majority of imported pigs consists of fattening pigs (94% in 2003), these 
contribute only slightly more than pigs imported for life (breeding pigs 13.8% and piglets 
7 .2% ). This is explained by the PcsFV per pathwily-onit, which is highest foripigs imported 
for life. Import of pork products contributes c,ruy 6:6%, and this can be attributed to 96% to 
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the import of fresh/chilled and frozen pork products. Direct and indirect contact with wild 
boar did not contribute to the annual P CSFV into The Netherlands, as it is very unlikely that 
CSF infections occurred in Dutch wild boar populations in recent years. Serological 
surveys of Dutch wild boar shot during the hunting season from 1996 onwards did not 
result in any positive tests (Elbers and Dekkers, 2000; A.R.W. Elbers, personal 
communication). 

3.1.2. Effect of pll!Ventive measures 
Table 5 shows the mean. median. 0.95 percentile, and maximum values of the annual 

P csFV into The Netherlands for all scenarios. In Fig. 3 the cdf for the annual P CSFV into The 
Netherlands is shown for the default scenario and when each of the preventive measures is 
applied. It is evident that the PcsFV is highest for the default scenario, i.e., when no 
additional preventive measures are applied. Separation of national . and international 
transport of pigs (LT_N&I) appears to be most effective in redricing the annual PCSFV
Cleansing and disinfection of all returning livestock trucks (LT"""C&D) and livestock trucks 
with detachable containers (LT_CONT) · are equally effective up till about the 0.85 
percentile, but differ in their effectivity with regard ·to worst-case situations. Applying 
LT_CONT, the maximnm PCSFV is 0.2476, .whereas applying LT.:_C&D the maximum 
PcsFV is only 0.1394. Comparing these values to the maximum PCSFV in the default 
scenario, which is 0.3533, it can be concluded that LT_C&D is more effective than 
LT_CONT. A logistic supply of fattening pigs at slaughtemouses (SL_LOG) and testing 
piglets and breeding pigs by a quick and reliable PCR (polymerase chain reaction) 
(™P _TESn are equally effective and attain only a small reduction in PCSFV compared 
with the default scenario. 

Fig. 4 shows the average aruiual P csFli into The Netherlands from the COUiit:ries of origin 
contnbuting most to the annual PcsFV, Le .. Germany, Belgium, andSpain; CT_N&I is the 
most effective measure for these countries of . origin. For Belgium, the difference in 
effectiveness of the measures is, however, not as big as for the aimuai PCSFV into The 
Netherlands, whereas for Spain the differences are even more emphasised.11ris is because 
the pathway returning livestock trucks is the main contribµtor to the annwil probability of 
CSFV introduction from Spain (98% ), whereas for Belgium the import of fattening pigs has 
a relatively large share in the annual P csiiv (52% ). The absolute reduction of the annual 
PcsFV by applying preventive measures is highest for Germany. Directing preventive 

Table 5 
Mean, median, 0.95 perccrrtile. and maximum values of the annual probability of CSFV illtroduction into The 
Netherlands for the default sccmrio and when applying six different meaSDll:S aimed at preventing · the 

introduction of CSFV into The Netherlands 

Plevcntivc measure Mean Median 

Dcfanh 0.0398 0.0246 
LT_C&D 0.0174 O.OI2S 
LT.Jf&l 0.0144 0.0102 
LT_CONT 0.0191 0.11120 
PF_S&D 0.0250 0.0150 
SIJ,00 0.0366 0.0216 
IMP TFST 0.0353 0.0200 
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0.95 Percentile 

0.1279 
0.0502 
0.04li 
0.0566 
0.0826 
0.1224 
0.1204 

Maximum 

0.3533 
0.1394 
0.1082 
0.2476 
0.2476 
0.3363 
0.3353 
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Fig. 3. Ommlativc distn'bution fuuctioa of the annual probability of CSFV i.ntrodactiori. into The Ncthcrlaads for 
the default scenario and when applying six diffi=ut measures aimed at preventing the introduction of CSFV into 
the c:ouutty. 

measures at this country of origin alone results in a reduction in the annual PCSFV into The 
Netherlands of about 55% (SL_LOG) up to about 80% (LT_C&D. LT.;...N&I, LT_CONT, 
and PF _S&D) of the reduction achieved when directing preventive measures at all 
countries of origin. 

Fig. 5 shows the relative contribution of pathways to the annual PcsFV into The 
Netherlands for the default scenario and when each of the preventive measures is applied. 
The shifts in relative importance are as expected: applying LT_c&D, LT:...N&I, LT_CONT, 
and PF _S&D reduces the relative importance of returnin_g livestock trucks, applying 
SL_LOG reduces the relative importance of import of fattening pigs, whereas applying 
IMP_ TEST reduces the relative importance of import of breeding pigs and piglets. Again it 
is clearly shown thai LT_N&I is most effective: the relative importance of returning 
livestock trucks is reduced from 50% in the default scenario to ooly 5% when applying this 
measure. Although applying IMP _TESTresolts in only a slight reduction of the annual 
P csFV, it almost eliminates the risk constituted by the import of breeding pigs and piglets. 
Therefore. it can be concluded that IMP _TEST is a very effective measure in itself, but 
contributes only slightly to the reduction of the annual PCSFV into The Netherlands, as 
imports of breeding pigs and piglets are small (see Table 1). 

3.2. Cost-effectiveness of preventive measures 

Fig. 6 shows a scatter plot with for each preventive measure, its annual cost (.1C) at the 
x-axis, and the achieved reduction of the median annual P~ (APo.so) at the y-axis. From 
this graph it is evident that only LT_N&I and IMP _TEST are cost-efficient. i.e., 
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Table 6 
Cost-effectiveness ratios for six different measores aimed at preventing the introduction of CSFV iurD TIie 
Netherlands 

Preventive mca.sure 

LT_C&D 
LT..l'l&I 
LT_CONT 
PF_S&D 
SL....LOG 
IMP_TEST 

Achieved reduction 
of the 111111oal. PCSFV 

t:,.pa.51J t./'095 

0.0121 0.0777 
0.0144 0.0867 
0.0125 0.0713 
0.0096 0.0453 
0.0029 0.0054 
0.0046 0.0075 

Annual cost (million €) Cost-effectiveness 
ratio (€-1 x 10-1°) 

/1.C CF.o.,o CF-ci.!n 
8.46 14 92 
4.94 29 176 

24.82 s 29 
9.47 10 48 
5.70 5 9 
0.84 S4 89 

implementing the other preventive measures brings higher annual cost whereas the 
achieved reduction of the annual PCSFV is equal or less. faTuble 6 the cost-effectiveness 
ratios of the preventive measmes are given. These values indicate.that IMP _TEST is most 
cost-effective in reducing the annual P csr:v into The Netherlands when considering median 
values. For 0:95 percentile values, however, LT_N&I is by far the uiost cost-effective 
measure. SL_LOG is the least cost-effective for both outpat values used. The sensitivity 
analysis of the annual cost of preventive measures by increasing and decreasing values by 
25% showed that the results of the cost-effectiveness analysis were. robust 1be absoiute 
values of the cost-effectiveness ratios changed, but the ranking of measures based on these 
values did not change. 

4. Discusgoo 

4.1. Probability of CSFV introduction into The Netherlands 

In Section 3.1.1 a clear overview was presented of the pathways and countries of origin 
contributing most to the annual PCSFV into The Netherlands in the current situation. These 
model . resalts were used to select tactical measures aimed at prevention of CSFV 
introduction. The effectiveness of these measures was calculated as the achieved reduction 
of the annual PcsPV into The Netherlands (AP). For a comparative study like this. the 
annual P CSFV was an adequate model output parameter, although its absolute value in the 
default scenario is quite low when compared with expert estimates (Horst et al., 1998; 
Meowissen et al., 2000) and recent history (Elbers et al., 1999; De Vos et al., 2000). The 
model most probably underestimates the annual PcsFV as not all pathways contributing to 
the PcsFV were included in the model, nor were third countries (~ De Vos et al., 2004). 

Preventive measures directed at the pig transport sector (i.e., LT_c&D, LT...N&I. and 
LT_CON'I}were most effective in reducing the annual PcsFV into The Netherlands. These 
measures reduce the contribution of retmning livestock trucks to the annual PCSFV. 
Although separate supply and delivery routes Oil primary farms (PF _S&D) also affect the 
probability that CSFV is introduced by returning livestock trucks, this measure was less 
effective. A logistic sopply of fattening pigs at slaughterhouses (SL_LOG) was as effective 
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as testing piglets and breeding pigs by a quick and reliable PCR (IMP _TEST). The total 
number of batches of fattening pigs imported in 2003 was, however, much higher than the 
total number of batches of breeding pigs and piglets imported (Table 1). The effectivity per 
pathway-unit was thus higher for IMP _TEST. This is also illustrated in Fig. 5: SL_LOG 
reduced the relative contribution of the pathway import offattening pigs from 22% to 13%, 
whereas IMP _TEST reduced the relative contnbution of the pathways import of breeding 
pigs and import of piglets from 14% to 2%, and from 7% to 1 %, respectively. SL_LOG and 
IMP _TESTwill continue to be less effective than the other preventive measures, as Jong as 
The Netherlands is a major exporter of pigs, and imports of pigs are only marginal 
compared to exports. It should be kept .in mind, however, that the conclusions of this study 
are based on the current situation. Shifts in trade patterns - either pathways or countries of 
origin; or both- might lead to different conclusions with regard to the effectiveness of the 
preventive measures. 

4.2. Cost-effectiveness of preventive measures 

Based on effectiveness only, LT_CONTwas quite a promising preventive measure (see 
Fig. 3). Its cost-effectiveness ratio is, however, quite low as implementing this measure 
incurs high annual cost (Table 6). On the comrary, IMP...;..TEST only attained a small 
reduction of the BDmlal P CSFV but had a high cost-effectiveness ratio due to its low annual 
cost. This is due to the small number of pigs imported for life by The Netherlands (17 640 
pigs in 2003). In terms of cost per pig this measure is thus very expensive and despite its 
high cost-effectiveness ratio not attractive unless heavily subsidised. This illustrates that 
although the cost-effectiveness ratio .provides good insight into the reduction in the annual 
Pc.sFV gained per Euro invested, one should not focus only on cost-effectiveness ratios 
when· deciding on preventive measures. 

Sensitivity analysis of the annual cost of preventive measures demonstrated that the 
outcome of the cost-effectiveness analysis was robust, despite uncertainties involved in the 
cost calculations. This was not surprising given the large differences between the highest 
and lowest cost.:effectiveness ratios (~ Table 6). For :median values, LT_N&I .and 
IMP _JEST had much higher cost-effectiveness ratios than all otha measures, whereas for 
the 0.95 percentile values LT_N&I was by far the most cost-effective measure. SL_LOG 
was the least ~-effective for both cost-effectiveness ratios and might even be less cost
effective in reality, as the costs of logistic supply were set at €0 per pig due to lack of 
information (see Table 4). 

The cost-effectiveness ratios based on the medum annual PcsFV assume risk neutrality. 
Risk-averse decision makers will tend to i:educe especially the risk of a high annual PCSFV
The cost-effectiveness ratios based on the 0.95 percentiles of the annual PcsFV indicate 
which preventive measures are most cost-effective in reducing the PcsFV in "bad years", 
i.e., in years with many large CSF epidemics in the EU. The calculations showed that under 
a risk-averse policy LT __ N&I is by far the most cost-effective measure and that than 
LT_C&D is preferred over IMP_TEST. 

For the 0.95 percentile values of the annual PCSFV. the cost-effectiveness ratios of 
LT __ C&D and IMP_TEST are almost equal. In such a case other criteria are needed to 
decide which preventive measure is preferred. If the ultimate goal of the preventive actions 
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is to maximally reduce the annual PcsFV, the effectiveness expressed as !iP is the most 
important parameter and LT_C&D will be preferred. In case there is a fixed budget that can 
be spent on prevention of CSFV introduction. the annual cost (liC) of implementing the 
measures is the most important parameter. Then the preventive measure with the highest 
cost-effectiveness that fits in the budget will be preferred. 

4.3. Selection of preventive measures 

Preventive actions can either be directed at the number of pathway-units or at the 
probability of CSFV introduction pee pathway-uniL Reducing the number of pathway-units 
can, however, not be attained by regulations imposed by policymak:ers. Intra-EU trade of 
pigs and pork products is no longec hampered by national borders since the establishment 
of the free internal market in 1993 (Anonymous, 1993). And even imports from outside the 
EU, . although small, can only be prohibited on the basis of sanitary or phytosanitruy 
arguments, ie., if there is a proved risk that such imports pose a threat to human or animal 
health (WTO, 1995). Therefore, only the cost-effectiveness of preventive measures aimed 
at reducing the probability of CSFV introdnction per pathway-unit was considered in this · 
study. 

Under carrent EU law testing imported piglets and breeding pigs by a quick and reliable 
PCR is not allowed either. Nevertheless, this preventive measure was included in the cost
effectiveness analysis to investigate if it is worth considering when the goal is to reduce the 
annual PcsFV into The Netbcrlands. Results showed that despite a high cost-effectiveness 
ratio this measure is not · attractive dne to its high costs per imported pig. Besides, 
implementing this measure canses difficulties. To prevent CSFV introduction the pigs 
should be tested at the bordec and remain in the lorries until test results are known (i.e., for a 
maximum peciod of 24 h). 'With regard to animal welfare it would, however, be better to 
test the pigs at the farm in the coontry of origin before issuing the health certificate. 

