
Questions posées par l’auditoire du Webinar du professeur Nicolas MEDA (Pr. NM). 

Question 1 : 

- Quels sont les modèles qui servent de base à l'affirmation que le maintien d'une couverture 

thérapeutique de plus de 80% à l'ivermectine pendant plus de 10 ans associée à une 

couverture géographique de 100% dans une population donnée permettraient d'éliminer 

l'onchocercose en tant que problème de santé publique?  

Réponse : 

- Pr. NM  - Le modèle de prédiction : il s'appelle ONCHOSIM et je joins une série de papiers 

pour les étudiants qui veulent approfondir (cf. Documents 1 à 5 joints en annexe). Le 

document 1 donne à la page 11 sur le tableau 1 des données très précises. 

- 

Question 2 : 

- Quelle a été la plus grande difficulté rencontrée dans la mise en œuvre de cette recherche 

sur le terrain? 

Réponse : 

- Pr. NM - La plus grosse difficulté de terrain : c’est la taille des villages. Les estimations de 

population obtenues à partir des bureaux pour l’échantillonnage sont toujours sous-

estimées voire parfois surestimées. Sur le terrain vous vous retrouvez avec des villages de 

2000 habitants alors que d’après les démographes les villages en Afrique doivent avoir 

environ 500 à 1000 habitants soit environ 100 à 150 ménages. La solution peut être dans 

les bureaux de segmenter les villages avec la taille raisonnable de 500 habitants pour faire 

l’échantillonnage. Mais sur le terrain vous êtes toujours obligés si la sélection tombe sur un 

gros village de recenser toutes les concessions de ce village et de sélectionner ensuite les 10 

concessions dans lesquelles l’enquête sera menée. Ce recensement peut s’avérer fastidieux. 
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Introduction


L’onchocercose était dans le passé un 
problème important de santé publique en 
Afrique (figure 1), avec plus de 37 millions de 
personnes infectées et des millions souffrant 
de la maladie cutanée débilitante, de terribles 
démangeaisons, de troubles de la vision et de 
la cécité. Mais la situation épidémiologique 
s’est spectaculairement améliorée au cours 
des deux dernières décennies. Le traitement à 
l’ivermectine sous directives communautaires 
a effectivement maîtrisé la maladie dans 
la plupart des zones endémiques où 
l’onchocercose n’est plus un risque pour la 
santé publique.


Des études récentes menées en Afrique de 
l’Ouest ont montré que dans le long terme, 
l’on pouvait faire encore plus par le traitement 
à l’ivermectine: l’élimination du parasite 
et de la transmission semble possible dans 


beaucoup, sinon toutes, les zones affectées, de 
sorte que le traitement peut par la suite être 
finalement arrêté. Sur la base de ces derniers 
nouveaux résultats, le Conseil d’Administration 
du Programme africain de lutte contre 
l’onchocercose (APOC) a chargé le Programme 
de déterminer quand et où le traitement à 
l’ivermectine peut être arrêté sans risque et de 
donner des instructions aux pays sur la manière 
de se préparer à arrêter le traitement là où cela 
est faisable.


L’élimination de l’onchocercose par le traitement 
à l’ivermectine est une question complexe, 
et l’on a encore beaucoup à apprendre à 
ce sujet. Ce document présente une vue 
d’ensemble de l’état actuel de l’art et décrit les 
principales questions conceptuelles et des défis 
opérationnels impliqués dans l’élimination de 
l’onchocercose par le traitement à l’ivermectine. 


Figure 1 Avant-intervention: Zones où l’onchocercose était un problème de santé publique 







C
A


D
re


 C
O


n
Ce


PT
u


eL
 e


T 
O


Pé
r


AT
IO


n
n


eL
 D


e 
L’


éL
IM


In
AT


IO
n


 D
e 


L’
O


n
Ch


O
Ce


rC
O


Se
 P


A
r 


Le
 T


r
A


IT
eM


en
T 


à
 L


’Iv
er


M
eC


TI
n


e


6


Infection, maladie et transmission


L’onchocercose est causée par un ver filarien, 
l’Onchocerca volvulus, qui infecte uniquement les 
êtres humains. Les vers adultes se logent dans des 
nodules sous la peau des personnes infectées et ils 
peuvent y vivre jusqu’à 14 ans. Ils produisent des 
milliers de petits microfilaires qui se déplacent à 
travers la peau du patient et qui sont responsables 
des principales complications cliniques de la 
maladie dues aux réactions inflammatoires 
provoquées par la présence des microfilaires dans 
la peau et dans les yeux. L’intensité de l’infection 
est un facteur important de risque: plus le nombre 
de vers adultes est grand, plus le nombre de 
microfilaires est élevé et plus grave est la maladie.


Le parasite est transmis par des simulies qui 
ingèrent les microfilaires au cours d’un repas 
de sang prélevé sur une personne infectée et 


réinjectent certains de ces parasites après qu’ils 
se soient transformés en larves infectieuses, 
dans une autre personne lors du repas de sang 
suivant. Plus le nombre de simulies est élevé par 
rapport à la population humaine, plus forte sera 
l’intensité de la transmission, plus élevé le niveau 
d’endémicité (c.-à-d. la prévalence et l’intensité 
de l’infection au sein de la population humaine), 
et plus grave la maladie dans la communauté 
affectée. L’onchocercose est considérée comme 
étant un problème important de santé publique 
lorsque la prévalence des microfilaires dans 
la peau dépasse 40% au sein de la population 
totale d’une communauté, ou lorsque la charge 
microfilarienne communautaire (CMFC, une 
mesure de l’intensité de l’infection dans la 
communauté) dépasse 5 microfilaires par biopsie 
cutanée (mf/b). 


Figure 2 Principales étapes du cycle de vie de Onchocerca volvulus


Vers adultes


Maladie


Micro�laires


Larves
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Traitement à l’ivermectine 


L’ivermectine est un microfilaricide très 
efficace qui tue 99% des microfilaires en un 
seul traitement. Puisque les microfilaires 
sont la cause principale de la maladie, le 
traitement à l’ivermectine a un effet bénéfique 
immédiat. L’ivermectine ne tue pas les vers 
onchocerquiens adultes et la plupart des 
vers adultes recommencent à produire des 
microfilaires quelques semaines après le 
traitement, provoquant ainsi une remontée 
des charges microfilariennes. Cependant, 
l’ivermectine affecte la viabilité et la 
fécondité des vers adultes, si bien que le taux 
d’accroissement des charges microfilariennes 
est amoindri après chaque traitement. La 
figure 3 montre une simulation sur ordinateur 
de l’impact de quatre cycles annuels de 
traitement à l’ivermectine sur la prévalence 
et l’intensité des microfilaires sous-cutanés 
dans un village hyper-endémique qui avait une 
CMFC de 50 mf/b avant-intervention. Après 
chaque traitement, la prévalence rebondit 


rapidement, mais les charges microfilariennes 
grimpent beaucoup plus lentement et  jusqu’à 
des niveaux maximum inférieurs après chaque 
traitement. Après quatre traitements la CMFC 
reste en-dessous du seuil de 5 mf/b, indiquant 
que l’infection de l’onchocercose ne pose plus 
un risque significatif de santé publique dans 
cette communauté. 


En raison de la réduction des charges 
microfilariennes, la transmission sera également 
sensiblement réduite bien qu’elle ne sera pas 
encore interrompue au cours de la période 
des quatre ans. Néanmoins, les modèles de 
simulation par ordinateur prédisaient qu’à 
long terme l’interruption de la transmission et 
l’élimination du réservoir de parasites pourrait 
être possible par le traitement à l’ivermectine. 
Ces prévisions ont été faites dans les années 90, 
longtemps avant qu’il n’y ait eu aucune preuve 
empirique pour montrer que l’élimination 
était possible. 


Figure 3 Prédiction des tendances de la prévalence des MF et de la CMFC après un traitement annuel à l’ivermectine 
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Faisabilité de l’élimination


La première preuve empirique de la faisabilité 
de l’élimination de l’onchocercose par le 
traitement à l’ivermectine est maintenant 
apportée par des études menées dans trois 
foyers d’onchocercose au Sénégal et au Mali. 
Ces études ont montré qu’après 15 à 17 années 
de traitement (traitement annuel dans deux 
foyers et traitement semestriel dans un foyer), 
la prévalence de l’infection et l’intensité de 
la transmission étaient tombées en-dessous 


Figure 4 Prévalence de l’infection de l’onchocercose dans le foyer du �euve Gambie, au Sénégal 


Avant traitement 2–4 ans après le dernier traitement 2008
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des valeurs-seuil postulées pour l’élimination 
(voir l’exemple du foyer de la rivière Gambia 
illustré par la figure 4). Le traitement a alors 
été arrêté et les données de suivi pendant trois 
ans n’ont montré aucune preuve de nouvelle 
infection ou de transmission. Ces résultats ont 
fourni la première preuve que le traitement 
à l’ivermectine peut éliminer l’infection et 
la transmission de l’onchocercose, et que le 
traitement pouvait être arrêté sans risque.
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Cadre conceptuel de l’élimination


Une fois que l’étude conduite au Sénégal et 
au Mali avait fourni la preuve de principe que 
l’élimination par le traitement à l’ivermectine 
était faisable dans les foyers endémiques 
d’Afrique, il devint urgent d’examiner les 
implications de ces résultats pour la lutte contre 
l’onchocercose dans le reste du continent.  Un 
groupe international d’experts fut donc réuni en 
début 2009 pour passer en revue la situation de 
l’élimination de l’onchocercose en Afrique avec 
les outils actuellement disponibles, et identifier 
les questions critiques pour la réalisation 
de l’élimination dans différents contextes 
épidémiologiques. Le groupe d’experts a fourni 
une définition de l’élimination de l’onchocercose 
(voir encadré ci-dessous) et élaboré un cadre 
conceptuel qui a été plus tard affiné par le 
Comité consultatif technique de l’APOC.