No preventive actions were directed at the pathways concerning the import of pork: 
products and contacts with wild boar. In the scenario tree model, imported pork products 
can only result in a CSF infection ofsasceptible pigs if fed as swill Although feeding of 
swill is fOibidden in the EU (CEC, 2001), the modelr contains a small probability of 
infection · by swill · feed.mg to . account for illegal practices. The contribution of imported 
pork products to the annual PCSFV into The Netherlands is thus due to illegal swill feeding 
only and therefore it was · impossible to direct preventive measures at these pathways. 
Measures to prevent CSFV introduction by direct or indirect contact with wild boar might 
be very effective if CSFV is present in lhe wild boar population. Previons model 
calculations showed that a 10% seroprevalence for CSFV in the Dutch wild boar population 
would increase the annual PCSFV into The Netherlands by about 60% (De Vos et al., 2004). 
In the default scenario these pathways did not however contribute to the annual PCSFV into 
The Netherlands. as the Dutch wild boar population is currently free of CSFY. Therefore, it 
was impossible to calculate the effectiveness of measures directed at these pathways. 

A more extensive analysis of the cost-effectiveness of the selected preventive measures 
was not possi'ble due especially to the lack of information on the costs of measures. 
hnp]ementing packages of preventive measures might. however, lead to different cost
effectiveness ratios, especially if the measures in a package intervene at the same pathway. 
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Targeting a preventive measure at only one or a few countries of origin might achieve 
almost the same reduction of the annual PcsFV at reduced cost The default calculations 
showed that Germany contributed most to the annual P csw- Targeting preventive measures 
only at this country of origin w()\l}d thus result in a considerable reduction of the annual 
PcsFV- This is, however; only possible for LT_C&D, LT_N&I, and IMP _TEST. 
Implementing the other preventive measures is only possible for all countries of origin 
simultaneously. Another option for reducing. the expenses of preventive measures is to 
implement them only when it is known that CSFV is present in the country of origin, i.e., 
during the PostHRP.5 For most countries of origin the probability of CSFV introduction is, 
however, highest dtnirig the HRP of an epidemic. The effectiveness of preventive measures 
will thus also be greatly reduced when applied onJy during the PostHRP. 

In this study only preventive actions directed at the pathways included in the scenario 
tree model could be analysed. Alth()ugh the scenario tree model most probably contains 
those pathways contributing most to the annual PcsFV (De Vos et al., 2004), other pathways 
such as tourists, illegal imports, and laboratories working with CSFV can also lead to 
CSFV introduction. Toe relative importance of these pathways will increase if one or more 
of the preventive measures of this study are implemented. More insight into the underlying · 
mechanisms ofCSFVintroduction by pathways not included in the model is then required 
to further reduce the .annual Pcsr:v-

. 5. Concluding remarks 

The aim of this paper was to explore the cost-effectiveness of tactical measures aimed at 
prevention of CSFV introduction into The Netherlands. The results showed that, for cost
effectiveness, sep~on of national and international transport of pigs (LT_.N&I) should 
be preferred. The logistic supply of fattening pigs at slaughterhouses · (SL.LOG), on the 
contrary, is not worth the expense, given both its low effectiveness and low cost
effectiveness ratio. The sensitivity analysis confirmed the robustness of these conclusions. 
However, cost-effectiveness is not the only criterion when implementing a preventive 
measure. For a conscious decisio~ the following isrues should also be taken into account 

(a) Ease of implementation of the measure, e.g., are small or large investments required, 
can a measure easily be introduced in the CWTent situation or are significant 
adaptations required in farm management or the pig transport sector? 

(b) Allocation of costs and benefits over different actors, such as primary producers, pig 
transport sector, slaughterhouses, government, and consumers, i.e., who pays and who 
gains? LT_C&D, LT..:.N&I and LT_CONT mainly incur costs for the pig transport 
sector, PF.:..s&i) and IMP_TEST for primary producers, and SL...LOG for slaughter
houses. Although IMP_ TEST has a high cost-effectiveness ratio, this measure is far too 
expensive for primary producers. Such a measure can only be implemented when 

' HRP: high risk period, i.e., the period from li.tst infection with viros until first detection of disease; PostHRP: 
period from tint detection of disease until c:radication of disease. 
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subsidised. Besides, costs of preventive measures carried out by, for example, the pig 
transport sector can be partly transferred to primary producers. 

(c) Cost-benefit ratio, ie., is the measure worth its cost anyhow? A rough estimate of the 
monetary benefits of measures aimed at the prevention of CSFV introduction was 
obtained by multiplying the achieved reduction of the annual P csFV by the average cost 
of a CSF epidemic for The Netherlands (VWA. 2003). This indicated that the annual 
cost of preventive measures was higher than the expected annual benefits. However, 
the annual benefits of the preventive measures are most likely largely underestimated 
for two reasons. Firstly, calculation of benefits was based on the direct cost of an 
epidemic only, ie., cost of controlling the epidemic. Indirect losses due to business 
standstill and especially export bans are in general much higher than the control cost of 
an epidemic (Mangen. 2002). Secondly, the annual P csFV calculated by the model is 
small when compared with recent history and expert estimates. This might result in an 
underestimation· of the redaction in the annual P CSFV by the measures. 

( cl) Attnoutable cost, ie., should all cost of implementing a measure be recovered by the 
reduction of the ailliual PCSFV or can side-effci;ts be expected resulting in additional 
benefits? All measures descnl>ed in this study, except IMP _TEST, will also reduce the 
probability of introduction of other contagious pig diseases, such as FMD and African 
swine fever (ASF). Furthermore, LT_CONf and PF _S&D also reduce possible spread 
mechanisms during epidemics of contagious pig diseases. It was, however, impossible 
to quantify these reductions of disease introduction and spread and the accompanying 
benefits. 

Acknowledgements 

We thank all experts consulted on relevant measures to prevent CSFV introduction into 
The Netherlands for their helpful comments. We thank A.R. W. Elbers (CIDC-Lelystad), 
E.G.M van Klink {EC-LNV), M Nielen (Faculty of( Veterinary Medicine, Utrecht 
University); and W.LA. Loeffen (CIDC-Lelystad) foe their comments on input parameters 
for the scenario tree model. We thank the officials of the RVV for supplying data from the 
Animal Movement system (ANIMO). The first author acknowledges financial support 
from the EU Research Project FAIR5-PL97-3566 funded by the European Union. 

References 

Anonymous, 1993. The F.C single mmet- new 6ttalegy in the field of animal and plant health. Report VU1526/ 
92-EN-Rcv.3. Commission of lbe European Communities, Directorate-General for Agricuiturc, Brussels. 

Artois, M., Depoer, K.R., Oiibcm, V., Han, J .• Rossi, S., Rutili, D .• 2002. Classical swine fever (bog cholen) in 
wild boar in Europe. Rev. Sci. 'Thch. Off. Jnt. Epiz. 21 (2), 287~303. 

Belli, P., And=on, J.R., Bariwm; H.N., Dixon, 1.A., Tan, 1.-P., 2001. Economic Ana]y1.is of Investment 
Operations Analytical Toob and Practical Applications. Wodd Bank ~. Washington, DC. 

Commission of the European Commuuitlcs (CEC), 2001. Council Directive 2001/89/EC of 23 Octnbc:r 2001 on 
Community measures for the coutrol of classical swine fever (text with EE.Arel=). Off.1. Bur. Commun. 
L316, 5-35. 

52 



C.J. De Vos et al/Preventive Veterinary Medicm,: 70 (2005) 235-256 255 

De Vos, CJ., 2005. Risk analysis of classial swine fever introduction. Ph.D. Thesis. Wageningen University, 
WageniDgen. 

De Vos, CJ., Hom, H.S., DiJ'khuizen, AA., 2000. Risk of animal movemeJIIS for the introduction of contagious 
auimal diseases into densely populalcd livestock areas of the European Union. In: Thrusficld, M.V., Gx>dall, 
EA. (F.cls.), Proceedings of the Society for Vetainary Epidemiology aud Preventive Medicine, University of 
Edinburgh, March 29-31, 2000, pp. 124-136. 

De Vos, CJ., Saatkamp, H.W., Nielen, M., Huime, R.B.M., 2004. Scenario tree modelling to analyse the 
probability of classical swine fever viros introduction into member ttatca of the European Union. Risk Anal. 
24, 237-253. 

DiJ"btra, T., 1995. Vl&ie of Fictie. Ondczoek naar de toepassingsmogc]ijkbedcn van ecn POSTil.JON- of 
HETINU-systecm in bet intematiom.le vervoer van levende varlceus en biggcn over de weg. Saveetra, 
7.oetermea" ("m Dutch). 

Edwards, S., Fulusbo, A., Lefevre, P.C., Lipowski, A., Pcjsak, Z., Roche, P., Westergaard, J., 2000. Classical 
swine ~ the global situation. Vet. Microbiol 73, 103-119. 

Eiben, A.R. W., Dctters, LJ .M., 2000. Scro-1111rYeillaDce of disea&c:S in wild boar of intcrei.t to domestic livestock 
in The Ncthc:rlands 1996-2000. In: Van Nus, A. (Ed.), Proceedings Am1ual Meeting of the Dutch Society 
for Veti:rini!y Epidemiology 1111d &ooooiics, Utrecht, The Ndhedmds, December 13, 2000, pp. 49-54. 

Elben,A.R. W., Stegeman, A.,Moser,H.,Etker, RM., Smat,J.A.,Plaimcn,F.H., 1999. The classical swine fever 
epidemic 1997-1998 in The Netherlands: descriptive epidemiology. Plcv. Vet. Med. 42, 157-184. 

EU, 2002. Unpublished data from the Animal Disease Notification System (ADNS) of the European Union. 
Bmsscls. 

EU, 2004. Agrlcultmc in the European Union. Sbltistical Bild e<:0oomic infonnatioo 2003. http-J/europa.eu.int/ 
comm/agriculture/agrista/2003/lable_eo/3531 O.pdf. 

Oreu1int, T.; Van Klink, E.; Van der Peet, G., Mourits, M., Velthnis, A., 2002. Evaluatie vcrplaat&ingsregelingen 
MKZ. Rapport EC-LNV nr. 200l/177. Expertisecentrnm I.NY, Ede ("m Dutch). 

Hom. RS., Dijkhuizen, A.A., Huirne, R.B.M., De Leeuw, P.W., 1998. Introduction of contagioos animal diseases 
into The Ncthcdands: elicitation of expert opinions. Livest. Prod. Sci. 53, 253-264. 

lpema, A.H., Smil3, A.C., Hogewcrf, P.H., Houwen, W., Van der WaI!e. K., VeJlhuis, A.GJ., Hogevcen. H., Hoste, 
R, Van Wagenberg, C.PA., Pui&ter-Jansen, L.F., 2002. Haalbaarhcidsondcrzoek Elebronische Idcntificatie. 
IMAG Rapport 2002--07. Research Imtitute of Agricultural md Environmcnllll Engioea:ing. Wagen.ingen (in 
Dutch). 

Jalving. A.W~ N".telen, M., Maurice, H., Stegeman, AJ., Elbers, A.R. W., DiJkhuizen, A.A.., 1999. Spatial and 
litOchastic simulation to evaluate the impact of =ts and COlllrOI measurca on the 1997-1998 classical swine 
fevel" epidemic in The Netherlands. l Description of &imulation model Prev. Vet. Med. 42, 271-295. 

Klintciiberg, D., Everts-van der Wmd, A., Graat, E.A.M., De Jong. M.c.M., 2003. Quantification of the effect of 
control strategics on cJassical swine fever epidemics. Math. Biosci. 186, 145-173. 

KWIN, 2003. Kwantitatieve 1nformatle Vcchoude:rij 2003-2004 (KWlN). Research Institute for Animal Hus
bandry, Lelystad (in Dntch). 

Laddomada, A., 2000. Incidence and cxmtrol of CSF in wild boar in Europe. Vet. Microbiol. 73, 121-130. 
Lambooij, E., ~ iiaal~ colltlfner tran.spoct varb:= Report 2179. wtitnte for Animal 

Scic:nce and Health, Department lmectioos Diseases and Food awn Quality, Lelystad ("m Dutch). 
LNV, 2004. Regeling inzake hygicnevoorschriften besmettclijb: dierziektcn 2000. Ministerie van landbouw, 

Dll1UUr en voedselkwaliteit, Den Haag ("m Dutch). http://wctten.overhcid..nl/. 
Mangen, M.-JJ., 2002. Ecooomic wclbre analysis of simulaled eonlrol stllllegies for Classical Swine Fever 

epidemics. PbD Thesis. Wagc:ningen University, Wageningen. 
Mangen. M.-JJ., Jalvingh. A.W., N"ielcn, M., Mourits, M.C.M., Klinkenberg. D., Dijthuizen, AA., 2001. Spatial 

and stochastic simulation to compare two emergency-vaccination strategics withammurvaccinc in the 1997/ 
1998 Dutch Classical Swine F= epidemic. Prev. Vet. Med. ~. lTI-200. 

Mangen, M.-11., Nielen. M., Burrel, A.M., 2002. Simulated effect of pig-population density oo epidemic size and 
choice of cootrol strategy for classical swiDe fever epidemics in The Netherlands. Prev. Vet Med. 56, 141-
163. 

Meuwissen, M.P.M., Hom, H.S., Huirnc. RB.M., Dijkhuizen, A.A., 1999. A model to estimate the financial 
consequences of classical swine fever outbreaks: principles aud outcomes. Prev. Vet. Med. 42, 249-270. 

53 



256 C.J. De Vos a aLIP~entive Veterinary Medicine 70 (2005) 235-256 

Meuwissen, M.P.M., Ve.n Asseldonk, M.A.P.M., Haime, R.B.M., 2000. The Feasil>ifuy of an lnsunuJce for 
Livestock Epidemics in the Pig SectDr. Institute for Risk Man.agemenl in Agriculture, Wageningcn [m Dutch). 

Meuwisscn, M., Mourits, M, Mangen, MJ., L6on, C., Tomassen, F., Hnimc, R., 2002. Differentiatic heffingen 
Diugczondhcidsfoods Vait.enshoudcrij. Institute for Ri&l:: Managemcut in .AgJ:icult=, Wageningcn (in 
Dutch). 

Miller, L., McElvaine, M.D., McDowell, RM., Ahl, A.S., 1993. IkvelopiDg a quantitative risk assessment 
process. Rev. Sci. Tech. Off. lut. Epiz. 12 ( 4 ), 1153--1164. . 

Moeunig. V., 2000. lutroductioo to classical swine fc:vcr. virus, disease and control policy. Vet. Microbial 73, 93-
102. 

Nieleo, M., Jalvingh. A.W., Mcuwh:sen, M.P.M., Horst, H.S., DiJibuizen, A.A.. 1999. Spatial and stochastic 
aimnlation lo mtlnatc lhc impact of evcats and control measures on the 1997-1998 clas&ical swine fever 
epidemic in The Netbedaods. Il. Comparison of control Slrlllegie&. Prev. Vet. Med. 42, 297-317. 

OIE, 2004. Hmdistatus II. http://www.oie.int/hs2/rcport.asp71a:ng=en. 
Palisade Corporation, 2002. Guide to using @Rid:.. Risk Analysis and Simulation Add-In for Microsoft Excel, 

Version 45. Palisade Corporation, Newfield, NY. 
PYE, 2003. Vee, Vlcca en Eicrc:n in Nedcdmd 2003. Product boards of Livestock, Meat aud Eggs, ~ (m 

Dutch). http://bedrijflluet.pve.agro.nl/plslpbs/docs/foldcrlBEDRDFSNET_US_CAIMARKTIPRUS..):N_ 
HANDELSINFORMA11E/VVE/VVEN+2003+KLEUREN+VERSIE.PDP. 

RVV, 2004a. Unpublished data from lhc Animal Movement system {ANJMO). National Inspection Service for 
Ll\'CStocl and Meat {RVV), \bo:cbmg. 

RVV, 2004b. Llst of Registered Washing Places. National ID&pection Se:rvice for Livestock and Meat {RVV), 
"'Ax>murg. 

Statistics NctherlaDds, 2004. Unpublished data from the annual census {2003) of Statistics Nedierlands, Voorourg. 
Stegeman, A., Elbc:rs, A.R. W., Smak, J., De Jong. M.C.M., 1999. Qoantmcation of the transmission of classical 

swjoe fever virus between hems during the 1997-1998 epidemic in The Netherlands. Prev. Vet. Mcd. 42, 219-
234. 

Sutmollec, P., Thomson, G.R, Hargrea'\U, S.K., Foggin, C.M-, Anderson, E.C., 2000. The foot-and-mouth disease 
risk posed by African buffalo within wildlife conservancies to the cattle indo.stty of Zimbabwe. Prev. VeL Med. 

,44, 43--@. 

Van den Tempel. F.c.A., Gicssc:n, G.WJ., 1992. Inlciding Agrariscbe bedrijfseoommi.:. Edocaboct: BV, 
Culcmbotg (in Dutcli). 

Van der Gaag, M.A., 2004. Bpidemiological and economic simulation of Salmonella comol in the port supply 
chain. PhD Thesis. Wageuingcn University, Wagcningen. 

Van der Gaag. MA, Saatbmp, H. W~ Bacbis, G.B.C., Van Beek, P., Hnime, R.B.M., 2004. Cost-effectiveness of 
controlling SalmoMlla In the pork chain. Food Coutr. 1S, 173-180. 

Vauthetmcbe, P., 1996. Qaa&ica.l Swine Fever 1993-1994 Belgium. Pig J. 37, 43--53. 
Tose, DJ~ 1997. Risk analywis in talatioa to lhc importation IIJld exportation of animal products. Rev. Sci. Tuch. 

Off. 1nt. Epiz. 16 (1). 17-29. 
Vose, DJ., 2000. Risk ADalysia.. A Quantitalive Guide, 2nd ed. 'Wiley, ChicbcSlcr. 
VWA, 2003. Bewakiag Kla£sieke Varkenspest. Food and Con= Product Safety Authority (I/WA), Vooxburg 

(m Dutch). 
WIO, 1995. Agreement on the Application of Sauitmy and Pbytnsamlmy Measures. World Trade Organization. 

http://www.wto.org. 

54 
CIRAD-Dist 
UNITE BIBLIOTHEQUE 
8aillarguet 



ANNEXE2 

DETILLEUX J.C., SERTEYN D., 2005. Cost-Effectiveness Analysis in 
Veterinary Medicine : Illustration with packed cell value in the Prognosis of 
horse surgical colic in Belgium. Intern. J Appl. Res. Vet. Med, 3 ( 4) : 309-318. 

55 



Cost-Effectiveness Analysis in 
Veterinary Medicine: Illustration 
With Packed Cell Value in the 
Prognosis of Horse Surgical Colic in 
Belgium 
Johann C. Detilleux, DVM, PhD1 

Didier Serteyn, DVM. PID 

1Department of Animal Production 
Faculty of Veterinary Medicine 
Li~e University 
Liege, Belgium 

2Sf!nlice d'Anesthesiologie Generale et Pathologie Chirurgicale des Grands Animaux 
Faculty of Veterinary Medicine 
Liege Univerrity 
Liege, Belgium 

KEY WORDS: economy, prognosis, 
heuiatocri~colic,equine 

ABSTRACT 
Techniques of cost-effectiveness analyses 
were applied to determine whether or not it 
is economically efficient to measure the 
packed cell volume (PCV) on a colic horse 
befure deciding on abdominal surgery. The 
effects of this decision of uncertainty on the 
estimated values of the parameters (proba
bility of survival after surgery, surgery 
costs, PCV positive predictive value, and 
length of survival after surgery) v,,ere con
sidered along with the monetary values of 
collecting additional information on those 
parameters. The eflects of uncertainty on 
the incremenlal net benefits of each alterna
tive were depicted by tornado diagrams, 
cost-effectiveness acceptability curves, and 
posterior probability distn1'utiOl18. The 
worth of additional infonnation was com
puted as the expected values of perfect and 
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sampling information. Given previously 
published results, the best PCV cut-off point 
to distinguish between survivors and non
survivors was at 44%. At this threshold, the 
most economically effective alternative is to 
measure PCV before surgery providing the 
owner is willing to pay less than €672 for 
each year "1e horae survives. Uncertainty on 
probability of survival after surgery largely 
influenced the decision whether or not to 
measure the PCV, but one should spend at 
most €381 in research to reduce this uncer
tainty. A study of postoperative survival of 
500 colic horses would ensure an expected 
gain of €370 associated with a reduction in 
uncertainty. 

INTRODUCTION 
Cost-effectiveness analysis is a tool that 
enables a decision maker to make informed 
choices. For the veterinarian, this may con
sist of choosing to treat or not to treat a sick 
animal, to perform or not to perform a clini-
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cal test before a surgical act, or to decide 
whether or not to investigate further the 
basis of an unknown disease. In cost-effec
tiveness analysis, the costs and benefits of 
the different alternatives are measured and 
compared, their relative efficiency is 
assessed; and the most cost-effective alter
native is preferred (assuming the decision 
maker is rational). Costs are measured in 
monetary units and benefits are measured in 
tenllS of clinical outcome (eg, mortality, 
morbidity, time for reoccurrence of the dis
ease) to which a monetary value is assigned, 
value that reflects the decision maker's 
maximum willingness-to-pay for that clini
cal outcome. At the end of the analysis, eco
nomic results can be summarized in terms 
of incremental net benefit (INB), that is, the 
difference in increments in effectiveness 
and in costs. 

For a number of reasons, costs and 
effects are seldom known with certainty.' 
Uncertainty on the model arises from 2 
sources: model development and the values 
of the parameters.2 In this article, we con-

, centrated on parameter uncertainty and 
accepted the model as given. Parameter 
uncertainty is of first degree when uncer
tainty is about the true values of the param
eters (eg, unobservable values of costs and 
effects or disagreement among experts). 
Parameter uncertainty is of second degree 
when it is associated with sampling varia
tion (eg, limned samples available to esti
mate the true values of costs and effects). 
Detenninistic analyses, in which costs and 
effects are varied over their possible range, 
are often used to take account for the first 
degree uncertainty while stochastic simula
tion methods, in which a distribution is 
specified for each cost and effuct, consider 
the second degree uncertainty. 

To reduce uncertainty, the decision 
maker may gather additional information; 
however, this means incwring additional 
time and monetary costs. The question then 
arises whether gathering this additional 
information is valuable economically. The 
expected value of perfect information 
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(EVPI) represents the value of completely 
eliminating the uncertainty (ie, collecting 
information with perfect accuracy). It is the 
upper limit to the amount the decision 
maker would be willing to pay for any addi
tional information. But obtaining perfect 
infonnation is nearly impossible. More 
often, the decision maker will collect more 
data and compute the expected value of 
sample information (EVSI) (ie, the addition
al expected profit poSSI"ble through knowl
edge of the sample information). 

The goal of the present study was to 
illustrate cost-effuctiveness analyses with an 
example on the prognostic value of packed 
cell volume (PCV) in equine surgical colic. 
The selected alternatives were whether or 
not to cany out the PCV test before decid
ing to undertake the surgery, given that the 
decision to perform surgery involves a 
trade-offbetween the immediate expenses 
posed by the veterinary act and the risk of 
death. The goal was not to give veterina:ri~ 
ans strict indication on the prognosis value 
of colic surgery based only on PCV pre-sur
gery values bot to illustrate the potentials of 
cost-effi:ctiveness analyses in urgency vet
erinary medicine. 

MATERIALS AND METHODS 
An analysis of costs and effects of surgery 
for colic of the large intestine in horses was 

conducted. In this stndy, the number of 
years by which life is extended (Y iJ after 
surgery was· used as the measure of effec
tiveness; costs were associated with surgery 
(CJ (ie, cost of stirgety and loss of work 
value) and with the PCV clinical test (Cp). 
The same value for Y 8 was assumed for 
horses surviving colic surgery and for non
colic horses. The strategy "no test" consist
ed·of surgical treatment of colic without 
PCV screening. It was compared with the 
strategy "test," consisµng of smgery after a 
positive PCV screening and no surgery if 
the PCV result was negative (Figure 1). 

In the strategy "no test," survival after 
surgery was achieved at a probability of 
p_eff. In the strategy "test," surgery was 

Intern J Appl Res Vet Med • VoL 3, No. 4, 2005 

57 



executed when the test 

was positive at a proba
bility ofp_tp and survival 
was attained at a proba
bility of p_tp_eff (the 
test's positive predictive 
value). Assuming that 

yes 

horses will die without 
surgery, the effectiveness 
<EN) and cost (Q associ- no 

ated with the strategy "no 

...--:de=a=-d ----' Costs • surgery+ lest 

Benefits• O 

'-----~ Costs ~ surgery+ test 
BM Benl!fit& s:: years s.a~ 

L--------~ Cosls= t..sl 
negative 

Benefit, =O 

...--=cdc=ad=--_ _, Cos!,; = surgery 

Benent, C 0 

test'' were: 
~=p_effxY8 

and 

~ = Cs, respectively. 

fVJl'e 1. Decision tree displaylng the oltematfves of the horse collc 
problem. 

For the strategy "test," effectiveness <Er) 
and cost (Cr) were: 

Er= p_tp x p_tp_eff x Y8 and 

Cr = (p_tp x Cs) + ~ respectively. 