Le cadre conceptuel est illustré dans la 
figure 5. Après le premier cycle de traitement à 
l’ivermectine dans un foyer d’onchocercose, les 
charges microfilariennes diminuent de façon 
spectaculaire, ce qui se traduit par une baisse 
significative du taux annuel de transmission. 
Après chaque cycle suivant de traitement, la 
charge microfilarienne moyenne est encore 
réduite et le niveau annuel de transmission 
continue à baisser. La population de vers 


adultes montre également une baisse, bien 
que beaucoup plus lente, en raison de la mort 
ou de la stérilisation naturelle ou induite 
par le traitement, des vieux vers, sans un 
renouvellement de la population. Ce processus 


Figure 5 Cadre conceptuel de l’élimination de l’onchocercose
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Définition de l’elimination de l’onchocercose


Réduction de l’infection et de la transmission à un 
niveau où les interventions peuvent être arrêtées, 
mais où la surveillance post-intervention reste 
toujours nécessaire 


Définition opérationnelle 


(i) (i)  Les interventions ont réduit l’infection  
et la transmission de O. volvulus au-dessous 
du seuil où la population du parasite est 
censée évoluer irréversiblement vers sa 
disparition/son extinction dans une zone 
géographique donnée;  


(ii) Les interventions ont été arrêtées;


(iii) La surveillance post-intervention pendant 
une période appropriée n’a démontré 
aucune recrudescence de la transmission à 
un niveau laissant supposer le rétablissement 
de la population de O. volvulus; et


(iv) Une surveillance complémentaire est encore 
nécessaire pour la détection opportune de 
toute récurrence de l’infection, s’il subsiste 
un risque de réintroduction de l’infection à 
partir d’autres zones.
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continue jusqu’à ce que la population fertile 
de vers adultes ait été réduite à des niveaux si 
faibles qu’elle évoluera irréversiblement vers 
son extinction, même en l’absence d’autres 
traitements à l’ivermectine. On dit que la densité 
du parasite tombe en-dessous de son « seuil 
critique « et le traitement à l’ivermectine peut 
alors être arrêté, signalant la fin de la phase 1.


Le concept de “seuil critique” est important 
du point de vue opérationnel: il signifie 
qu’il n’est pas nécessaire que l’infection et 
la transmission soient complètement à zéro 
avant que l’on puisse arrêter le traitement sans 
risque. Ce concept a été avéré dans la pratique: 
au Sénégal et au Mali, il restait plusieurs 
personnes testées positives de mf dans chacun 
des trois bassins évalués, mais lorsque le 
traitement a été arrêté, on n’a observé aucune 
reprise de la transmission et de l’infection. 
Le même phénomène a été observé dans le 
Programme de Lutte contre l’Onchocercose 
en Afrique de l’Ouest (OCP) où la prévalence 
de l’infection était toujours au-dessus de zéro 
dans chaque bassin où la lutte antivectorielle 
avait été arrêtée mais, là encore, la cessation 
de la lutte n’a pas conduit à une reprise de la 


transmission et l’infection s’est progressivement 
éteinte d’elle-même.


Dans la phase 2, le nombre de parasites 
est à présent si bas que toute transmission 
résiduelle est insuffisante pour permettre la 
survie de la population de parasites: tous les 
parasites restants ont une chance trop faible 
de reproduction efficace et en fin de compte la 
population de parasites s’éteint. Des évaluations 
épidémiologiques et entomologiques sont 
nécessaires pendant cette phase pour s’assurer 
qu’il n’y a aucune recrudescence de la population 
et de la transmission du parasite. Si ces 
évaluations ne montrent aucune recrudescence 
pendant au moins 3 ans, l’élimination est 
considérée comme confirmée. 


Dans la phase 3, après la réalisation de 
l’élimination, on a encore besoin de mettre 
en place un système de surveillance de 
routine pour la détection à temps de toute 
réintroduction possible de l’infection à partir 
d’autres zones où elle subsiste toujours. 
Théoriquement, cette troisième phase doit 
se poursuivre jusqu’à l’éradication globale 
de l’infection.
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Durée requise du traitement 


Pour réaliser l’élimination dans un foyer 
endémique de l’onchocercose, de nombreuses 
années de traitement à l’ivermectine sont 
nécessaires. Une des raisons de cet état de fait 
est que les parasites onchocerquiens adultes 
vivent très longtemps. Mais il y a d’autres 
facteurs qui déterminent combien d’années de 
traitement sont nécessaires dans un foyer donné. 
Un facteur critique est le niveau d’endémicité 
avant-intervention qui reflète la charge initiale 
de vers et l’intensité de la transmission avant-
intervention. Cette dernière dépend de la densité 
locale du vecteur et de l’intensité du contact 
hommes/vecteur, et est donc également un 
indicateur du potentiel local de transmission 
pendant et après la période d’intervention.  Plus 
le niveau d’endémicité avant-intervention est 
élevée, plus il sera difficile d’interrompre la 
transmission et de réduire la population du 
parasite à des niveaux négligeables. Un deuxième 
facteur critique est la couverture du traitement 
réalisée pendant la période d’intervention. 


Le tableau ci-dessous donne les résultats des 
simulations sur ordinateur réalisées avec le 
modèle ONCHOSIM qui montrent comment 
la durée nécessaire de traitement dépend du 
niveau d’endémicité avant-intervention et de la 
couverture du traitement. Si la CMFC avant-
intervention est de 10 mf/b, le modèle prévoit 
alors que 10 ans de traitement seront suffisants 
pour être sûr à plus de 95% de l’élimination. Mais 
si la CMFC avant-intervention est aussi élevée 
que 50 mf/b, le modèle prévoit qu’il faudra 20 
ans de traitement, avec une couverture de 80%, 
pour avoir une forte probabilité d’élimination. 
Ces simulations sont basées sur une version 
plus ancienne du modèle ONCHOSIM qui sera 
actualisé dans un proche avenir en utilisant 
les données d’évaluation de l’APOC. Mais les 
principes de base ne changeront pas: le niveau 
d’endémicité avant-intervention est un facteur 
très important qui doit être pris en compte dans 
la planification pour l’élimination et l’arrêt du 


traitement. De même, la couverture du traitement 
est critique. Le tableau montre les prévisions pour 
des couvertures de traitement de 65% et 80% (la 
plupart des projets APOC ont une couverture 
thérapeutique de cet ordre) qui montre qu’avec 
une couverture de 80% l’élimination peut être 
réalisée plusieurs années plus tôt qu’avec une 
couverture de 65%. D’autres simulations (non 
rapportées ici) prévoient que si la couverture 
tombe en-dessous de 50%, l’élimination pourrait 
ne pas être réalisable du tout. 


Les prédictions ci-dessus sont assez conformes 
aux données empiriques disponibles jusqu’ici 
sur l’élimination  de l’onchocercose dans les 
foyers endémiques d’Afrique. Dans un foyer « 
hypo « endémique de Guinée-Bissau (CMFC 
< 6 mf/b),  l’élimination a été réalisée avec 
seulement six traitements annuels. Les études 
menées au Sénégal et au Mali ainsi que les 
données d’évaluation rassemblées jusqu’ici 
par l’APOC suggèrent que l’élimination peut 
être réalisée dans la plupart des foyers après 
13 à 17 années de traitement annuel. La 
limite supérieure peut être de l’ordre de 20 à 
25 années pour les foyers ayant des niveaux 
particulièrement élevés d’endémicité. 


L’on présume souvent que si le traitement est 
administré plus fréquemment qu’une fois par 
an, l’élimination pourrait être réalisée dans une 
période plus courte, bien que l’on ne dispose 
actuellement d’aucune preuve empirique en 
Afrique pour soutenir cette hypothèse. La 
question critique, cependant, est de savoir de 
combien de temps la période de traitement 
pourrait être réduite et si un traitement plus 
fréquent serait rentable. Il faudrait entreprendre 
des études comparatives appropriées pour 
clarifier cette question. En attendant, l’APOC a 
l’intention d’utiliser sélectivement des stratégies 
de traitements plus intenses dans certaines  zones 
spéciales, par exemple pour le nettoyage des 
foyers résiduels. 


Tableau 1 Prédiction de la probabilité d’élimination de l’onchocercose par rapport aux niveaux d’endémicité 
avant-intervention, à la couverture du traitement et au nombre d’années de traitement requis


Niveau d’endémicité 
avant-intervention (CMFC)  


Couverture de traitement de 65% Couverture de traitement de 80% 


10 ans 15 ans 20 ans 25 ans 10 ans 15 ans 20 ans 25 ans


10 mf/b 0.950 1.000 1.000 1.000 0.995 1.000 1.000 1.000


30 mf/b 0.042 0.887 1.000 1.000 0.401 0.997 1.000 1.000


50 mf/b 0.000 0.116 0.825 0.993 0.003 0.678 0.988 1.000


70 mf/b 0.000 0.000 0.191 0.757 0.000 0.111 0.846 0.990


(codes des couleurs: Vert > 0,999, Jaune: 0,950 - 0,999, Blanc  < 0,950) 
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Quand arrêter le traitement: 
procédures d’évaluation et 
indicateurs


Dans chaque foyer endémique, il sera nécessaire 
d’évaluer les progrès accomplis vers l’élimination, 
de produire des résultats probants pour soutenir 
la prise de décision d’arrêter le traitement, et de 
s’assurer qu’il n’y ait aucune recrudescence de la 
transmission après la cessation des traitements.


Phase 1
Pendant la phase 1, des évaluations sont 
nécessaires pour étayer deux objectifs 
séquentiels: a). pour évaluer le déclin des 
niveaux d’infection vers les seuils critiques, et b). 
pour confirmer que le seuil critique a été atteint 
et que le traitement peut être arrêté sans risque.
 
1.a. evaluer le déclin dans des niveaux 
d’infection vers les seuils critiques
C’est la principale activité d’évaluation durant 
la majeure partie de la première phase. Elle 
consiste à mener des enquêtes épidémiologiques 
afin de déterminer les niveaux restants de 
l’infection par O. volvulus dans un échantillon 
de communautés d’un foyer endémique après 
un certain nombre d’années de traitement 
et à comparer les résultats avec les niveaux 
d’infection existants avant-intervention 
dans les mêmes villages afin d’évaluer la 
tendance vers les seuils critiques. Environ 10 
communautés témoins devraient être choisies 
parmi les localités à haut risque situées près 
de la rivière et des gîtes de reproduction du 
vecteur dans cette partie du foyer où les niveaux 
d’endémicité avant-intervention étaient les 
plus élevés. Ce devrait être des communautés 
pour lesquelles les données épidémiologiques 
d’avant-intervention (évaluation de biopsies 
cutanées ou données REMO) sont disponibles. 
Ces évaluations devront être faites 11 à 12 
mois après le dernier traitement et juste avant 
le prochain cycle de traitement à l’ivermectine. 
Jusqu’à ce qu’un nouvel outil de diagnostic 
de l’infection de l’onchocercose devienne 
opérationnellement disponible, les évaluations 
seront basées sur l’examen des biopsies 
cutanées en vue de déceler la présence et 
l’intensité des microfilaires dans la peau. Les 
principaux indicateurs sont la prévalence des 
microfilaires (mf), standardisée par âge et par 
sexe, et la CMFC. Les données de couverture du 
traitement devront être collectées pour chaque 
village témoin, y compris les informations sur 


la population totale du village et le nombre 
de personnes traitées chaque année selon 
les registres des DC. Il faudra demander aux 
membres de la communauté s’ils ont été traités 
durant le dernier cycle de traitement. Des 
informations complémentaires sur l’historique 
du traitement devraient être collectées à partir 
d’autres sources disponibles pour tous les cycles 
précédents de traitement à l’ivermectine, y compris 
tout traitement administré avant la période d’appui 
de l’APOC. Enfin, les coordonnées géographiques 
exactes de chaque village témoin devront être 
enregistrées à l’aide d’un GPS. 


L’interprétation des données d’enquête n’est 
pas simple. Comme mentionné plus haut, 
la durée nécessaire du traitement, et donc le 
temps nécessaire pour atteindre le seuil critique, 
change d’un foyer endémique à un autre selon 
leurs niveaux d’endémicité avant-intervention. 
Par conséquent, la tendance de réduction de 
la prévalence durant la période d’intervention 
variera également selon les niveaux d’endémicité 
et ceci devra être pris en compte dans 
l’interprétation des résultats d’enquête. Cela 
peut se faire en se rapportant aux prédictions du 
modèle ONCHOSIM sur les tendances attendues 
de la prévalence pour différents niveaux 
d’endémicité avant-intervention. La figure 4 
montre les tendances prévues de la prévalence 
des mf dans les foyers endémiques pour lesquels 
les niveaux d’endémicité avant-intervention 
varient d’une CMFC très faible de 3 mf/b à une 
CMFC très élevée de 70 mf/b. Cette figure illustre 
combien il est important de prendre en compte 
le niveau d’endémicité avant-intervention: après 
10 années de traitement la prévalence prévue est 
inférieure à 5% dans les foyers ayant une CMFC 
de 3-5 mf/b avant-intervention, mais supérieure à 
40% dans les foyers ayant une CMFC de 70 mf/b 
avant-intervention.


En se basant sur une comparaison des données 
d’évaluation observées et des tendances des 
prédictions, les résultats de l’évaluation sont 
d’abord classifiés pour chaque foyer comme étant:


■  Satisfaisant: la prévalence observée est égale 
ou inférieure à la prévalence de la prédiction 


■  Insatisfaisant: la prévalence observée est 
supérieure à celle de la prédiction 
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Années de traitement à l’ivermectine


Figure 6 Prédiction de la tendance de la prévalence après le traitement à l’ivermectine
(Simulations ONCHOSIM pour un traitement annuel à 70% de couverture)
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Dans les foyers ayant des résultats satisfaisants, 
les prédictions des simulations sur ordinateur 
peuvent être utilisées plus tard pour prévoir après 
combien d’années le seuil critique est susceptible 
d’être atteint.


1.b. Confirmer que le seuil critique a été 
atteint et que le traitement peut être arrêté 
sans risque
Lorsque le seuil critique prédit est atteint, 
plus d’enquêtes devront être effectuées pour 
s’assurer que le traitement peut être arrêté sans 
risque dans toute la zone. Cela nécessitera 
d’abord une délimitation exacte de la zone 
où l’on prévoit d’arrêter le traitement (voir 
la section 4 ci-dessous). Des évaluations 
épidémiologiques et entomologiques seront 
nécessaires pour évaluer les niveaux résiduels 
de l’infection et de la transmission dans toute 
la zone et pour confirmer que ceux-ci sont 
inférieurs aux seuils définis pour l’élimination. 
Les enquêtes épidémiologiques utiliseront 
la même méthodologie de la biopsie cutanée 
que dans la phase 1.a. mais devront avoir une 
couverture spatiale plus large (villages d’enquête 
choisis le long des principales rivières et leurs 
affluents à des distances ne dépassant pas 20 à 
30 kilomètres entre les villages) pour s’assurer 
de que les niveaux d’infection dans toute la 
zone sont inférieurs au seuil et qu’aucune 
poche d’infection ne subsiste qui puisse 
causer une recrudescence de la transmission 
après la cessation du traitement. L’évaluation 
entomologique comportera le criblage de lots de 
mouches collectées durant toute une saison de 


pluies dans un nombre limité d’endroits à haut 
risque le long des principales rivières près des 
principaux gîtes de reproduction du vecteur, 
et l’analyse de ces lots dans un laboratoire de 
référence au moyen d’une sonde spécifique 
d’ADN de O. volvulus. Au moins 10.000 mouches 
devront être collectées et analysées pour chaque 
point de capture par an. Le principal indicateur 
entomologique est le nombre de mouches ayant 
des larves infectieuses de stade 3 dans la tête sur 
mille mouches (F3H/1000).


En se basant sur les expériences vécues avec 
la cessation de la lutte contre l’onchocercose 
en Afrique de l’Ouest (lutte antivectorielle 
de l’OCP et traitement à l’ivermectine dans 
l’étude menée au Sénégal et au Mali), ainsi que 
sur les prédictions du modèle ONCHOSIM, 
les seuils d’élimination pour les indicateurs 
épidémiologiques et entomologiques ont été 
provisoirement définis comme indiqués dans 
le tableau 2. Il convient de noter que le seuil 
provisoire d’infectivité du vecteur, et la taille 
correspondante exigée d’échantillon de 10.000 
mouches par point de capture, est basé sur 
des données propres à l’espèce savanicole 
du vecteur, S. damnosum s.s et S. Sirbanum, 
et pourrait devoir être ajusté pour d’autres 
espèces du vecteur. En ce qui concerne 
les indicateurs épidémiologiques, d’autres 
simulations ONCHOSIM sont en cours afin 
de définir les seuils de CMFC. Tous les seuils 
seront régulièrement réexaminés et affinés à 
mesure que davantage de preuves deviendront 
disponibles. 
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Phase 2: confirmation de l’élimination 
Le but des évaluations pendant la phase 2 est de 
confirmer que la décision d’arrêter le traitement 
était correcte, et que cette décision n’a pas 
eu comme conséquence la recrudescence de 
l’infection et de la transmission. La phase 2 durera 
au moins trois ans et impliquera des évaluations 
entomologiques utilisant la même méthodologie 
et les mêmes points de capture que durant la 
phase 1, ainsi qu’un cycle final d’évaluations 
épidémiologiques. Les évaluations entomologiques 
peuvent être effectuées tout au long de la période 
de trois ans, ou couvrir seulement une saison 
de pluies entière pendant la 3ème année. Les 
enquêtes épidémiologiques seront effectuées à la 
fin de la période de trois ans dans un échantillon 
de villages de première ligne situés aux endroits 
à haut risque le long des rivières. Les indicateurs 
de cette phase sont encore la prévalence (ou 
l’incidence là où l’on a des données longitudinales) 
des MF et le taux d’infectivité du vecteur. 


Phase 3: surveillance de routine 
Durant la phase 3, une surveillance de routine 
doit être instaurée dans le cadre du système 
national de surveillance de la maladie afin 


de détecter à temps toute recrudescence 
possible de l’infection ou de la transmission 
de l’onchocercose. Les principaux indicateurs 
de cette phase sont la prévalence et l’incidence 
de l’infection de l’onchocercose. On peut 
espérer qu’avant que la surveillance devienne 
opérationnelle à une grande  échelle, un test de 
diagnostic plus simple et non envahissant sera 
disponible pour remplacer la biopsie cutanée. 
La surveillance pourrait être organisée telle 
qu’elle est actuellement faite dans les pays de 
l’ex-OCP où un petit échantillon de villages 
témoins situés à des emplacements à haut 
risque près des gîtes de reproduction du vecteur 
sont examinés tous les 3 à 5 ans. La surveillance 
entomologique serait également d’une grande 
valeur mais pourrait être difficile à organiser à 
l’échelle requise dans toutes les zones de post-
traitement. Cependant, le système actuellement 
utilisé dans les pays de l’ex-OCP pourrait être 
un modèle pour la surveillance entomologique 
dans laquelle le criblage de lots de mouches est 
effectué dans quelques sites sentinelles choisis 
et les résultats analysés au niveau central par 
le Centre de Surveillance Pluripathologique de 
Ouagadougou. 