· Baseline Analysis 
For each proportion parameter (p_tp, p_eff, 
aJ?d p_tp_efl), a base-value (ie, the refer
ence case) was identified from results of a 
study of PCV in horses referred at the vet
erinary hospital of the University of Liege 
(Belgium) for surgical colic of the large 
intestine. 3 Base-values were obtained for 
Cs~ and Ys,-.u after a search on Google and 
Medline on November 22, 2004 (Table I). 
Then, values for the incremental net benefit 
(INB) were computed as: 

~=K X CEr-BtJ-(Cr-~). 
for di.ffurent values of K, where K is the 
monetary value fur I horse-year survived. 
The most cost-effective alternative was the 
strategy that led to the highest INBic.-
Analysls of Uncertainty 
To analyz.e the effects of uncertainty on the 
parameterirnn the selection of the most 
cost-effective alternative ("test" or "no 
test"), 2 analyses were cooducted. In the 
first analysis (first degree of uncertainty), 
parameter values were varied independently 
over their possible ranges to obtain highest 
and lowest INBx.. Maximwn and minimum 
probabilities of survival after smgery vvere 
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set at 100% and 500/o, respectively. The cost 
of surgery varied from €1,500 to €7,500. 
and the length of survival after surgery 
ranged from 2 to 40 yeais (Table I). The · 
cost of PCV screening remained fixed at its 
current value of €10. Toma.do diagrams 
depicted the effects of this type of uncer
tainty on INBx-

ln the second analysis (second degree of 
uncertainty), all parameter values were ran
domly sampled from different prior distnlm
tions and the incremental costs and effects 
were recaJculated over 300,000 simulations. 
For p_eff; p_tp, and p_tp_ett: prior distribu
tions were Beta ( a. ~) with a = r0 + 1 and fl 
= Do - r0 + 1, with r0 = base-value for nurn'
ber of successc,s and Do = base-vahie for 
nwnber of triaJs.1• The variables ln(Cs) and 
ln(Y J were each assumed to be a random 
sample from a Nomuil (µ, lit) popi.Ilation 
with prior specifications µ - Normal uio, 
I/no't) and 't - Gamma (11, o), with TI = 4 · and 
o= ll<To, J1i, = log (base-value)- lfu::ro, and 
d 0 = log (I + [range/(2 x l.98)JY, assuming 
90% of the values for hi(Cs) and 1n(Y i;) are 
within 2 standard deviatiom from their 
expected values. Base-values and ranges 
were from Table· 1 and the value for the 
degrees of belief TJ was obtained by trial and 
error. The prior distn"butions were chosen to 
compute ~licitly the conjugated posterior 
distn"butions for INBi:.15 Uncertainty inter
vals were estimated from the simulated data 
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Tc:ble 1. Parameters for the Colic Problem: Bose Values f0< BaseUne Ahalysls, Ranges for Analysis 
of Rrst Degree of Uncertainty, and Dishibvtions for Analysis of Second Degree of Uncertainty. 

Parameter Symbol 

Surgery costs(€) Cs 
Test cost ( €) Cp 
Years of life extended YE 
after suigery 

Proportion of horse 
su~ng surgery(%) 

p_eff 

=rtlon of horse wfth 
ed ceH volume less than (%) 

p_tp 

27% 
32% 
37% 
44% 
49% 

52% 
55% 
61% 

Proportion of~ p_tp_eff 
horse among those with 
packed cell volume less than 
27% 
32% 
37% 
44% 
49% 
52% 
55% 
61% 

by taking the end points of a 95% interval 
around the average value for INBit. over all 
iterations. Cost-effectiveness acceptability 
cwves (CEAC) were also constructed in 
which the probability, based on the avail- . 
able evidence, that ~ is positive is plot
ted against K." These probabilities were 
,1:0mputed, for each value of~ as. the pro
portion of iteratiom in winch the strategy 
"test" bad positive INBc. 

V alutH>f-lnformation Analysis 
Finally, the worth of obtaining additional 
information on the unknown parameters 
(CS, YE, p_:_eff, p_tp, and P~tp_efl) was 

computed as the EVPIK. and EVSIK. The 
algorithm proposed by Ades et a117 was cho
sen to get EVPIK and EVSIK. 11 It consists 
of drawing a sample from the prior distn'bu
tioo of the parameter ori which more data 
are to be collected and a sample from the 
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Base-Value Range Distribution 

4,000 1,500 to 7,500 logN (4,000, 1,515') 
10 
19 2to40 logN {19, 5) 

62 50to 100 Beta (61 , 99) 

2 Beta (2. 99) 
14 Beta (14, 99) 
35 Beta (35, 99) 
71 Beta (70, 99) 
83 Beta (82, 99) 
88 Beta (87, 99) 
95 Beta (94, 99) 
100 Beta (99, 99) 

1.00 Beta (2, 2} 
0.79 Beta (11, 14) 

0.74 Beta (26, 35) 

0.74 Beta (52, 70) 
0.72 Beta (58, 82) 
0.69 Beta (60, 87) 

0.65 Beta (61, 94) 
0.62 Beta (61, .99) 

predictive distnlmtioo of the sufficient sta
tistics arising from a new dataset of size n, 
given the ctirreIJ1 value of the parameter. 
The prior distributions were those obtained 
in the analysis of the second degree of 
uncertainty/ The predictive distnbuticins for . 
CS and YE were log-normal Logil(po, 
1/Jlo-c). The predictive distributions for ceft 
r_tp, and r_tp_effwere binomial: Bin(p_eff, 
n), Bin(p_tp, n) and Bio(p_tp_efl: n_tp), 
respectively. Then, 

EVPlg: = E(max INBx) - max E(INBx), 
and 

EVSIJC = Eo(max INBx) - max E(INBJ, 

where E(max INBx) is the expected value 
under perfect infonnation, max ECINBi) is 
the expected value under cwrent infoana
tion, and E0 is the expected vaiue under 
imperfect infotmation obtained from data D. 
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Figure 2. The recelll'ef choracterlstlc _curve for 
pocked eel voune as an lncficator of sur
vival after surgery for equine colic. The arrow 
Indicates the best cut-off for a pacl<ed ceD 
volume of 44t,.· 

RESULTS 
In the study of Grulke et al,> a horse was 
classified either as a survivor if it was dis
charged from the clinics, or as a non-sur
vivor. Average blood PCV was 30.29%, 
(standard deviation [SD] = 6.18) among sur
vivors and 45.03% (SD = 8.77) among non-

,. survivors. Cooseqoently, the PCV test was 
considered positive when PCV was below 
some threshold values. A receiver operating 
curve (ROC) displaying the sensitivity and 
specificity of the test is shown in Figure 2. 
The best PCV cut-off point to distinguish 
between survivors and non-survivors was at . 
PCV = 44%, as deteaniiled by the highest 
Youden. index, with 73% of the cases cor
rectly classified and a kappa value of 33o/o. 19 

Therefore, unless stated otherwise, this PCV 
value was chosen in the analysis. 

Baseline Ana)ysb 

Whatever the willingness-to-pay (K) for 1 
survived year (Y iJ and the PCV limit, the 
strategy "test" wall less costly and less bene
ficial than the strategy "no test" It was 
highest at K= €1 with INB1 = €1,160. This 
value corresponded to the difference in net 
benefits between both alternatives: with 
- €2,819 for the "'test" and - €3!}79 for the 
"no test" alternative. The INBx. decreased 
linearly as K increased and became negative 
for K > f!Jj72. 
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Figure 3. T omodo diagrams for the va!lation h 
Incremental net benefit (INB) of the strategy 
·tesr over the strategy •nc, test.· given a 
maxrnum value for one survived yeOI of €1, 
€100. and €250. The horlzontal oxls crossed 
the vertlcal axis at the tx:JscwakJe. Surgery 
costs varied from € 1.500 to €:7-SJJ with a . 
base-value 9f €4.ooJ; years of life. extended 
after surge,y valed from 2 to 25 yecirs with a 
base-value of 19 years; and 'l. of suMIOI with 
a pocked ceff volJrne of 44% varfed from 50'l. 
to I 00%, with a base-vdue of 62%. 

Analysis of the First Degree of 
Uncertainty 

Uricertainty on swgery costs bad highest 
effects on INB 1 fur all PCV values (Figure 
3). The INB1 declined to €428 for Cs= 
€1,500 and increased.to €2,185 when C6 = 
€7,500. The eflect oftmcertainty <>n sur
gery costs remained comtant at all K values, 
but theeffect of\Dlcertainty on YE, p_tp_eff, 
and p_eff increased as K increased. For 
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Figure 4. Prior dlstrl:>ufk:,ns W for the porame
too of the coic problem and posterior cfishi-

r butlons (B) for i"lcrementol net benefit (INB) at 
various monetay values for I SUtVlved year 
(IO and for a packed cell.VOMTle of 44%. 

example, INB250 = € l, 116 fur YE = 2 years 
and INB250= €593 for Y6 = 25 years;~ 
= €1,044 forp_eff= 55% and INB500 = 
-€1,093 forp_eff= 100%. 

Analysis of the Second Degree of 
Uncertainty 
Prior distnl>utions for p_efl: p_tp, p_tp_eff, 
Cs, and Y11 are shown in Figure 4 with the 
corresponding posterior distributions for 
JNBx when.K = €100, €1,000, and €1,500. 
Prior averages and 95% confidence intervals 
(m parentheses) fur the proportions were 
61.400/o (61~38%-61.42%) for p_eff, 
70.300/o (70.29%-70.32%) for p_tp, 73.600,i, 
(73.58%-73.62 %) furp_tp_eff, €3,751 
fur Cs, and 18;07 (18.06-18.07)years for 
Y £· The posterior means fur INBx. and their 
standard errors for PCV = 27%, 38%, 44%, 
and 52%, and for K = €1, €100, €500, 
€1,000, and €1,500 are in Table 2. Note 
that standard errors were lower at low than 
at high K values. In Figure 5, the CEAC 
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200 400 600 800 1000 
Mooclav v.i.c of 0.. Sorrivcd Yew (E) 

Flgu'e 5. The cost-effectiveness acceptoblllty 
CUfV8S for packed ceft volume Of 27%, ~. 
44%, and 52%, with lncrementof net benefit 
(INB) ot the strategy ·tesr over the strategy 
·no test: The dotted line represents the 10% 
significance level for testing the null hypothe
sis of a negative INB . 

1-27% -38%1 
---'4% -+-S2% 

O 200 400 600 800 I OOO 
Monetary Va hoe nf Ouc Svvi ml Y car·(€) 

Figure 6. Expected value of peitect lnformo
flon for different monetary value of 1 survived 
year and for pocked cea volume of 27%, 
38%, 44%. and 52%. 

showed that the probability of a positive . 
~was 100% forKs €100 atanyPCV . 
values. The probability then decreased.. It 
was close to zero at K = €500 for PCV = 
27o/o, arid reached 30%, at K:::; €1,000 fur 
PCV = 44% and 55% at K = €1,000 for . 
PCV=52%. 

. Value-of-Information Analysis 

The values for EVPix were higher than 
€1,000 .fur K ·s €100, but they became 
almost zero at K = €500 for PCV = 27% 
and at K. = €800 for PCV = 38% (Figure 
6). From Table 2, it can be seen that INBx 
and EVPit were identical as long as · 
pr{INJ3g_ > 0) = I 00% and that EVP~ 
became greater than INBic for value of 
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Table 2. Posterior Means (Standard Errors) for Incremental Net Benefit (INB) of the strategy 
·Test· Over the strategy ·No Test; the Expected Value of Perfect Information (EVPI), and the 
Probablllty of a Positive INB for Different Monetary Values of 1 SUrvtved Year (IQ. 

PCV::r27% PCVcS8% PCVa44% PCV=52% 
K= €1 
EVPI {€) 3667 (0.76) 2189 (0.45) 1091 (0.23) 446 (0.09) 
INB (€) 3667 (0.76) 2189 (0.45) 1091 (0.23) 446 (0.09) 
pr(INB > 0) (%) 100 (0.00) 100 (0.00) 100 (0.00) 100 (0.00) 

K= €100 
EVPI (€) 2606 (Q.80) 1644 (0.51) 918 (0.32) 416 (0.24) 
INB (€) 2606 (0.80) 1644 (0.51) 918 (0.32 416 (0.24) 
pr(INB > O) (%) 100 (0.00) 100 (0.00) 100 (0.00) 100 (0.00) 

K=€500 
EVPI (€) 5.17 (0.11) 81 (0.40) 381 (0.81) 422 (0.83) 
INB (€) -1679 (1.43) -'561 (1.27) 219 (1.18) 293 (1.14) 
pr{INB > O) (%) 1.52 (0.02) 21 (0.07) 64 (0.09) 68 (0.08) 

K= €1,000 
EVPI (€) 0 (0) 2.16 (0.07) 243 (0.94) 568 (1.41) 
INB (€) -7036 (2.55) -3318 (2.42) -655 (2.32) 141 (2.27) 
pr{INB > O) (%) 0 (0.00) 0.52 (0.01) 30 (0.08) 54.65 (0.09) 

K= €1,500 
EVPI (€) 0 (0) OA2 (0:04) 223 (1.09) 735 (1.98) 
INB (€) -12392 (3.73) -6075 (3.60) -1529 (3.47) . -12 (3.40) 
pr(INB > 0) (%) 0 (0) 0.08 (0;00} . 20.89 (0.07) 49.85 (0.09) 

400 ---------·-- - - ·· ·- ··-- .. .. . - - - · ----·-

1 p~ > 0) < 100°/o. For all unknown 
parameters (Cs, Ya, p_eff, p_tp, and 
p_tp_efl), the EVSI values were lower than 
the corresponding EVPI. An example is 
given in Figure 7, where the expected value 
of sampling information onp_effis shown 
for K = €500 and PCV = 44%: it increased 
fium €300 for a sample size n = 5 to €340 
forn = 100, €370 for n = 500, and up to 
the value ofEVPl500 at n = 100,000. 

DISCUSSION 
The objective of this study was to introduce 
the techniques of cost-effectiveness analysis 
in veterinary medicine with an example in 
surgery for equine colic. Such techniques 
are important for the clinician wotking in 
equine colic referral centers who must pres
ent alternatives clearly to their clients. 
Indeed, colic is a very costly equine disease 
when surgery is required to avoid death. 
Studies reported 14% to 41% of horses 
referred for gastrointestinal colic at veteri
nary clinics required surgery.20,11 Colic is 
also costly because the percentage of surgi-
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Figure 7. Expected values of perfect and 
sampRng nformatlon on the probabfflty of sur
vlvol, assumi'lg €500 for 1 survived year dnd a 
packed cen volume of 44%. · 

. cally treated horses that survive varies with 
the pathophysiological mechanisms behind 
the colic syndrome, the physiological status 
of the animal. the study design and the time 
frame when surgery was performed. n 

Different indicators of survival after sur
gery have been proposed, am.orig which is 
the preoperative PCV.ll>~ Based on the 
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Belgian data,3 a clinician may recommend 
surgery when the horse's PCV is below 44% 
because it is the threshold that best identified 
survivors and non-survivors, as given by the 
Youden index and the ROC (Figure 2). This 
comes at a cost because, in the Belgian 
study, 26% of the colic horses with PCV 
s 44% died after surgery (026 x €4,010 = 
€1,043) and31% of the colic horses with 
PCV > 44% survived after surgery (0.31 x 
I 9 = 5.9 years). On the other hand, if sur
gery is perfocmed on all colic horses without 
any preoperative testing, a loss of €1,520 
(0.38 x €4,000) will be incurred as a result 
of the surgery on non-survivors. Given these 
alternatives, the horse's owner must make 
the final decision depending on how he/she 
valued the life-year of the horse. Because it 
quantifies and compares the economic effi
ciency of each alternative, cost-effectiveness 
analysis will help . in making decisions that 
are consistent with maximizing the horse's 
health gains given the existing information 
and the owner's available resources. 

Baseline Analysis 
Given the parameters in Table 1, the strategy 
"test" is always less costly and less benefi: 
cial than the strategy "Ii<> test.".' Indeed, in the 
''test" alternative, surgery is performed only 
on animals with a positive test, while in the 
"no test" alternative, surgery is performed on 
all horses. Because it is Jes.5 beneficial than 
the "no test" alternative, the "lest" alterna
tive is said not to dominau?' and a judgment 
must be made whether the magnitude of its 
cost-saving is justified given i1ll reduced 
effectiveness. This decision cannot be deter
mined unless a cut-of-value, or maximal 
willingness-tcrpay (K) for I life-year gained 
has been specified by the horse's owner.25 

Hence, the ''test" strategy at PCV s 44% is 
the most cost-effective when the horse's 
owner is not willing to pay more than €672 
for 1 life-year gained (to ensure ~ > 0). 
Note this value is much lower than the main
tenance costs ofa .horse estimated at €1,500 
per year.J.26 If the owner considered only 
maintenance costs, the surgery ·Should 
always be performed because INB1,soo < 0. 
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Analysis of the First Degree of Uncertainty 

Some variables may affuct the selection of the 
best ahemative, such as the surgery costs (Cs), 
the probability of survival after surgery 
(p_efl), and the number of life-years gained 
(Ye). Indeed, costs of colic surgery vary 
between veterinary clinics, horse value, colic 
etiology and localization, and existence or not 
of post-operative complications. In the USA. 
costs starts generally at €3,000, but can dou
ble fur more difficult cases.5 Others reported 
costs varying from €4,500 to €7,500: Jn 
F.ngland, carts V8JY .from €3,000 to €7,000, 
with €4,000 being the average! In France, a 
study has reported costs from €1,500 to 
€5,000.' Postoperative survival rates fluctuate 
as well, with values at 21 %,' 34o/o, 10 54o/o, 12 

65%, u and 69."l°/e,11 up to 88%,.u Period of 
survival after surgery is dependent upon the 
occurrence of postoperative complication. Jn a 
study of 341 horses that recovered from colic 
surgery~ the probability of survival postopera
tively decreased to 0.87 by 10 days, 0.82.by 
100 days, and declined slowlyto 0.75 at 600 
days.'Jn this study, all 3 variables affected the 
value of INBi:: at PCV = 44% but at diflerent 
levels (Figure 3). Uncertainty on Cs was the 
single most influential parameter as long as K 
was below €200, but this uncertainty would 
not aher the choice ofthe "test" ahemative as 
the roost cost-effective ONBx_ > 0 fur all K). 
The influence of uncertainty on p_e:ff aoo y E. 

increasedwith K, and for K > €200, uncel1ain
ty on p_clfbad the highest mflueix:e on the 
magnitude and the sign ofINBic. There is 

· atrade-offbetween the owiier;s willingness to 
pay per extended life-year and the post-opera
tive survival. If p_:eft isequiva1ent to the test 
positive predictive value (p_tp_efi), 1hen the 
best alternative is to petfoan the test at any K 
-value (INBx_ > 0 for all K). If the surgery is 
100% effective (p_eff= I), then the best alter
native is not to penorm the test, unless the 
owner is only willing to .pay less than €130 
per life-year (INBi.: < 0 for K > €130). Note 
the impact of uncertainty on the values of CS, 
Y s, and p_eff on INBx is small in regards to 
the maintenance costs for a horse: at K = 
€1,500, INBi:: < 0 and the "no test" alternative 
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is the most cost-effective (unless YE= 2 years 
or p_tp_e:ff = p_efi). 

Analysis of the Second Degree of 
Uncertainty 

Prior distnbutioas (Figure 4A) were used to 
descnbe the uncertainty on the base-values for 
Cs, YE> p_tp, p_eft and p_tp_e:ff, uocertainty 
linked to the sampling variation. They were 
chosen compatible with published information 
on each unknown variables and conjugate to 
have prior and posterior distributions of the 
same fumily. This uncerlainty is ricocheted in 
the sp-ead of the posterior distributions of 
INBx (Figure 4B) and the standard errors for 
the mean INBx (fable 2). The distnbutions are 
widespread and the standard errois high, espe
cially at high K values, making it difficuh to 
draw conclusions or to make recomm:nda
tions from the available infurmation. 

The CEAC are aoother popular graphical 
re~ of uncertainty (Figme 5). Jn this 
study, the CEAC crossed the y-axis at 1Cl0%,. 
This is the position at which the horse's owner 

1 is unwilling to pay anything for~ gain (K 
= 0), in which case lr/she should always 
choose the "lest" a11emative (given the current 
base-values). The point where the CEAC 
reaches eqaihbrium 1eptesents the position at 
which the horse's owner is willing to pay an 
infinite amount for each additional gain in life. 
year. In this midy, the ecpihbrium was at 0'% 
because there was no more heath gain in opt
ing for the''lest" altcmative when K tended to 
infinity. Note that the CEA.Ci9 equal to 1 - a 
(the I-sided sigoifica1ice level) for testing the 
null hypothesis of a ne~ve INB. For CJC3ID

ple, the null hypothesis is rejected at a = 100/o 
for K < €320 because, as smwn by the dotted 
line on Figure 5, 1he probability of obtaining 
INBm > 0 is more than 90%. 

Value of Information Analysis 

To reduce the second order uncertainty 
observed in the baseline analysis, it would be 
desirable to realize specific research. The 
upper limit to the value of additional ·fufunna
tion is EVP~. In this study, EVP4 (Figure 6) 
was important for low values ofK, but 
became negligible as K increased. AB a result, 

Intern J Appl Res Vet Med ; Vol. 3, No. 4, 2005 

64 

there is practically little purpose in further 
resean:h to detennine accurately the values of 
Cs, Y8 , p_tp, p_eff, and p_tp_effwben the 
horse's owner valued bis/her horse at least at 
its maintenance costs (€1,500). The EVSiic 
for p_e.ff is shown only as an illustrative pur
pose (Figme 7) because EVS~ should always 
be lower than or equal to EVPiic. Indeed, 
EVSIK is concerned with predicting the 
expected reduction in uncertainty resulting 
from the collection of data from an additional 
sample while EVPiic is concerned with elimi
nating completely that wicertainty, and this · 
can be achieved only by an infinitely large 
sample. By comparing the magnitude of 
EV~ to the coots of obtaining the satnple, 
the optimum sample size fur a further study 
on p_e.ff could be estimated For example, the 
cost of collecting infonnation on p_e.ffon 500 
horses sbQuld be less than €0.6 per horse 
(EVSI~ = €300). Figure 7 shows also how 
EVSI increased with sample size arid how 
even modest study sires· contnbute · substan
tially to the decision because of the relatively 
low precision in the base value for p_eff. 

CONCLUSION 
In conclusion, comprehensive cost-effective.. 
ness analysis provides an explicit, coherent, 
and flexible framewcdc to help a decision 
maker in identifying the intervention with 
the greatest expected net benefit if he/she 
wishes to maximize health outcome subject 
to a budgetfcoostni.int By considering the 
expected value of information, he/she may. 
il1so decide whether further research is 
required and to set priorities for collecting 
additional information. In ow- colic example, 
the base-analysis showed that a horse.'s 
owner should prefer the "test" alternative for 
a horse with PCV = 44%, as long as he/she 
is willing to pay less 1han €672 each year 
the horse survives. However, due to sam
pling variation, be/she will make the wrong 
decision almost 50% of the time, as shown 
by the CEAC (Figme 5) and the posterior 
distnbutions ofINB1,ooo (Figure 4). At a will
ingness-to-pay of €500, the probability of 
postoperative survival was influencing most 
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the choice of the testing as the best alterna
tive (Figure 3) but one should spent at most 
€381 (fable 2; EVPI500) in research to 
reduce the second order uncertrinty on the 
probability ofsurvivaL Finally, a study of 
postoperative survival of 500 colic horses 
would ensure an expected gain of €3 70 
associated with a reduction in W1Certainty. 
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Cost-benefit analysis of vaccination against 
paratuberculosis in dairy cattle 

G. van Schaik, C. H.J. Kalis, G. Benedictus, A. A. Dijkhuizen, R. B. M. Huime 

Veterinary Record (1996) 139, 624-627 

Paratuberculosis is an infectious and incurable disease which 
causes considerable economic losses in dairy cattle, due main
ly to premature disposal and losses of milk production. In 
1984 the Animal Health Service North-Netherlands started a 
vaccination trial in which young calves were vaccinated once, 
to test whether vaccination reduced the production losses and 
whether the overall costs of vaccination were outweighed by 
the benefits. Vaccination against paratuberculosis reduced the 
number of clinically infected animals by almost 90 per cent. It 
also reduced the numbers of subclinically infected animals 
and animals with a positive histological and/or bacteriological 
test result. Although vaccination did not prevent losses in milk 
production, il reduced the infection pressure and the clinical 
signs of the disease. Partial budgeting showed that vaccination 
against paratuberculosis was highly profitable. The costs of 
vaccination were us$15 per cow and the benefits (total returns 
minus costs) were us$142 per cow. 

PARATUBERCULOSIS is an infectious and incurable disease 
which particularly affects cattle, sheep and goats. The bacterium 
Mycobacterium paratuberculosis causes a thickening of the 
intestinal lining which reduces the efficiency of feed absorption. 
In the clinical form, paratuberculosis causes a considerable loss in 
milk production and the cows lose weight in spite of the fact that 
their appetite remains good. The disease manifests itself most 
often in cows which are between four and five years old 
(Benedictus 1985). 

The animals most susceptible to the infection are young calves, 
which can be infected by contact with manure or milk, or in utero 
(Benedictus 1985). The severity of the infection depends primari
ly on the age of the animal and the concentration of the pathogen 
present. The older the animals and the lower the infection pres- . 
sure, the less often an .infection will cause clinical signs of para
tuberculosis (Benedictus 1985). When M paratuberculosis is 
present on a farm, all the animals will usually come into contact 
with it (Benedictus 1985). 

Paratuberculosis causes considerable economic losses which 
are due mainly to premature disposal and a reduction in milk pro
duction. In dairy cattle, reductions in milk production were report
ed to range from about 5 per cent in cows with subclinical forms 
of the disease to 20 per cent in clinically affected cows. Moreover, 
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affected cows were culled earlier and had a reduced slaughter 
value. The average losses per animal culled were found to be 
us$1250 and us$1000 for clinically and subclinically infected ani
mals respectively (Benedictus and others 1987). 

In the Netherlands, an eradication programme based on the vol
untary disposal of infected cows was ineffective, and the number 
of cases of paratuberculosis did not decline over the years. In 
1984 the Animal Health Service North-Netherlands started a field 
vaccination trial in which young calves were vaccinated once 
(Kalis and others 1991). The goals of the trial were to investigate 
the effect of vaccination on the numbers of animals with the clini
cal or subclinical form of paratuberculosis, and to test whether 
vaccination reduced the production losses and whether the bene
fits of vaccination outweighed the overall costs. This article gives 
the results of the cost-benefit analysis of the trial. A comparison 
was made between the situation before and after vaccination, tak
ing into account a vaccinated and a control group. 

Materials and methods 

Data 

The vacc~ation trial was conducted on 12 farms in the northern 
part of the Netherlands, where more than 5 per cent of cows were 
culled anually as a result of paratuberculosis. The unvaccinated 
cows which were culled between 1982 and 1984 were tested for 
paratuberculosis. In 1984 the vaccination trial started and all the 
calves on the fanns were vaccinated once before one month of age 
with a heat-killed water-in-oil emulsion vaccine. The vaccinated 
animals left the farms between 1984 and 1992 and all those which 
were culled were examined by the Animal Health Service for clin
ical signs of paratuberculosis. Material from the intestines was 
collected for histological, bacteriological and cultural tests to 
check whether an animal was infected. The histological tests used 
staining techniques and the material from the intestine was cul
tured to investigate whether M paratuberculosis was present. The 
presence of M paratuberculosis was .tested microscopically in the 
animals which were positive in the histological or bacteriological 
test and if the organism was identified the animals were consid
ered to be subclinically infected. M paratuberculosis was often 
not identified microscopically in animals with a po~itive cultural 
test result and these animals were. considered to be latently infect
ed. After five years the rate of disposal of animals because of the 
clinical form of paratuberculosis ·was reduced from 11 per cent in 
1984 to less than 1 per cent in 1989. However, the subclinical 
form of the disease was still present to a considerable extent 
(Kalis and others 1991). 