Tableau 2 Objectifs et indicateurs d’évaluation 


Phase Objectif d’évaluation Indicateur Cible 


1 a. Evaluer le déclin 
vers le seuil critique 
d’élimination  


Prévalence de mf < prévalence prédite 


b. Confirmer que le seuil 
critique a été atteint et 
que le traitement peut 
être arrêté


Prévalence de mf < 5% dans tous les villages évalués 


< 1% dans 90% des villages examinés 


Taux d’infectivité du vecteur < 0,5 mouches infectieuses sur 1000 mouches 


2 Confirmer qu’il n’y a aucune 
recrudescence de l’infection/
transmission


Prévalence de mf Aucune augmentation/diminution 


Taux d’infectivité du vecteur < 0,5 mouches infectieuses su 1000 mouches 


3 Détecter toute recrudescence 
possible de l’infection/
transmission


Prévalence de l’infection < 1% dans tous les villages 


Taux d’infectivité du vecteur < 0,5 mouches infectieuses sur 1000 mouches 
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Où arrêter le traitement 


Un autre défi est de déterminer où exactement 
le traitement peut-il être arrêté. Il n’y a pas de 
réponse simple et standard à cette question 
et il appartiendra à chaque zone d’examiner 
soigneusement toutes les données disponibles 
sur la distribution de l’onchocercose, la 
couverture et l’impact du traitement avant 
qu’une décision puisse être prise sur où arrêter 
le traitement. En se basant sur les résultats 
d’une consultation informelle, durant laquelle 
les participants venant de programmes de lutte 
contre l’onchocercose de plusieurs pays APOC 
ont passé en revue ce processus pour un certain 
nombre de foyers proches de l’élimination, il a 


été recommandé que les étapes suivantes soient 
suivies (voir figure 7).


1. Délimiter les zones de transmission


Au cours de sa réunion de 2009, le groupe 
d’experts a présenté le concept de « zone de 
transmission «, qu’il a définie comme étant 
une « aire géographique où la transmission 
de O. volvulus se produit par des vecteurs 
se reproduisant localement et qui peut être 
considérée comme une unité écologique 
et épidémiologique naturelle pour des 
interventions «. Dans la pratique, cependant, 


Figure 7 Où arrêter le traitement


S’assurer que les migrants sont traités


Améliorer le traitement dans
les zones source de la migration


Di�érer l’arrêt du traitement


Passer en revue la situation du traitement dans
les zones de transmission avoisinantes


– –


–


–Migration
humaine


Prévalence de mf dans les
phases 1a/1b > seuil dû à
l’infection chez les migrants


Evaluation entomologique locale
des niveaux d’infectivité des
vecteurs (phase 1b)


Migration
des vecteurs Déterminer le rôle de


la migration des vecteurs


Di�érer l’arrêt du
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–


–
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Risque de
réintroduction
de l’infection


3


En-dessous
du seuil


Au-dessus
du seuil


Une partie de la
ZT incertaine non
traitée


Sonder les
niveaux actuels
de l’infection


Toute la ZT est sous traitement, aller au point 3


Une partie de la ZT certaine
non traitée


Délimiter les
sections traitées et
celles non traitées
des ZT


Au-dessus du seuil: inclure
dans le TiDC; di�érer l’arrêt
du traitement


Inclure dans le TiDC; ne
pas arrêter le traitement


En-dessous du seuil:
aller au point 3


Superposer la carte des projets APOC  et celle du traitement


–
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transmission
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Zones de transmission con�rmées
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il est difficile de déterminer avec un degré 
suffisant de certitude que les vecteurs trouvés 
dans une zone donnée se reproduisent 
exclusivement à cet endroit. Dans le présent 
document, donc, nous définissons d’un 
point de vue opérationnel une zone de 
transmission comme un bassin fluvial, ou 
une section importante d’un bassin fluvial, où 
l’onchocercose est endémique et où la rivière 
est le point central de la zone endémique, avec 
les communautés ayant la plus forte prévalence 
de l’infection généralement situées près de la 
rivière et des niveaux d’infection décroissant 
à mesure que l’on s’éloigne de la rivière 
jusqu’à ce qu’ils deviennent négligeables ou 
atteignent une zone voisine de transmission. 
Le groupe d’experts a  noté que « la difficulté 
est de définir la zone géographique où le 
traitement est nécessaire pour passer de la 
lutte à l’élimination «. C’est une qualification 
importante qui implique que seules les 
communautés qui contribuent activement à la 
transmission devraient être considérées comme 
faisant partie de la zone de transmission, et que 
les communautés ayant des infections isolées 
qui d’elles-mêmes ne pourraient pas maintenir 
le cycle de transmission, ne doivent pas être 
incluses dans cette zone. 


Le principe des zones de transmission de 
l’onchocercose centrées sur la rivière constitue 
la base de la méthode REMO qui a été utilisée 
pour cartographier la répartition géographique 
de l’onchocercose dans les pays de l’APOC. 
Par conséquent, dans un premier temps, nous 
proposons d’utiliser la même méthode pour 
délimiter les bassins et sections de rivière, 
et d’inclure dans une zone potentielle de 
transmission toutes les communautés situées 
dans un rayon de 20 kilomètres de la rivière ou 
de ses affluents. 


Cependant, ce ne sont pas toutes les sections 
de rivières qui contiennent des gîtes de 
reproduction de Simulium, et la prochaine 
étape sera donc de déterminer quelle partie 


du bassin de la rivière est endémique de 
l’onchocercose. Pour cela nous utilisons la carte 
des niveaux d’endémicité de l’onchocercose 
en Afrique qui a été produite par une analyse 
spatiale (utilisant une méthode d’interpolation 
statistique appelée « kriging «) des données 
de prévalence de nodules obtenues à partir des 
enquêtes REMO effectuées dans les pays de 
l’APOC (voir figure 8b).


Une limitation de la méthode REMO est qu’elle 
utilise uniquement la prévalence des nodules 
pour estimer la prévalence de l’infection de 
l’onchocercose, alors que la palpation des 
nodules a une faible sensibilité et une faible 
spécificité dans les communautés à faible 
prévalence. Par contre, les enquêtes REMO ont 
produit une base de données exceptionnelle 
avec des données de prévalence des nodules 
pour un échantillon spatial de plus de 13.000 
villages et une bonne couverture géographique 
de toutes les zones potentiellement endémiques 
dans les pays de l’APOC (voir la figure 
8a). Pour ces pays, les données du REMO 
fournissent les principales informations sur 
la répartition géographique de la maladie. Par 
conséquent, l’on devrait d’abord essayer de 
délimiter les zones de transmission en utilisant 
la carte disponible de la prévalence des nodules 
avant-intervention (et les données de biopsie 
cutanée avant-intervention pour les quelques 
foyers pour  lesquels elles sont disponibles) 
dans les pays de l’APOC. 


Dans la deuxième étape, donc, la carte de la 
prévalence avant-intervention est superposée 
à la carte du bassin fluvial, et une tentative 
de délimitation des zones de transmission est 
effectuée. 


Pour illustrer ce processus, nous utiliserons 
l’exemple du foyer endémique situé autour du 
LGA de Lere dans l’Etat de Kaduna, au Nigéria. 
La figure 9 montre le foyer de Lere, y compris 
les limites de deux sections de la rivières, les 
données de prévalence de tous les villages où 
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Figure 8 Villages d’enquète REMO et prévalence estimée de nodules dans les pays APOC


a  Emplacement des villages d’enquête REMO b  Prévalence estimée des nodules dans les pays APOC
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des enquêtes ont été menées avant le début 
du traitement à l’ivermectine, et la répartition 
géographique des prévalences estimées de 
nodules obtenues d’une analyse de kriging des 
différentes données de prévalence.


Au centre de la carte, il y a un regroupement 
de villages endémiques qui forment clairement 
l’épicentre d’une zone de transmission qui 
s’étend sur les deux sections de la rivière. 
Deuxièmement, bien que les données soient 
peu abondantes, elles laissent également penser 
qu’il n’y a aucune transmission à l’ouest de la 
carte ; une conclusion conforme à l’information 
que les conditions environnementales dans 
cette zone ne sont pas favorables pour la 
reproduction du vecteur. Les données de 
la prévalence laissent penser qu’il y a une 
limite à la zone de transmission au sud de 
l’épicentre. Cependant, il est très difficile, 
sur la base des données disponibles, de 
décider où exactement les limites de la zone 
de transmission se situent. La zone avec une 
prévalence estimée > 10% (jaune, orange et 
au-dessus) peut être considérée comme zone 
« certaine » de transmission, mais au-delà 
de cette zone, il est difficile de dire combien 
en plus de cette aire devrait être incluse dans 
la zone de transmission. De toute évidence, 
d’autres enquêtes seront nécessaires pour 
clarifier cette quention. Cela pourrait se faire 
par des examens de biopsie cutanée exsangues 
dans les villages choisis le long des principales 
rivières à des intervalles croissants en aval de 
la zone certaine de transmission. Cependant, 


avant d’entreprendre toute autre enquête 
complémentaire, il est important d’examiner 
d’abord la carte du traitement à l’ivermectine.


2. Comparer la zone de transmission à celle 
du TIDC


Le mandat initial de l’APOC était la lutte contre 
l’onchocercose en tant que problème de santé 
publique et le TIDC a donc ciblé les zones où 
les cartes REMO indiquaient que la maladie était 
d’importance pour la santé publique (c.-à-d. où 
il y avait au moins quelques communautés ayant 
une prévalence de mf > 40% ou une CMFC > 5 
mf/b). Ce critère a été interprété avec souplesse 
et beaucoup de zones limites ont été incluses 
dans la zone de traitement par le TIDC dans la 
mesure où un tiers de toutes les communautés 
sous TIDC ont une prévalence inférieure au seuil 
de 40%. Néanmoins, la zone sous TIDC couvrira 
souvent une aire plus restreinte que la zone de 
transmission, et il y aura des villages situés au 
delà des frontières du TIDC mais toujours dans 
la zone de transmission qui ne reçoivent pas 
de traitement à l’ivermectine. Par définition, ce 
sont des villages qui avaient un faible niveau 
d’endémicité avant le début de l’intervention et, 
comme l’illustre la figure 10, elles constituent le 
bout de la queue du foyer endémique.