Data on 652 cows were available for economic analysis. Data 
on 573 cows, 304 of which were vaccinated and 269 of which 
were unvaccinated controls, could be used to calculate the reduc
tion in milk production. The cows from the vaccinated and control 
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groups were subdivided into the following four groups on the 
basis of clinical and laboratory tests: 
(a) healthy, uninfected animals in which no bacteria were found ; 
(b) subclinically infected animals which tested positive for para-

tuberculosis in the bacteriological and/or histological test, 
but which had no clinical signs; 

(c) animals with clinical signs of paratuberculosis which were 
confirmed by laboratory tests and were culled; 

(d) latently infected animals which were positive only in the cul
tural tests. and which were free of clinical signs. 

In the vaccinated group the numbers of animals in groups a, b, c 
and d were 162, 27, 18 and 97 respectively, and in the unvaccin
ated group the numbers were 124, 45, 50 and 50. 

The empirical data were evaluated statistically with Statistix 4.0 
(Siegel 1992) and tested .for significance by the least significant 
difference method, with P<0-05. 

Cost-benefit analysis 

The possible benefits of vaccination for the farmer would be 
reduced culling and lower losses in production. However, the 
farmer must meet higher costs for vaccination and sampling. 

The costs and benefits of vaccination were calculated by partial 
budgeting, which meant that only the changes produced by the 
vaccination progranune were calculated. The economic losses for 
each animal consisted of the following components (Dijkhuizen 
and others 1991): first , the losses before disposal, which consist of 
the reduction in milk production and the costs of examination and 
treatment; secondly, the losses at disposal, which consist of the 
lower slaughter value and the costs of open places; and thirdly, the 
loss due to disposal, which is the loss of future income. 

The sum of these components gives the total losses per animal 
at farm level. The benefits of vaccination will be the reduction in 
the losses due to (7,ne or more of these components. 

Results 

Losses before disposal 

The production of milk, fat and protein in the cows' last lacta
tion before disposal and in their first (heifer) lactation were com
pared, after adjustment for differences in age, season, year and 
length of lactation (Wilmink 1987). This calculation gave the loss 
or gain in milk production for a cow in its last lactation compared 
with its expected milk production capacity as a heifer. The per
centage reduction in milk production multiplied by the average 
production of heifers of the corresponding subgroup gives the 
absolute reduction in kg of milk, fat and protein. The results for 
the subgroups are summarised in Table 1. 

In the subgroup of uninfected animals the vaccinated animals 
had a greater reduction in milk production than the unvaccinated 
animals, 316 kg compared with 28 kg of milk. In the subgroups of 
subclinically and latently infected animals the vaccinated animals 
also had a greater reduction in milk production, respectively 706 -
199 = 507 kg and 382- (-248) = 630 kg. However, the vaccinated 
clinically infected animals had a smaller reduction in milk produc-

TABLE 1: Reductions in milk, fat and protein production(% and kg) 

Uninfected Subclinically infected 
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tion, I 089 - 631 = 458 kg milk, than the unvaccinated animals. In 
each group, similar trends were apparent for the reduction in the 
production of fat and protein. 

The c·osts of examination and treatments included the visit by 
a veterinarian at a rate of about us$20 and possible faeces 
and blood tests costing about us$5. Some animals were also 
treated for scour at an average cost of us$3. The total costs were 
estimated to be us$25 per clinically infected cow. The costs of 
vaccination were us$ I 5 per animal. 

Losses at disposal 

Clinically infected animals had a lower slaughter value at dis
posal, owing to weight losses, which was estimated at about 30 
per cent. Considering a normal slaughter value of us$ I 085 per 
culled cow, this loss was us$325 per clinically infected cow. 
According to Benedictus and others (1987), replacement animals 
will not always be available immediately, and a cost of us$47 was 
therefore assumed for two weeks of open places per culled cow. 

Losses due to disposal 

. The economic losses due to premature disposal can be defined 
as the difference between the income a particular animal could 
earn during its remaining expected life, and the expected income 
over the same period of a replacement animal. These losses vary, 
particularly with the productive quality of the cow and her age at 
disposal, and were taken from the dynamic programming model 
of Houben and others (1994). The cows in the various subgroups 
produced on average 6-5 per cent above herd level in their first 
lactation and were culled on average after 3-3 lactations. The 
losses due to disposal averaged us$El5 per case, and ranged from 
us$6 l 4 for vaccinated, latently infected cows to us$9 l 9 for 
unvaccinated, clinically infected cows (Table 2). 

Profitability of vaccination 

The profitability of vaccination is the difference in costs before, 
at and due to disposal, compared with the unvaccinated group. 
The total costs for the vaccinated and unvaccinated groups were 
determined by multiplying the frequency of uninfected, subclini
cally, clinicallY. and latently infected animals in each group by the 
costs at each stage. The costs of disposal of an average cow from 
the unvaccinated and vaccinated group are the standard of com
parison. It was assumed that the total rate of disposal at farm level 
remained the same. The total losses calculated for the periods 
before, at, and due to disposal are summarised in Table 2. 

As might be expected the total losses were highest for clinically 
infected cows. Vaccination reduced the losses for these animals 
by us$106 per cow. For subclinically and latently infected cows 
the opposite occurred; in the case of subclinically infected cows, 
mainly because of a high lost future income, and in the case of 
latently infected cows because of a greater reduction in milk pro
duction before disposal. The total losses for uninfected animals 
were lower, despite a greater reduction in milk production, 

Clinically infected Latently infected 
unvaccinated vaccinated unvaccinated vaccinated unvaccinated vaccinated unvaccinated vaccinated 

Number of cattle 124 162 45 27 50 18 50 97 
Milk 

(%) 0-5 5.7 3.9 13·1 20-6 13-1 -4.5 7-0 
(kg) 28 316 199 706 1089 631 -248 382 

Fat 
(%) 0-6 4 .9 2-0 13.5 13-2 14-2 -4-1 7-9 
(kg) 1-5 12-2 . 4.5 32-7 29-7 32·4 -10-1 19·5 

Protein 
(%) -1-2 4-2 2-0 13-5 21-8 13-6/ -5·3 5-3 
(kg) -2-3 7.9 3.4 25-0 33-4 : 23-3 -9·8 9-9 
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TABLE 2: Total losses (USS) before, at, and due to disposal per subgroup 

Uninfected Subclinically infected Clinically infected Latently infected 
unvaccinated vaccinated unvaccinated vaccinated unvaccinated vaccinated unvaccinated vaccinated 

Number of cattle 124 162 45 
Before disposal 
(%) -14 42 44 
At disposal 47 47 47 
Due to disposal 831 624 831 
Total 864 713 922 

because of a smaller lost future income. Clinically infected ani
mals had a smaller reduction in milk production and a smaller lost 
future income, which also resulted in smaller losses for clinically 
infected animals in the vaccinated group. 

In Table 3 the costs. per subgroup have been multiplied by the 
number of animals in the unvaccinated and vaccinated groups. 
Vaccination against paratuberculosis decreased the frequency of 
subclinically and clinically infected animals. In the unvaccinated 
group 26 per cent and 11 per cent of the animals were subclinical
ly and clinically infected, respectively, whereas in the vaccinated 
group the percentages were 11 per cent and 0-8 per cent, respec
tively. This means a reduction of 86 per cent in the numbers 
of clinically infected animals. The number of latently infected 
animals increased considerably from 15 to 26 per cent. However, 
the number of uninfected animals increased after vaccination from 
48 to 62 per cent. 

Taking into account the frequency distribution shown in Table 
3, the total losses were us$949 per cow in the unvaccinated group 
and us$807 in the vaccinated group. The benefits of vaccination, 
that is the total returns minus the costs, were on average us$142 
per culled cow. It is true that the costs for the uninfected and 
latently infected cows were higher in the vaccinated group 
(us$444 and us$210 respectively versus us$410 and us$1 l 1 in 
the unvaccinated group), but the frequency of subclinically and 
clinically infec;ted animals was considerably lower in the vacc
inated group, which is the major reason that vaccination was 
profitable. 

Discussion 

Paratuberculosis is difficult to diagnose in the various stages of 
the disease (Sprangler and others 1992) and a combination of tests 
was used to increase the reliability of detection. 

The unvaccinated and vaccinated groups were made compara
ble for age, calving season, month of lactation, and lactation 
length by correcting the lactations by factors derived from the 
Dutch Cattle Syndicate (NRs) (Wilmink 1987). Nevertheless it has 
not been proved that all the differences in milk production and 
lost future income could be explained by an infection with paratu
berculosis. Among the uninfected animals there were differences 
in costs between the unvaccinated and vaccinated group; the loss
es due to lost future income should be interpreted with caution. 

Benedictus and others (1987) observed a reduction in milk pro-

TABLE 3: Costs per average culled animal 

Cows per Total COSIS per Average 
subgroup (%) COW (US$) costs within 

(see Table 2) group (US$) 

Unvaccinated 
uninfected 47-5 864 410 
subclinically infected 26-1 922 241 
clinically infected 11-0 1698 187 
latently infected 15·4 719 _ 111 
total 100 949 

Vaccinated 
uninfected 62-3 713 444 
subclinically infected 10-7 1306 140 
clinically infected 0-8 1592 13 
latently infected 26-2 BOO 210 
total 100 807 

69 

27 50 18 50 97 

352 407 363 -96 139 
47 47 47 47 47 

907 919 857 768 614 
1306 1698 1592 719 800 

duction of 16 per cent in subclinically infected animals whereas, 
in this investigation, the reduction was only 4 per cent in the 
unvaccinated group and 13 per cent in the vaccinated group. One 
explanation might be that the subclinically infected animals used 
by Benedictus and others (1987) were at a later, almost clinical, 
stage of the disease. The 20-5 per cent reduction in milk produc
tion for the clinically infected animals was similar to the 19-5 per 
cent observed by Benedictus and others (1987). The 13 per cent 
reduction in the milk production of the vaccinated clinically 
infected animals may not have been due entirely to the vaccina
tion. These animals were culled, on average, before their third 
lactation, that is before the influence of paratuberculosis on milk 
production reaches its maximum (Collins and Nordlund 1991). 

The vaccination of the uninfected and latently infected animals 
appeared to reduce their milk production by 5-7 per cent and 7-0 
per cent, respectively, whereas there was hardly any reduction in 
the uninfected (0-6 per cent) and latently infected (-4-5 per cent) 
cows in the unvaccinated group. The reduction in milk production 
in the vaccinated group may have been due to the fact that older 
animals, like heifers, can still experience an infection with M 
paratuberculosis without getting the clinical form when they are 
older (Rossiter and others 1994). The vaccinated heifers which 
were infected may not have had any difficulty in resolving the 
infection and remaining uninfected or becoming latently infected, 
unlike the unvaccinated heifers, which may have had more diffi
culty in resolving an infection, and suffered a reduction in milk 
production. As a result, the vaccinated heifers had a higher milk 
production than the unvaccinated heifers (C. H. J. Kalis, personal 
communication). The correction of the last lactation of a vaccinat
ed, uninfected or latently infected cow in relation to its lactation 
as a heifer thus seems to result in a greater reduction in milk pro
duction in the vaccinated group. 

Vaccination did not seem to reduce the incidence of infection 
with M paratuberculosis, as was shown by the large number of 
latently infe<;.ted animals in the vaccinated group. However, vacci
nation did reduce the incidence of severe clinical infections. 
Subclinically and clinically infected animals had much higher 
costs than latently infected animals, us$203 and us$979 respec
tively, in the unvaccinated group, and us$506 and us$792 respec
tively, in the vaccinated group. Since vaccination reduced the 
incidence of subclinically and clinically infected animals consid
erably, the eradication of paratuberculosis would be highly prof
itable, and vaccination could contribute to the process. 

On the farms used in this investigation 11 per cent of the ani
mals were clinically infected before vaccination. Even if the level 
of infection had been only 5 per cent, the benefits of vaccination 
would still haye been us$83 per head. 

Farms that vaccinate are not allowed to export live animals. 
The calculated benefits of vaccination will, however, on average 
easily outweigh the potential losses from such a restriction. For 
example, if 10 per cent of the heifers were exported at an average 
price of us$1390, then the us$142 benefit from vaccination would 
outweigh the losses from the export restrictions . 
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Abstract 

Velogenic viscero<ropic Newcastle disease (vvNCD), which is endemic in Cambodia, can be 
prevented in theoty by a combination of biosccurlty and immunization of broiler flocks. The 
relative contnoution of appropriate biosecurity and effective vaccination was qwmtified at the farm 
level, applying reali&tic projections for capital investment, fixed and variable production costs and 
losses following infection. Non-protected broiler flocks generate a loss when lhe probability of 
vvNCD infection exceeds 0.4. Applying both biosecurity and effective vaccination would sustain 
profitability up to a probability of exposure of 1.0. The benefit to cost ratios for alternative 
strategies were evaluated for a range of probabilities of exposure to vvNCD extending from 0.1 to 
1.0. The benefit-to-cost ratio for biosecurily exceeded unity at a risk of exposure exceeding 0.1, and 
0.2 for vaccination and lhe combination of vaccination and biosecurity respectively. A sensitivity 
analysis demonstrated lhat lhe efficiency of protection, feed cost, and financial conseqnenccs of 
infection markedly affected lhe projected benefit-to-cost ratios associated with aJtemativc methods 
of prevention. «:) 1998 Elsevier Science B.V. 