Il est important de noter que ces zones caudales 
ne constituent pas des foyers endémiques en 
elles-mêmes, et que les infections dans ces 
zones étaient en grande partie un résultat de la 
transmission générée au centre du foyer. Après 


Figure 9 Prevalence de l'onchocercose avant intervention dans le LGA de Lere, dans l'Etat de Kaduna, au Nigeria
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l’introduction du TIDC, la source principale de 
la transmission a été en grande partie supprimée 
et après plusieurs années de TIDC, l’on s’attend 
donc à ce que les niveaux d’infection dans les 
communautés des zones caudales baissent 
également, bien qu’elles ne soient pas traitées. 
Par conséquent, dans les nombreuses zones où 
le TIDC est en cours depuis plusieurs années, il 
sera important d’évaluer également les niveaux 
résiduels de l’infection juste au delà de la zone 
de TIDC afin de déterminer si une extension de 
la zone de traitement est nécessaire pour réaliser 
l’élimination ou bien si la zone actuelle de 
traitement est adéquate.


Une situation différente se présente dans les 
zones de transmission où il n’y a pas eu du 
tout de traitement par le TIDC parce que les 
niveaux d’endémicité d’avant-intervention 
étaient considérés comme trop faibles pour que 
l’onchocercose soit classifié comme un problème 
de santé publique. S’il existe des preuves de 
poursuite de la transmission dans une telle zone, 
l’instauration du TIDC serait indiquée dans le 
cadre du nouvel objectif d’élimination afin d’éviter 
que de faibles foyers endémiques de l’onchocercose 
ne continuent à exister et à constituer une 
menace potentielle pour les zones avoisinantes 
où l’onchocercose a été éliminée. Etant donné 
que les niveaux d’endémicité dans ces foyers sont 
par définition faibles, l’élimination devrait être 
relativement facile et prendre beaucoup moins 
de temps que dans les foyers hyper-endémiques 
environnants. Ceci a été démontré dans le foyer 
du Rio Geba en Guinée-Bissau où l’endémicité de 
l’onchocercose était très faible avant le début du 
traitement (CMFC < 6) et où l’élimination a été 
réalisée avec seulement six traitements annuels. 
Certains des principaux scénarios qui peuvent 
se produire lorsque l’on superpose les cartes de 
prévalence et de traitement sont illustrés par la 
figure 11 pour la zone frontalière Nord-Est du foyer 


principal de l’onchocercose au Malawi. Pour cette 
zone, les informations géographiques détaillées 
sont disponibles et montrent l’emplacement de 
tous les villages sous TIDC qui reçoivent un 
traitement annuel à l’ivermectine (des bases de 
données similaires sont en cours d’élaboration pour 
tous les projets APOC).


Le principal foyer d’onchocercose est situé dans 
le sud. A partir de là, la prévalence des nodules 
diminue lorsque l’on va vers le nord et tombe à 
zéro lorsque l’on atteint les plaines en terrasses 
près du lac où il n’y a aucun gîte de reproduction 
du vecteur. Par conséquent, la zone A est située en 
dehors de la zone de transmission.


La zone B se trouve dans la zone frontalière et 
est localisée juste au-delà des villages traités. La 
situation épidémiologique dans la zone B n’est 
pas claire. Il est tout à fait possible que tous les 
villages où le  traitement est exigé “ pour passer de 
la lutte à l’élimination “ soient déjà couverts. Ceci 
peut être un exemple d’une zone caudale où le 
traitement au cours des 10 dernières années dans 
la zone TiDC a également affecté la prévalence de 
l’onchocercose dans les villages juste au-delà de 
la zone de traitement. Une enquête de prévalence 
dans un ou deux villages le long de la rivière au 
delà de la zone de traitement devrait pouvoir 
clarifier l’état actuel de l’infection, et, si une 
extension du traitement est nécessaire dans cette 
zone frontalière ou pas. Selon la carte de prévalence 
d’avant intervention, la zone C était apparemment 
également une zone épidémiologique formant la 
queue de la principale zone de transmission vers 
le sud. Cependant, cette zone est déjà entièrement 
couverte par le TIDC, et il n’y a donc pas lieu de 
mener d’autres investigations pour déterminer 
les limites exactes de la zone de transmission. La 
zone la plus problématique est la zone D où il 
y a quelques villages avec une faible prévalence 
de nodules comprise entre 2% et 10% avant-
intervention, et situés le long des biefs supérieurs 
des rivières dans une zone accidentée. Il n’est 
pas clair à partir des données disponibles si ces 
prévalences positives sont dues à un débordement 
de la principale zone de transmission qui est 
maintenant sous traitement ou si ces résultats 
reflètent l’existence de mini zones de transmission 
dans les collines où la transmission se poursuivrait 
de façon indépendante. La seule manière de 
le savoir est d’entreprendre quelques enquêtes 
épidémiologiques dans des villages de la zone D 
pour lesquels les données de prévalence d’avant 
intervention sont disponibles.


Le TIDC est mis en œuvre par les projets APOC 
qui sont étroitement liés aux systèmes nationaux 
de santé des pays APOC. Les frontières des 
projets APOC tendent donc à suivre les frontières 
administratives des districts de santé, des régions 
et des pays. Les frontières administratives suivent 
fréquemment le relief naturel du terrain, tels 


Figure 10 Exemple schématique d’une zone
de transmission
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Figure 11 Prévalence avant intervention de l'onchocercose à la limite nord-est du foyer d'onchocercose
de Thyolo au Malawi
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que les chaînes de montagne, les lacs et, souvent 
singulièrement, les rivières. Par conséquent l’on 
rencontre beaucoup d’exemples où l’épicentre 
épidémiologique d’une zone de transmission, 
c.-à-d. la rivière avec ses gîtes de reproduction 
du vecteur, constitue la frontière entre deux 
projets APOC (ou parfois deux pays) qui ont 
une durée et une couverture différentes de 
traitement à l’ivermectine (voir figure 12). Il y a 
d’autres exemples où les zones de transmission 
chevauchent deux projets APOC ou plus. La 
planification pour l’élimination nécessitera 
donc une évolution de l’orientation actuelle de 
projet vers une vision en termes de zones de 
transmission, et une planification trans-projet pour 
l’élimination.


3. évaluer le risque de réintroduction de 
l’infection à partir d’autres zones endémiques
 
Enfin, la décision sur où arrêter le traitement 
devra également tenir compte de la situation 
épidémiologique et du traitement dans les 
zones environnantes, ainsi que du risque de 
réintroduction du parasite par la migration 
humaine ou du vecteur. 


La migration humaine entre les zones rurales 
endémiques de l’onchocercose se produit 
habituellement seulement sur des distances 
limitées et concerne principalement la 
migration entre zones de transmission voisines. 
La principale question que l’on doit se poser est 
de savoir si ces zones de transmission voisines 
sont couvertes par le traitement à l’ivermectine, 
et si les couvertures géographiques et  
thérapeutiques sont adéquates dans ces zones. 
Si la couverture a été bonne pendant un 
certain nombre d’années, la migration humaine 
pourrait ne pas poser de risque significatif 
de réintroduction du parasite onchocerquien 
et de recrudescence de la transmission. Mais 
si la couverture du traitement est faible dans 
une zone de transmission voisine, ou bien 
s’ il n’y a pas eu de traitement du tout, la 
migration humaine peut alors poser un risque 
sérieux. La figure 13 montre un exemple de 
foyer endémique dans le district de Kasese en 
Ouganda. Les évaluations épidémiologiques  
entreprises dans 2010 laissent penser que 
l’onchocercose serait presque entièrement  
éliminée. Cependant, des quelques personnes 
restantes positives de microfilaires, la majorité 
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avait émigré pendant un certain nombre 
d’années pour travailler comme fermiers 
dans les villages des zones endémiques 
d’onchocercose à la frontière de la République 
Démocratique du Congo avant de retourner 
dans leur village d’origine en Ouganda. Ces 
“ migrants “ avaient reçu beaucoup moins 
de traitement que la population résidente de 
leur village. En outre dans d’autres pays on 
a constaté que la couverture de  traitement 
parmi des migrants est souvent très basse soit 
parce que ceux-ci sont absents à la période du 
traitement ou parce qu’ils ne sont pas inclus 


Figure 13 L'onchocercose dans le district de Kasese en Ouganda
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dans la population locale recensée et sont 
donc exclus du programme TiDC. La cause des 
infections  d’onchocercose chez les migrants 
peut être la transmission dans la zone d’origine 
de la migration, le traitement insatisfaisant 
des migrants ou une combinaison de ces deux. 
Dans de telles situations, la  première priorité 
devrait être de s’assurer que tous les migrants sont 
correctement traités avec l’ivermectine. Mais si 
ceci ne résout pas le problème, et la prévalence 
de l’infection reste au-dessus  des seuils pour 
l’élimination en raison de l’importation de  
l’infection par les migrants, il sera nécessaire de 
retarder l’arrêt du traitement jusqu’à ce que une 
couverture de traitement adéquate soit assurée 
dans la zone d’origine de la migration. 


La migration du vecteur peut elle aussi 
poser un problème sérieux. L’expérience de 
l’OCP a montré que la migration de vecteurs 
infectieux sur de longues distances peut être 
une menace importante dans la savane ouest-
africaine où elle a conduit à une recrudescence 
de la transmission dans des bassins où 
l’onchocercose avait été effectivement éliminée. 
Cette migration sur de longues distances 
est caractéristique de l’espèce de savane du 
vecteur, c.-à-d. S.sirbanum et S.damnosum s.s., 
et elle pourrait être un problème moindre pour 
d’autres espèces du vecteur dans les zones 
de forêt et en Afrique de l’Est. Il sera donc 
utile d’avoir une compréhension élémentaire 
de la présence et de la distribution des 
différentes espèces du vecteur dans les zones 
où la cessation du traitement est envisagée, 


Figure 12 Exemple d’une zone de transmission
à cheval sur la frontière entre deux pays 
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et l’APOC soutient actuellement des études 
cytotaxonomiques à cet effet. Cependant, il 
ne sera pratiquement pas possible d’étudier 
tous les schémas de migration du vecteur en 
détail dans tous les pays APOC. La manière 
la plus pratique d’évaluer s’ il y a un risque 
de réintroduction du parasite par migration 
du vecteur dans une zone où la cessation du 
traitement à l’ivermectine est envisagée, est 
d’évaluer les taux d’infectivité du vecteur dans 
cette zone durant la dernière année avant l’arrêt 
du traitement.  Si les taux d’infectivité du 
vecteur sont insignifiants, cela peut impliquer 
que l’immigration du vecteur ne constitue pas 
une menace significative pour la transmission 
dans cette zone et que le traitement peut être 
arrêté sans risque. Si les taux d’infectivité du 
vecteur sont toujours élevés, cela signifie que 
les seuils définis pour l’élimination n’ont pas 
encore été atteints et d’autres investigations 


sont nécessaires pour déterminer la raison de 
ces résultats entomologiques insuffisants. 


simplifiera souvent la prise de décision sur 
les zones de transmission et sur où arrêter le 
traitement. Il y a de vastes zones où tous les 
bassins de rivières sont fortement endémiques 
de l’onchocercose et où le TIDC est administré 
partout. Un exemple d’une telle zone est la 
ceinture endémique qui va du sud-est du 
Nigéria au sud-ouest du Cameroun (voir 
figure 14). Dans les Etats de Cross River et 
d’Ebonyi au Nigéria, le TIDC a été administré 
pendant 13 années ou plus, et les évaluations 
épidémiologiques récentes (phase 1A) sur 
trois sites dans ces Etats ont montré que 
l’onchocercose était près d’être éliminée et qu’il 
était temps de commencer à planifier l’arrêt 
du traitement. En supposant que ces bons 
résultats épidémiologiques soient confirmés 


Figure 14 L’onchocercose au sud-est du Nigéria et au sud-ouest du Cameroun L’adoption d’une
perspective géographique plus large
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dans le reste de ces deux Etats, il ne semble y 
avoir aucune raison de s’inquiéter trop de la 
délimitation exacte des zones de transmission 
car l’onchocercose est endémique partout et le 
TIDC est administré dans toute cette partie sud-
est du Nigéria et de l’autre côté de la frontière 
au sud-ouest du Cameroun. Dans ce genre de 
situation, il est préférable d’être pragmatique 
et de se baser sur des considérations 
opérationnelles pour décider de la zone où le 
traitement sera d’abord arrêté.


4. Délimiter la zone où le traitement peut 
être arrêté


L’étape finale sera de délimiter la zone où 
le traitement peut être arrêté après avoir 
pris en compte toutes les considérations ci-
dessus mentionnées et, s’il y a lieu, après la 
collecte et l’analyse de données d’enquêtes 
complémentaires. Pardessus tout, il sera 
important d’être pragmatique et de passer 
soigneusement en revue les données de 
couverture du traitement, à la fois dans l’espace 
pour savoir exactement où le traitement a été 
effectué, et dans le temps pour s’assurer de la 
cohérence dans la couverture du traitement. 


L’aspect opérationnel devra également être 
pris en considération, par exemple certains 
programmes nationaux de lutte contre 
l’onchocercose pourraient préférer arrêter le 
traitement par district sanitaire plutôt que par 
zone de transmission, ce qui serait acceptable si 
le district sanitaire couvre seulement une partie 
de la zone de transmission et si les parties 
restantes de la zone demeurent sous traitement.  
Le pragmatisme sera également nécessaire dans 
la détermination de quelle quantité de données 


complémentaires doit être collectée, étant 
donné la nécessité d’être pratique et rentable 
dans cette prise de décision opérationnelle. 
Le but n’est pas de délimiter des zones de 
transmission dans un détail scientifiquement 
parfait, mais de  prendre des décisions sages sur 
quand et où le traitement à l’ivermectine peut 
être arrêté sans risque.


L’élimination de la filariose lymphatique est 
basée sur le traitement de masse à l’ivermectine 
et à l’albendazole. Des programmes de 
traitement de la FL sont prévus ou sont en 
cours dans plusieurs pays APOC, et il est 
possible que dans les zones où l’élimination de 
l’onchocercose a été réalisée et où le traitement 
peut être arrêté, le traitement à l’ivermectine 
et à l’albendazole puisse être programmé 
pour se poursuivre pendant quelques années 
supplémentaires afin d’assurer l’élimination 
de la filariose. Cela ne serait pas un problème 
pour l’élimination de l’onchocercose mais 
un tel scénario prolongerait la phase 1 et les 
évaluations de la phase 1b et phase 2 devraient 
être synchronisées avec la dernière année de 
traitement de la filariose.


Une autre infection filarienne, la loase, 
pourrait poser de plus sérieux problèmes pour 
l’élimination de l’onchocercose. Dans les zones 
à faible niveau d’endémicité de l’onchocercose, 
mais où le niveau d’endémicité de la loase 
est très élevé, le traitement à l’ivermectine 
est contre-indiqué. Si la transmission  de 
l’onchocercose est localement maintenue dans 
une telle zone, l’élimination de l’onchocercose 
peut ne pas être faisable par le traitement à 
l’ivermectine et d’autres formes d’intervention 
pourraient être nécessaires.
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Supplementary Text S1: Formal description of ONCHOSIM 


Introduction 
ONCHOSIM is a computer program for modeling the transmission and control of the tropical 
parasitic disease onchocerciasis, also known as river blindness. It has been developed in 
collaboration with the Onchocerciasis Control Programme in West Africa (OCP) and the 
African Programme for Onchocerciasis Control (APOC) in Central and East Africa, and has 
been used as a tool in the evaluation and planning of control operations[1–8]. The model 
simulates the life history of the parasite Onchocerca volvulus and of its transmission from 
person to person by Simulium flies. The effects of different control strategies, based on vector 
control and chemotherapy (e.g. ivermectin), on the transmission and on the disease symptoms 
can be evaluated and predicted. In the program two simulation techniques are mixed. 
Stochastic microsimulation is used to calculate the life events of individual persons and 
inhabitant parasites, while the dynamics of the Simulium population and the development of 
the parasite in the flies are simulated deterministically. 


This document 
This document gives a complete description of the ONCHOSIM model structure and 
parameter quantification as used in the simulations for “Elimination of African 
onchocerciasis: modeling the impact of increasing the frequency of ivermectin mass 
treatment” by Coffeng et al (PLoS ONE 2014). Except for the quantification of the effect of 
ivermectin treatment, the model structure and parameter values presented are the same as 
reported semi-formally by Plaisier et al [1], and formally by Habbema et al [4] (the contents 
of this document are mostly adapted from the latter source). These previous descriptions of 
the model can be found in the online repository of the Erasmus University Rotterdam.a In 
most simulations we used the default quantification of biological key parameters for savanna 
type of infection, based on data collected by the Onchocerciasis Control Programme in West 
                                                
a hdl.handle.net/1765/21404 
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Africa. Where other parameters were used (e.g. for the sensitivity analysis), this is explicitly 
indicated in the text. 
Note that the ONCHOSIM computer program offers the opportunity to change parameter 
values, to choose other options regarding the type of probability distributions used, and to 
make structural changes in parts of the model. With footnotes we will highlight alternative 
options that are not evident from the mathematical description. Table A1 provides an 
overview of the parameter values used in this study, along with references to sources. For 
technical details, please refer to the section “Formal description of ONCHOSIM” on page s5. 


Software implementation 
The current version of ONCHOSIM has been redesigned using object-oriented principles and 
has been programmed in Java (the original ONCHOSIM was programmed in C++). 
Individuals and mature worms are modeled as distinct objects. ONCHOSIM is event-driven, 
which means that time progresses as a result of events (though for most processes, monthly 
events are used, as in the previous version). 


The main advantages of the new implementation are improved code quality and therefore 
easier maintenance and extension. Several small changes and improvements to model code 
have already been made, and are named explicitly in the formal description of the model 
below. 
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Table A1. ONCHOSIM parameters and their values used in this simulation study. 


Parameter  Value Source 


Demography   


Human life table (F(a)) See page s5 and Figure A1 [9] 


Human fertility (R(t)) See page s5 and Figure A1 [9] 


   


Exposure   


Inter-individual variation in 
exposure to fly bites (Exi) 


Gamma distribution with mean 1.0 and shape and rate 
equal to 3.5 or 1.0 


[10], unpublished data 
from OCP 


Variation in exposure to fly bites 
by age and sex (Exa) 


See page s6 [10] 


Seasonal variation in exposure to 
fly bites (mbr) 


104%, 91%, 58%, 75%, 75%, 66%, 102%, 133%, 
117%, 128%, 146%, and 105% times the average 
monthly biting rate (January–December) 


[11] 


   


Life history and productivity of 
the parasite in the human host 


  


Worm longevity (Tl) Weibull distribution with mean 10 and shape 3.8 
(years) 


[2] 


Prepatent period 1 year [2], which refers to 
[12,13] 


Age-dependent potential 
microfilaria production (R(a)) 


R(a) = 0 for 0 ≤ a < 1 [2], which refers to 
[14,15] R(a) = 1 for 1 ≤ a < 6 


R(a) = 1-((a-6)/15) for 6 ≤ a < 21 


R(a) = 0 for a > 21 


Longevity of microfilariae (Tm) 9 months [2] 


Worm contribution to the skin mf 
load (cw) 


7.6 mf/worm [10] 


Variability in mf per skin snip (2 
mg) 


Poisson distribution with mean ss(t) [2] 


Dispersal factor for worm 
contribution to skin snip (d) 