Keywords: Chicken-microbiological diseases; Cost-benefit analysis; Newcastle disease; Vaccination biosecur· 
ity; Cambodia 

1. Introduction 

Effective control of endemic velogenic viscerotropic Newcastle disease (vvNCD) in 
tropical countries is critical to the profitable production of commercial chickens. Direct 

• ~nding author. Tot: +l 504 346 3335; fax: +1 504 346 3331; e-mail: smshane@vt8200.vctmcd.(. 
su.cdu 
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and indirect contact with backyard flocks (which serve as reservoirs of the virus) results 
in infection of the broilers, replacement breeding stock and egg-production pullets. 
Newcastle disease (NCO) is a major restraint to attaining acceptable production levels in 
priv.ately owned commercial enterprises and cooperative village units (Sinurat et al., 
1993). Under practical conditions in rural and peri-urban areas in Southeast Asia, options 
for control of vvNCD include vaccination (Spradbrow, 1994), biosecurity (Wahid, 1981), 
or their combination (Rusdi and Sumardi, 1981). 

The development of an appropriate prevention strategy requires an analysis of relevant 
costs and benefits (Dijldmiz.en et al., 1995) and a projection of gains derived from 
preventive action (Power and Harris, 1973). Previous studies analyzing the economics of 
disease control have used partial budgeting, gross marginal analysis, and welfare 
economics. Partial budgeting can be applied to measure changes in income and 
expenditure associated with a production plan (Boeblje and Eidman. 1984). Gross margin 
analysis allows comparison of different strategies within a .given time period with defined 
probabilities of exposure to disease (Martin et al., 1987). Costs affecting the revenue of 
individual farms are relatively easy to calculate or predict (Mcinerney and Turner, 1989). 
In contrast, the social costs of disease including expenditure by the public sector ori 
control (Putt et al., 1988) and escalation in purchase price to the consmner are more 
difficult to determine (Mcinerney et al., 1992). Analysis of benefit-to-cost ratios 
associated with alternative approaches to disease control can be used to guide the 
allocation of resources. and to define policy (Miller et al., 1996). The social benefit of 
controlling poultry disease in . a country such as Cambodia may be analyzed using 
techniques of welfare economics which quantify how changes in programs affect 
producers, consumers and public well-being. Welfare economics can relate . endemic 
vvNCD to the increase in the selling price to consumers following a reduction in the 
supply of poultry. The demand for live broilers and eggs in Cambodia may be regarded as 
relatively elastic in the short term. Infections such as vvNCD and highly pathogenic 
infectious bursal disease (vvll3D) impose additional costs to consumers and reduce the 
per capita intake of protein. 

In a country with endemic vvNCD, effective prevention reduces direct losses to 
producers and generates potential opportunity benefits. Reduction in supply to urban 
markets as a result of seasonal outbreaks of vvNCD increases the unit selling price of 
eggs and live birds. Producers with effective disease control ptocedilres benefit from 
enhanced revenue at the expense of farmers who experience flock losses. A simulation 
study on the economic impact of the potential introduction. of vvNCD into Australia 
demonstrated that effective control and preventive measures could justify importation of · 
poultry meat (Rafi et al., 1994). This conclusion wa,s based on the value of total consumer 
and producer surplus, which exceeded the cost of eradicating and controlling possible 
limited outbreaks of vvNCD. 

Agriculture is the most important sector of the economy · of Cambodia representing 
47% of 1991 real gross domestic product and 85% of total employment (Food and 
Agriculture Organization, 1994). Statistics processed by the central government 
(Department of Animal Production and Health (1995), Cambodia, 1995) confirm 
stagnation in chicken population which remained at 10 million birds during the period 
1987 to 1993. The disparity between the 4.4% annual population growth rate and lack of 
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expansion in poultry production has led to a shortage of adequate dietary protein 
of animal origin. A study conducted by an international agency concluded that vvNCD 
was principally responsible for up to 80% mortality in immature backyard and 
cooperative village-owned, confined flocks in Cambodia (Food and Agriculture 
Organization, 1994). 

Comprehensive control measures are required to suppress vvNCD. These include 
extension activities at the village level and implementation of biosecurity and 
vaccination, especially in the small-scale commercial units being established by 
entrepreneurs and cooperatives. This study was undertaken to quantify the financial 
impact of vvNCD on commercial broilec farms and to apply benefit-cost analyses to 
predict the outcome of alt.emative prevention strategies including vaccination and 
biosecurity. 

The objective of this study, applying partial budgeting and benefit-cost analysis, was to 
determine vvNCD prevention strategies that maximize expected profits and returns per 
dollar of investment for limited-scale. commercial broiler units in Cambodia. 

2. Materials and Methods 

2.1. Asswnptions 

Production parameters (including stocking density, feed conversion and growtli rates 
and age at live sale) were ascertained for a typical 2000 broiler unit in Cambodia, based 
on an informal survey carried out by a representative of an international aid agency 
assigned to the country (pers. comm., C. Bartels, 1994). Assumed values for mortality 
and degradation of performance in flocks infected with vvNCD are based oxi the 
experience of the first two authors in Southeast Asia and Southern Africa respectively. 
These values and the corresponding perf ormaJice for uninfected farms are shown in 
Table l. 

Table 1 . 
Assumed prodaction parameters for a coopmti?c ~ growing farm: in clrobodia, produciug at a level af 
2000 bird&/batcb, nscd in modelling the bcnefit-UH:ost ratio of 5 competillg velogenic visccrotropic Newcastle 
disease (vvNCD) prevention strategics 

Allowance for culls and mortality(%) 
Maximum age at sale: (days) 
In~-cycle period (day&) 
Total length of production cycle (days) 
Number of cycles per amrum 
Stocking density (birds/nr) 

Cumulative ~ ~on efficiency at 50 days of age 
Lil'C-wcight a! sale: (kg) 
Average birds produced per cycle 
Orick cost ($US) 
Feed cost (SUS/ton) 
Live-weight revenue ($USl1:g) 
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vvNCD-Uil.infected 

10 
50 
10 
60 
'6 

12 
2 
l.S 

2000 
0.3 

200 
l.S 

vvNCD-iDfocted 

70 
50 
10 
60 

6 
12 
2.S 
1.2 

660 
0.3 

200 
1.5 



286 S. Sen et aL/Preventive Veterinary Medicine 35 (1998) 283-295 

Tuble 2 
Vaccination program for broilers at high risk of vvNCD" and vvIBDb in Cambodia . . 

Vaccine 

Atteaaated NCD Vaccine (Hitchner of V4 strain) 

and inactivaled NCD oil emulsion 
Attennated intamedia!e strain IBD, and 
inactivated IBD oil emulsion 
Attenualed NCD vaccine (Hitclmer strain) 

Age Route 

Day old Eye drop Subcutaneous at hatchery 
or delivery 

8 days Eye drop Subcutaneous at farm 

20, 30, 40 days Coa= spray 

• vvNCD = Velogenic, viscetptropic Newcastle disease. 
b vvIBD = Very virulent infectious buI1l3l disease. 

Capital and operating costs and the selling price for live broilers were obtained from 
personal contact with farmers by the senior author and were consistent with a 1994 
United Nations swvey of Cambodian agriculture · (Food and Agriculture Organization. 
1994). Input costs and market prices assume an exchange rate of 2500 Riels (Cambodian 
currency) to $US 1. The benefits associated with reduced risk of vvNCD infection were 
projected for hypothetical situations before and after initiating preventive programs. 
Strategies to prevent or suppress vvNCD comprised vaccination (Table 2) and biosecurity 
alone and their combination. Preventive strategies were classified according to three 
levels of intensity, each with corresponding levels of protection efficiency (Table 3). This 
was defined as one minus the probability of infection in flock exposed to vvNCD virus. 
The assumed costs of implementing each of the vvNCD prevention strategies for each 
broiler cycle are presented in Table 3. 

The cost of comprehensive vaccination ($330/cycle) includes purchase and storage of 
both attenuated and · inactivated commercial vaccines manufactured according to 
international standards of efficacy and safety, labor required for administration and a 
provision for limited serologic assay to confirin the antibody response to vaccines. The 
cost of enhanced biosecurity ($103/cycle) represented the per cycle proportion of the 
fixed costs of erecting a 2 m high wire fence with sec~ gates around the production 
unit to prevent trespass and to exclude backyard pouitry. The farm operator would 
purchase a supply of coops to obviate entry within the fenced area by live bird traders. In 
addition, the biosecurity provision · incorporates expenditure on disinfectants to 

Tobie 3 
Altemativc strategies for preventing vvNCD" and their associated protection efficienciesb aild costs to a 
cooperative broilec-growing fmm in Cambodia, prodacing 2000 5 biitls/cycle in the absence of vvNCD 

No proteetion 
Vaccination 
Biosecurity 
Combination of vaccination and biosecurlty 

A&SWDcd protection 
efficiency . 

() 

70% 
50% 
95% 

Assumed.cost per cost 
per cycle ($US) 

0 
330 
103 
433 

• vvNCD = Velogenic, viscertoropic Newcastle disease. 
b One mimls the probability of di.,ease, expressed as a %, folowing exposure to vvNCD virus. 
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Table 4 
Assumed capital and fixed costs of a cooperative broiler growing farm in Cambodia. producing 2000 birds/batch 

Category Total value ($US) Annual depreciation 

Rate(%) Cost ($US) 

Housing 8400 10 840 
Equipment 610 20 122 
Site improvements 312 10 31 
IDstalJatioDS 1500 20 300 

Total 10822 1293 

• Depredation = (total valnc-salvage}-;-fimctional life (years); Salvage=O. 
b Annual intcrest=(total value) X 0. 12. 

Annual interest" 
at 12% ($US) 

1008 
73 
37 

.180 

1298 

decontaminate the premises and equipment at the end of each cycle and to provide 
protective clothing and footwear for farm workers. 

2.2. Capital cost 

Capital costs (mcluding housing. equipinen~ site improvements, and transportation) 
required for operation of a broiler farm in Cambodia are shown in Table 4. An annual 
interest rate of 12% (based on the bank rate in 1994) was incorporated into the 
calculations. The functional life of broiler houses and associated instillations was 
assumed to be 10 years and is reflected in an annual depreciation rate of 10%. Equipment 
and installations were assumed to have a functional life of 5 years, arid · an annual 
depreciation rate of 20% was applied. · 

2.3. Simulation of operating costs and revenue 

Operating costs (including both fixed ·and variable components) were projected for 
each scenario (Table 5). Fixed costs comprised administrative overhead, annual interest, 
depreciation, and worldng capital. Variable cos.ts included c;hickens, feed. labor, vaccines, 
medication, disinfectants, utilities, and fuel required to grpw broilers. 

The loss incurred following vvNCD infection was projected in relation to the risk of 
exposme and the efficiency of protection. The following calculations quantified the 
average projected income or loss associated with vvNCD exposure: 

[l] Average profit per cycle (NCO-uninfected) at a specific probability of 
exposure=profit per cycle in which the flock remains uninfected x { 1-[(probability 
of exposure) x(l-protective efficiency)]}. 
[2] Average Joss per cycle (NCO-infected) at a specific probability of exposure=Joss 
per cycle for a flock becomes infected x probability of exposure x (I-protective 
efficiency). , 
[3) Expected profit Ooss) per cycJe=[IJ + [2]. 

The expected profit or loss from broiler flocks subjected to each hypothetic;µ situation 
was calculated by applying relevant values for the probability of exposure and level of 
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Table 5 
Operating costs, revenue Bild profit (loss) with and without vvNCD" infection for a cooperative broiler growing 
farm in Cambodia, producing 2000 biros/ batch without vvNCD 

Category Cost per production cycle ($US) 

NCD-uniafcctcd NCO-infected 

FIXcd operating cost 
Administ:ralion overhead $100 $100 
Amrua.l interest 216 216 
Amlual depreciation 216 216 
Worlcing capital 332 332 
Subtotal 864 864 

Variable operating cost 
Chick cost 660 660 
Feed cos 1242 784 . 
Labor C06t 300 300 
Vaccine 66 0 
Medication 50 ISO 
Disinfectant 84 118 
Utilities and fuel 50 so 
Subtotal 2452 2062 

Total operalmg cost 3316 2926 
Total revenue $4550 $1188 

Profit (loss) $1234 ($1738) 

Live-weight produced (kg): 3000 792 
Unit live-weight costs: 41.11 $3.69 
Unit live-weight profit $039 ($2.19) 
(loss) 

• vvNCD = Vclogenic visce:rotropic Newcastle disease. 

protection as provided by each of the three alternative preventive strategies (vaccination. 
biosecurity, or their combination). 

2.4. Benefit-to-cost ratios 

The benefit-to-cost ·ratio for each of the three protection strategies was calculated to 
evaluate the contnoution of each of the alternative programs. These values comprised the 
ratio of projected income accniing from each preventive strategy compared to non
protected flocks divided by the incremental costs incurred by the specific level of 
protection. 

The benefit to cost ratios were derived using the following calculations: 

[4) Benefit attributed to a given level ·of protection = expected profit derived from 
applying the level of protection (less cost of protection (Table 3), minus the expected 
revenue from non-vaccinated flocks with conventional management omitting 
protection against vvNCD. 
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[5] Benefit to cost ratio for a given level of protection = [4] -;- by the additional cost 
inctnTed by the specific protection strategy (Table 3). 

2.5. Sensitivity analysis 

A series of calculations was performed to determine the effect of changes in assumed 
costs of feed inputs, level of mortality resulting from infection and efficiency of the 
protection levels on the financial outcome from each of the alternative prevention 
strategies. 