Exponential distribution with mean 1 [2] 


Mating cycle (rc) 3 months [2], which refers to 
[16,17] 


Male potential 100 female worms [2] 


   


Vision loss   


Blindness threshold (Elc) Weibull distribution with mean 10,000 and shape 2.0 [7] 


Reduction in remaining life 
expectancy due to blindness 


50% [7], which refers to 
partly published data 
from OCP [18]; and 
[1], which refers to 
[19,20] 


   


Parasite and vector   


Fly survival (L(t)) 0.78 flies/day [4], expert opinion 
(OCP entomologists) 


Gonotrophic cycle (Pgc(j)) Pgc(j) = 0.0 for j ≤ 2 days [4], expert opinion 
(OCP entomologists) Pgc(j) = 0.2 for j = 3 days 


Pgc(j) = 0.6 for j = 4 days 
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Parameter  Value Source 


Pgc(j) = 0.2 for j = 5 days 


Pgc(j) = 0.0 for j ≥ 6 days 


Zoophily (z) 4% [4], expert opinion 
(OCP entomologists) 


Microfilarial uptake (lu)  See equation (10); a = 1.2, b = 0.0213, and c = 0.0861 
(main analysis); a = 1.2, b = 0.0213, and c = 1.0 
(sensitivity analysis) 


[8], which refers to 
[21,22] 


Larval development (F(t)) F(t) = 0 for t ≤ 5 days [4], expert opinion 
(OCP entomologists) F(t) = 0.07 for t = 6 days 


F(t) = 0.86 for t = 7 days 


F(t) = 1.0 for t ≥ 8  days 


Larval survival (L1-->L3) 85% [4], expert opinion 
(OCP entomologists) 


L3 survival (L3-->L3) 90% [4], expert opinion 
(OCP entomologists) 


Larval release (L3) 65% [4], expert opinion 
(OCP entomologists) 


Succes ratio (sr) 0.31% [10,23] 


   


Mass treatment coverage   


Coverage (Cw) User-defined  


Age- and sex-specific 
compliance (cr(k,s)) 


See page s13 Based on unpublished 
OCP data 


Individual compliance index (co) Uniform distribution [0,1] [4] 


   


Ivermectin   


Microfilaricidal effect 
(assumption set 1 and 2) 


100% [3] 


   


Assumption set 1   


Relative effectiveness (v)  Weibull distribution with mean 1 and shape 2 [3] 


Embryostatic effect (Tr, s)  11 months [3] 


Reduction in worm fecundity (d)  34.9% [3] 


Macrofilaricidal effect 0% [3] 


   


Assumption set 2   


Embryostatic effect (tau) Exponential distribution with mean 3.5 (years) This study 


Macrofilaricidal effect (male 
worms) 


Beta distribution with mean 0.123 and sample size 50 This study 


Macrofilaricidal effect (female 
worms) 


Beta distribution with mean 0.060 and sample size 50 This study 


   


Larviciding   


Timing User-defined  


Coverage User-defined  
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Formal description of ONCHOSIM 


Demography 
The human population dynamics is governed by birth and death processes. We define F(a) as 
the probability to survive to age a (apart from excess mortality due to onchocerciasis related 
blindness). The values used are as follows: 


 


age (a) 0 5 10 15 20 30 50 90 


F(a) 1.000 0.804 0.772 0.760 0.740 0.686 0.509 0.000 


 
Survival at intermediate ages is obtained by linear interpolation. 


 
The expected no. of births (per year) at a given moment t is given by: 


Rb t( ) = N f k, t( ) ⋅ rb k( )
k=1


na


∑  (1) 


with: 


Nf(k,t) no. of women in age group k at time t 
rb(k) annual birthrate in age-group k: 0.109 babies per year for women between 15 


and 20 years; 0.300 between 20 and 30 years; 0.119 between 30 and 50 years; 
0.0 for all other ages. 


na no. of age-groups considered. 
 


Each month, Rb(t) is adapted according to the number of women and their age-distribution.b 
The population distribution resulting from the aforementioned parameters is illustrated in 
Figure A1, and closely follows the age distribution in Sub-Saharan Africa as estimated by the 
UN Population Division for the year 2000 (Figure A1) [9]. 


 


                                                
b This is a code improvement compared to the original version of ONCHOSIM, in which the expected number of 
births was updated annually rather than monthly. 
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Figure A1. Population demography simulated in ONCHOSIM in absence of excess mortality due to onchocercal 
blindness (bars), compared to the 2000 population for Sub-Saharan Africa (diamonds; UN Population Division, 
World Population Prospects: The 2012 Revision). 


 
 


Exposure to blackflies 
The number of bites mbri(m) a person i gets in month m (in the absence of vector control) is 
given by: 


mbri m( ) =Mbr m( ) ⋅Exi  (2) 


with: 


Mbr(m) no. bites in month m (m = Jan., Feb., …) for a person with relative 
exposure 1. 


 
The relative exposure Exi is calculated as: 


Exi = Exa ai, si( ) ⋅Exii  (3) 


with: 
Exa(ai,si) relative exposure of person with age a and sex s: Zero at birth, linear 


increase between age of 0 and 20 years to 1.0 for men and 0.8 for 
women, and constant from 20 years onwards.c 


 Exii~Gamma(1.0,αExi) 
Exposure index of person i. Exii is assumed to follow a gamma 
distribution with mean 1.0 and shape and rate equal to αExi. The 
exposure index of a person remains constant throughout lifetime. For 


                                                
c Alternative functional relationships can be used to describe relative exposure as a function for age. Also 
empirical functions (specific values for specific age groups) can be given. 
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selected West African villages (Onchocerciasis Control Programme), 
estimated αExi values vary between 1.6 and 12.7.d 


 


Mbr(m) values are obtained from six years of fly collections near the village of Asubende 
(Ghana). There, monthly biting rates of on average 2570 bites per person, varying from 1500 
in March to 3750 in November have been found. For the actual biting rates (Mbr(m))  inside 
of this village we multiplied these figures with a factor (called the relative biting rate) of 0.95 
(note: since we have no measurements of biting rates actually experienced by villagers, we 
have – arbitrarily – defined a relative biting rate of 1.0 – i.e. mean Mbr = 2750 – as the biting 
rate resulting in a geometric mean no. of mf per skin-snip of 100 in hypothetical village with 
all persons being permanently characterized with a relative exposure of 1.0). Assuming the 
same seasonal pattern, for other villages relative biting rates have been estimated to vary from 
0.4 to 0.9. 


Acquisition, development, longevity and productivity of parasites in the 
human host 
If during a blood meal of a fly in month m on average lr infective larvae are released, the 
force-of-infection foii(m) – defined as the expected number of new adult parasites acquired by 
person i in month m – is calculated as: 


foii m( ) =mbri m( ) ⋅ lr m( ) ⋅ sr  (4) 


with: 
sr success ratio: fraction of injected L3-larvae succeeding in growing to adult 


male or female worms: sr = 0.0031. An average male:female sex ratio of 1:1 is 
assumed. 


In month m, a person i is assumed to become infected according to a Poisson process with rate 
foii(m). 


The reproductive lifespan of male and female parasites is a random variable: Tl ~ 
Weibull(muTl,αTl), with mean muTl = 10 years and shape αTl = 3.8.e The mf-productivity r(a,t) 
of a female worm of age a at time t is calculated as follows: 


r a, t( ) = R a( ) ⋅m t( )  (5) 


with: 


R(a) potential mf-productivity of a female worm of age a (in years): 


R(a) = 0 for 0 ≤ a < 1; 


R(a) = 1 for 1 ≤ a < 6; 


R(a) = 1-((a-6)/15) for 6 ≤ a < 21; 
R(a) = 0 for a > 21.f 


                                                
d If desired, other continuous probability function can be chosen. 
e For readers used to the other commonly used parameterization of the Weibull distribution in terms of shape k 
and scale λ, shape k is αTl (as described in this document) and scale λ = muTl / Γ(1 + 1 / αTl). 
f Quantifying R(a) = 0 for 0 ≤ a < 1 is equivalent to assuming an pre-patent period of exactly 1 year for all male 
and female worms. However, in ONCHOSIM for this pre-patent period other values can be given and it can also 
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m(t) mating factor at time t 


 
To continue mf-production, a female worm must be inseminated each rc months (rc = 
reproductive cycle = 3). If insemination took place less than rc months ago, then m(t) = 1. 
Otherwise, the probability of insemination or reinsemination Pins(t) in month t is given by: 


Pins t( ) =Wm t( ) /Wf t( )     if Wm <Wf


Pins t( ) =1                        if otherwise  (6) 


with: 


 W(t) number of male (Wm) or female (Wf) parasite in the human at time t 
 


If no insemination takes place then m(t) = 0 and the female worm has a new opportunity in the 
month t + 1. If insemination occurs in month ti then m(t) = 1 during ti ≤ t <ti + rc.g 
The skin mf-density sl(t) at time t is calculated by accumulating the mf-production of all 
female parasites over the past Tm months: 


sl t( ) = cw ⋅el t( )  (7) 


el t( ) = 1
Tm


rj aj − x, t − x( )
x=1


Tm


∑
j=1


ni


∑  (8) 


with: 
el(t) the effective parasite load at time t. This intermediate variable describes the 


female parasite load obtained by weighting each worm according to the mf-
productivity during the past Tm months. 


cw average contribution of an inseminated worm at peak fecundity (R = 1) to the 
skin mf-density: cw = 7.6 mf/worm.h 


Tm (fixed) microfilarial lifespan: Tm = 9 months. 
ni number of parasites alive during at least one of the months t-1,…,t-Tm. 