3. Results 

3.1. Financial impact of Newcastle disease on broiler production 

The production costs for uninfected and vvNCD-infected broiler flockS were applied to 
quantify the change in average variable costs as a result of mortality and other effects of 
exposure to vvNCD. The reduction in production volume in infected flocks raised the 
estimated average cost per kg produced although fixed costs remained unchanged. Total 
variable costs decreased in infected flocks because of the reduction in total feed 
consumed as a result of vvNCD mortality, which usually occurs at 2 to 3 weeks of age in 
the production environment in Cambodia. Table 5 depicts the operating costs and 
expected Joss following vvNCD infection of a broiler flock. Mortality and depression in 
live-weight of survivors has a substantial impact on revenue and profiL The expected 
profit per cycle associated with increased risk of exposure to vvNCD (fable 6) 
ranges from $1234/cycle without infection to a loss of $1738 following exposme in 
the absence of a prevention program which was assumed to always result in infection 
of the flock. 

3.2. Effect of alternative preventive strategies 

Toe expected profit derived from each of the three protection strategies was calculated 
in relation to the risk of vvNCD exposure of broiler flocks ranging from zero to 1.0 in 
increments of 0.1. Without protection, loss occurred when the probability of exposure 
exceeded 0.4 (Fig. 1). Implementing prevention procedures would extend the break-even 
point. allowing farmers to earn a profit despite the increased probability of exposure. 
Protective strategies (including vaccination or biosecurity alone or their combination) 
sustained profitability up to a probability of exposure between 0.7 and 1.0, depending on 
the selected strategy. . 

The benefit-to-cost ratios for the relevant preventive strategies are shown graphically in 
Fig. 2. At a risk of exposure greater than 0.2, the benefit-to-cost ratio of all three 
alternative strategies exceeded Uility. The benefit-to-cost ratio of enhanced biosecurity 
exceeded unity with a probability of exposure above 0.1. The value of biosecurity relative . 
to vaccination in terms of benefit-to-cost ratios is indicated by the approximately 
equivalent ratios for vaccination and combined vaccination and biosecurity and the 
improved ratios estimated for enhanced biosecurity alone. 

78 



290 S. Sm et al.I Preventive Veterinary Medicine 35 (1998) 283-295 

Table 6 
Benefit-cost ratios of three altelliative vvNCD* prevention strategies for a cooperative broiler growing farm in 
Cambodia, prodncing at a level of 2000 birds/batch 

Protection Probability of exposure 

0 0.1 0.2 0.3 0.5 0.7 0.9 

No Avaage profi?i"' $1234 Sllll $987 $684 $617 $370 $123 
Protection Avaage NCO loss< 0 (174) (348) (521) (869) (1217) (1564) 

&pecb:d profit Oossl° 1234 937 639 343 (252) (847) (1441} 
Vaccination Expected profit Ooss)d $904 $815 $726 $637 $458 $4890 $102 

Expected benefit• 0 208 416 624 1040 1456 1872 
Benefit-cost ratio' 0 0.63 1.26 1.89 3.15 4.41 5 .67 

Biosecurity Expected profit Ooss) $1131 $982 $834 $685 $388 $91 ($206) 
Expected benefit 0 149 297 226 743 1040 1337 
Beuefit-<:<>st ratio 0 Li 1 2.88 433 7.21 10.10 12.98 
Expected profit Ooss) $801 $786 $771 $756 m1 $697 $667 
Bipected benefit 0 282 565 847 1412 1976 2541 

Vaccination Bcndit-<X>St Illtio 0 0:65 1.30 1.96 3.26 4.56 5.87 
and biosecurity 

• vvNCD = Vclogcuic viacerotropic Newcastle disease. 
b All monetacy values arc $US per production cycle. 
c Calculated as defined in the text 
d net of cootrol cost. 
• Expected bendit=xpected profit at specified protection level + cost-expected profit at protection level 0. 
t Wnh respect to Protection Level 0. 

1,500 

1,000 

II) 500 ::> .... 
• 0 
II 
0 
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~ 
t. (1 ,000) 
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(2,000) O 

( 

.2 .4 .6 .8 
Probability of exposure 

No- · ----only --mo...a.ttr .., 
----- .ond 

Bio,ecurity 

--><-

1.0 

Fig. l. Expected net profit (loss) in $US for 2000-birdlbatch commercial broiler-growing farm in Cambodia at 
probabilities of exposure to velogenic visccrotropic Newaistle disease ranging from Oto 1.0. Profit Oos.s) curves 
are shown for a farm applymg one of four lc:vels · of disease prcveutioo: none; effective vaccination only; 
appropriate bfosecurity only; or a combination of vacciDation and enhaDced biosecurity. 

3.3. Sensitivity analysis 

Fig. 3 shows the-effect of changing feed price (ranging from $US 180 to $US 220/ton) 
and broiler mortality (ranging from 60% to 80%) on the probability of exposure without 
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Fig. 2 Estimated bcnefit-t~ ratios for a 2000-bird/balcli colDIDClcia1 broiler growing farm in Cambodia 
at probabilities of exposm:e to velogellic visccrolropic Newcastle disease ranging ·from O to 1.0. Ratios are 
shown for fmm employing ooe of ~ levels of disease pl'CVcution relative to no additional disease 
prevention: effective vaccination only; enhanced biosecurity ooly. or a combination of vaccination and enhanced 
biose:curity. 
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Fig. 3. Probability of exposure to vclogeaic viscerotropic Newcastle disease cmrespooding to the break-even 
point fur a 2000-bird/batch commercial broiler growing farm in Cambodia with various feed costs and mortality 
in a flock exposed to vvNCD. 

protection, as measured by the break-even risk of exposure. Both escalation in feed cost 
and elevation in vvNCD mortality reduced the probability of infection associated with the 
break-even point, but cost of feed was comparatively more important -At a feed cost of 
$US 180/ton, and 70% mortality, a 0.45 propability of exposure resulted in a break-even 
situation. An increase in feed cost to $US 220/ton reduced the probability of exposure at 
break-even to 034. Similarly, increasing the flock mortality due to vvNCD from 60% to 
80% at any given feed cost reduced the break-even probability of exposure. The impact of 
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Fig. 4. ~bability of exposure to velogenic visccmbopic Newcastle disease corresponding to a benefit--to--rost 
ratio of unity for a 2000-bird/batch commercial broiler growing fiu:m in Cmnbodia midcr a range of a.s.wmcd 
protection efficieucies for each of thn:e diseaBc prevention Slndcgics relative to no diSCllC pn:vention; effective 
vaccination only; appropriate biosccurity only; combination of vaccination and enhanced biosecurity. Arrows 
uilicate the protection efficiency initially modelled. 

vvNCD on the broiler enterprise in Cambodia was only moderately sensitive to input 
costs and the level of mortality resulting from outbreak. 

The probability of exposure which generated a benefit'-to-cost ratio of uility for the fom 
different protection efficiencies was calculated for each of the prevention alternatives 
(Fig; 4). The probability of exposure associated with a benefit-to-cost ratio of unity is 
inversely proportional to the efficiency of any preventive strategy. However, the 
probability of exposure when the benefiMo-cost ratio equals unity was only moderately 
influenced by downward revision of the assumed efficiency of protection for each of the 
three prevention strategies. 

4. Dfscusgon 

Newcastle disease is the most important infection of chickens in Southeast Asia, 
especially ainong non.:confined village flpcks and backyard birds (Spradbrow, 1994). 
Since control of vvNCD in these populations with vaccination is difficult to achieve. there 
is _ constant spread of virus from · reservoirs to commercial chicken flocks. Reducing 
contact between commercial flocks and village chickens through enhanced biosecurity 
lowers the risk of lateral infection. The ~hniques evaluated in this study quantify the 
efficiency of alternative approaches including combinations of biosecurity and 
vaccination to control vvNCD in broiler farms in Cambodia. The value of $330/cycle 
for ·effective vaccination (Table 3) include purchase of 4 doses of attenuated NCD 
vaccine, · one dose each of inactivated NCO and IBD vaccines and a single dose of 
attenuated inter.mediate strain IBD vaccine. It is considered necessary in the countries of 
Southeast Asia to provide comprehensive protection against the highly imniunosuppres-
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sive and pathogenic vvIBD virus to achieve a satisfactory antibody response NCD 
vaccination. The combination of live attenuated and inactivated oil emulsion vaccines, as 
shown in Table 2, although expensive and requiring manual labor for administration, is 
highly effective in protecting flocks from the two catastrophic diseases which are 

. endemic in the region. For the purpose of the simulation an attenuated Hitcbner B 1 strain 
NCD vaccine was selected, based on availability, quality, and efficacy when purchased 
from a supplier manufacturing in accordance with USDA or EC standards. The heat
stable V4 strain (Spradbrow, 1994) could be substituted but the differential in cost using a 
product derived from a reputable supplier would be minimal in relation to the expenditure 
on Hitchner BI NCD. The V4 vaccine bas been shown to be highly effective in reducing 
losses due to vvNCD in free-ranging and village flocks in developing countries. This is 
due to the tolerance of the NCD mutant to heat and the ease of administering the vaccine 
by the oral route in a feed pellet. 

Expenditure on prevention of NCD must be considered in relation to the risks 
and consequences of . disease exposure (Gifford et al., 1987). The provisional 
projections of the financial impact of vvNCD and the increase in revenue from 
alternative prevention programs define the limits of expenditure to achieve acceptable 
benefit-to-cost ratios. 

The combination of enhanced biosecurity and improved vaccination provided the 
maximum protection and hence profit to producers at probabilities of exposure ;?:0.3 
compared to the two other preventive · strategies. At probabilities of exposure <0.30, 
enhanced biosecurity alone offered maximum profit to producers. Biosecurity alone was 
the most financially efficient strategy resulting in the highest benefit-to-cost ratio at a 
probability of exposure ~0.1. This is because costs associated with this level of 
protection were lower than those associated with the alternatives. 1be · benefit-to-cost 
ratios relating to efficient vaccination, biosecurity, and the combination of vaccination 
and biosecurity were all directly and positively influenced by risk (probability) of 
exposure. The incremental revenue values serve as a guide to select a model program to 
prevent vvNCD. Any change in the market price of broilers or in production costs 
resulting · from macro- economic factors or variation in production parameters would 
modify the benefit-to-cost values associated with pre.vention programs. 

It is nnlikely that small shifts in the probability of exposure can be reliably estimated 
under field conditions. These results are insensitive to deviations in feed cost and vvNCD 
mortality within the ranges selected in this analysis. It naturally follows that expected 
profits and benefit-to-cost . ratios associated with the three alternative protection levels 
will follow these results proportionately. 

Projections confirmed the inverse relationship between protection efficiency afforded 
by the alternative strategies and the level of exposure which justifies implementing the 
prevention strategy. Qualitatively, the shifts· in assumed protection efficiency would not 
alter decisions with respect to the implementation of enhanced biosocurity. Protection 
provided by vaccination alone or vaccination in combination with biosecurity may alter 
the relative benefits, depending on the assumed efficiency of protection'provided by each 
componenL The return from effective prevention of vvNCD on individoal broiler farms 
could be enhanced by obtaining increased revenue for broilers following regional or 
national outbreaks of disease which disturb the supply-demand equilibrium. Paucity of 
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data (input costs, selling prices of competing products, inflation, and quantity of chickens 
consumed during the past 5 years in Cambodia) has precluded a specific analysis of 
opportunity benefits resulting from an efficient vvNCD prevention program for 
commercial broiler farms. 

Welfare analysis relating to the impact of vvNCD on chicken production requires an 
estimation of demand and supply functions and prices for eggs, poultry meat, aild 
competing items; Projection of demand based on consumption data in Cambodia over five 
consecutive years is unavailable. This study was, therefore, confined to financial values 
relating to farm production and did not incorporate the economic cost of vvNCD 
associated with the public sector · or the losses to society. 

5. Conclusion 

The results of this analysis contribute to an understanding of the financial impact of 
vvNCD in the broiler, egg and duck industries of developing nations. The structured 
evaluation of alternative prevention strategies as presented, can be used to select 
appropriate combinations of vaccination and biosecurlty under a wide range of 
probabilities of exposure and for different situations relating to production cost and 
income. Based on the assumptions made in the foregoing analyses, expected profit is 
maximized by . the implementation of a combination of enhanced biosecurity and 
vaccination. The . greatest return on investment is potentially realized by enhancing 
biosecurity. A combination of vaccination and biosecurity is the most appropriate vvNCD 
preventive strategy for cooperative and entrepreneurial-owned commercial broiler farms 
in Cambodia and Southeast Asia. 
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RESUME ET MOTS-CLES 

RESUME: 
Apres avoir restreint l'etude des approches globales en economie de la sante a ses deux 
composantes principales en medecine veterinaire : l 'analyse cout-efficacite et l 'analyse cofit
benefice, l'auteur expose les etapes methodologiques de leur realisation. 
Le detail des parametres initiaux ainsi que celui de la liste des cofits et benefices a etablir 
prealablement a tout calcul est expose. Les techniques economiques permettant le passage a la 
valeur monetaire et !'evaluation de l'acceptabilite d'un projet sont aussi revues. 
L'etude critique de quatre articles permet ensuite d'en illustrer Jes applications actuelles mais 
aussi les limites dans leur mise en reuvre pratique et dans le domaine de la recherche. 

MOTS-CLES : economie, sante animale, analyse cofit-efficacite, analyse cofit-benefice, 
programme de lutte. 
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