Skin-snip count 
The expected number of mf in a skin-snip of 2 mg is given by: 


ss t( ) = cw
Tm


dj rj
x=1


Tm


∑
j=1


ni


∑ aj − x, t − x( )  (9) 


                                                                                                                                                   
be specified as a continuous probability distribution. Also for the potential mf-production after the immature 
period other values can be chosen. 
g In ONCHOSIM we have one additional parameter to influence the mating probability Pins. This parameter is 
called male potential and is multiplied with the male:female worm sex ratio. Assigning a high value to this male 
potential  (e.g. 100) implies that mating (if required) will always take place if there is at least one adult male 
worm. In case of a negative male potential female worms can produce Mf in the absence of male worms. 
h Instead of a linear relationship between sl and el other functional relationships can be chosen (e.g. a saturating 
function). 
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with: 


dj dispersal factor of female parasite j. This is a random variable drawn for every 
“newborn” worm, and accounts for differences in the contribution of female 
worms to the mf-density at the standard site of the body where snips are taken 
(hip). We assume that dj follows an exponential: dj ~ Expo(1.0). 


 
The actual number of mf per skin-snip follow a Poisson distribution: ssobs(t) ~ Poisson(ss(t)).i 
At each epidemiological survey 2 snips are taken from all simulated persons.j The results of 
such a survey are post-processed to arrive at age and sex-specific and standardized mf 
prevalences. 


Uptake, development and release of larvae in the vector 
On the basis of fly-feeding experiments in OCP the following expression for the relation 
between L1-uptake (lu) and skin-microfilarial density (sl) has been derived (note: since most 
of the mf engorged during a blood meal are trapped in the fly, we consider ‘L1-uptake’ rather 
than mf-uptake): 


lu = a ⋅ 1− e−b⋅sl( ) ⋅ 1+ e−c⋅sl( )  (10) 


with: 
a = 1.2, b = 0.0213, and c = 0.0861 (the initial slope of this relationship equals 2ab).k 


 
The mean L1-uptake in the fly population per fly bite in month m is now calculated as: 


lu m( ) = Exi ⋅ lui( ) /
i=1


N m( )


∑ Exi
i=1


N m( )


∑  (11) 


with: 


 N(m) No. of persons in month m. 
 


It is assumed that a fixed proportion of the L1-larvae develops to the L3—stage and will be 
released at one of the subsequent bites: 


lr m( ) = v ⋅ lu m( )  (12) 


with: 


                                                
i Or any other discrete probability function (e.g. geometric). 
j Or any other number. 
k Other functional relationships can also be defined. In the sensitivity analysis, we set c = 1.0 to simulate a 
situation with less pronounced negative density dependence in transmission (which may be reflective of the 
situation in forest areas). This alternative parameter value results in a less concave shape of the function, while 
the slope in the origin (which equals 2ab) and the final saturation level (a) remain the same. In terms of L1-
uptake, this means that uptake is up to 40% lower for skin mf densities <10 mf/ss, and nearly unchanged for skin 
mf densities >40 mf/ss. Increases in c beyond 1.0 do not affect the shape of the function very much. The choice 
of setting the value c = 1.0 was arbitrary, and does not necessarily represent forest vector-parasite complexes. 
This hypothetical case is included to show the importance of density dependence assumptions. 
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 lr(m) mean L3-release per bite in month m 


v transmission probability: average probability that an L1-larva is release as an 
infective larva. 


 
The calculation of the transmission probability v is complicated. In calculating v we take into 
account the life history of the fly starting from her first blood meal. We assume that blood 
meals are taken at fixed hours during daytime, so that we can use 1 day time steps. Though 
we take into account differences in the length of gonotrophic cycle between flies, in the model 
we assume that a particular fly has always the same cycle length (which equals the time 
between two successive blood meals). We further explicitly account for variation in the 
duration of development from L1 to L3. the basic assumption underlying the use of a fixed 
proportion v is that at any moment the fly-population has a stable age-distribution and that the 
no. of bites per person is large enough to disregard the age of the biting flies. 


Calculation of the transmission probability v 
For ONCHOSIM-2, transmission probability v has to be calculated outside the model and has 
to be given as a parameter. This section describes the necessary calculations. 
Assume that a fly engorges one L1-larva at her mth blood meal, then the probability to release 
an L3-larva n blood meals later is by: 


Prel n | i, j,m( ) = PL1→L3 ⋅ 1−PL3→( )i ⋅PL3→L3
i ⋅PL3→ ⋅S m,n ⋅ j( )  (13) 


with: 
 Prel(n|i,j,m) 


The probability to release one L3 larva at the (m + n)th blood meal if one L1 
larva has been engorged at the mth blood meal, given that 


- a gonotrophic cycle takes j days 
- between blood meals m and m + n there have been i potentially 


infective blood meals (i.e. blood meals at which the L1-larva had 
already developed to the L3-stage) 


PL1→L3 The probability that an L1-larva develops to the L3-stage, given survival of the 
fly: PL1→L3 = 0.85. 


PL3→L3 The probability that an L3-larva which is not released at a given blood meal 
survives to a next blood meal, given survival of the fly: PL3→L3 = 0.90. 


PL3→ The probability that an L3-larva is released at a blood meal: PL3→ = 0.65. 
S(m,t) The probability that a fly survives for t days until blood meal m. 


 
In order to arrive at a general solution for all possible values of i, we use the probability 
distribution of the number of potentially infective blood meals since the intake-meal and 
before the release meal: 


Prel n | j,m( ) = Prel n | i, j,m( ) ⋅Pib i | n, j( )"# $%
i=0


n−1


∑  (14) 
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Pib i | n, j( ) = FdL1→L3 j n− i( )( )−FdL1→L3 j n− i−1( )( )  (15) 


with: 
 Pib(i | n,j) 


The probability that before the nth blood meal since intake, i blood meals have 
been potentially infective (L1 has become L3), given a cycle length of j days. 


 FdL1→L3(t) 
Probability that the duration of development of L1 to L3 is equal to or less than 
t days (FdL1→L3(t) = 0.0 for t ≤ 5; 0.07 for t = 6; 0.86 for t = 7; 1.0 for t ≥ 8 
days). 


 


A general solution for all possible values of m can be obtained by incorporating the 
probability that a fly takes her mth blood meal: 


Prel n | j( ) = Prel n | j,m( ) ⋅Pb m | j( )"# $%
m=1


mmax


∑  (16) 


Pb m | j( ) = L j m−1( )( ) / j m−1( )( )
m=1


mmax


∑  (17) 


with: 


 Pb(m | j) 
Probability that a feeding fly takes her mth blood meal at a cycle length of j 
days. 


L(t) Probability that a fly lives for at least t days. At present we assume an age-
independent daily survival of 0.78. 


 


Generalizing for j can be achieved by summation, weighted for the probability distribution of 
the duration of the gonotrophic cycle: 


P n( ) = Prel n | j( ) ⋅Pgc j( )"# $%
j= jmin


jmax


∑  (18) 


with: 
Pgc(j) Probability that a gonotrophic cycle takes j days (i.e. j days between successive 


blood meals; Pgc(j) = 0.0 for j ≤ 2; 0.2 for j = 3; 0.6 for j = 4; 0.2 for j = 5; 0.0 
for j ≥ 6 days). 


 


Using the following equality 


S m,n ⋅ j( ) = L j m+ n−1( )( ) / L j m−1( )( )  (19) 


the average probability than an L1-larva taken from a human will develop to the L3-stage and 
released to another human is given by: 
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Prel = PL1→L3 ⋅PL3→ ⋅


Pgc j( ) ⋅ 1
L j m−1( )( )m=1


mmax∑


%


&


'
'


(


)


*
*


m=1


mmax


∑ ⋅ L j m+ n−1( )( ) ⋅ 1−PL3→( ) ⋅PL3→L3%& ()
i


i=0


n−1


∑ ⋅
+
,
-n=1


nmax


∑


1−PL3→( ) ⋅PL3→L3%& ()
i


i=0


n−1


∑ ⋅ FdL1→L3 j n− i( )( )−FdL1→L3 j n− i−1( )( )%& ()
.
/
0


+


,


1
11


-


1
1
1


.


/


1
11


0


1
1
1


j= jmin


jmax


∑  (20) 


 
In equation (16), (17) and (18): 


mmax =
amax


j
+1                  , truncated to integer


nmax =
amax − m ⋅ j( )


j
+1      , truncated to integer


 (21) 


with: 
 amax Maximum attainable age of the fly (i.e. age at which L(T) approaches zero). 


 
The transmission probability v is now given by: 


v = Prel ⋅ 1− z( )  (22) 


with: 
 z Fraction of fly-bites on non-human objects (zoophily; z = 0.04) 


Using the indicated quantifications, we have calculated a v of 0.073 released larvae per L1-
larva resulting from a given mf-uptake. Note that formula (20) reduces to a much more simple 
form if we assume that each day a fraction S of the flies survive, that the gonotrophic cycle 
has a fixed duration of dgc days, and that the number of blood meals needed to complete the 
development of L1 to L3 is fixed to n1→3: 


Prel = PL1→L3 ⋅PL3→ ⋅
Snl→3⋅dgc


1− Sdgc ⋅ 1−PL3→( ) ⋅PL3→L3
 (23) 


Blindness and excess mortality 
The event of a person going blind at age a (months) depends on the accumulated parasite 
load (elc) of a person: 


elc a( ) = el x( )
x=o


a


∑  (24) 


Each person has a threshold level elc (denoted as Elc) at which a person goes blind. Elc 
follows a probability distribution: Elc ~ Weibull(muElc,αElc), with mean muElc = 10,000 and 
shape αElc = 2.0. Person i goes blind at age a when: 


elci a( ) ≥ Elci > elci a−1( )  (25) 







 s13 


At that moment the remaining lifespan at age a is reduced by a factor rl which follows a 
uniform distribution on [0,1] (hence on average rl = 0.5).l 


Ivermectin: mass treatment coverage and compliance 
The primary characteristic of a certain ivermectin mass treatment w is the coverage Cw 
(fraction of the population treated; typically 0.65). However, a difficulty in calculating 
individual chances of participation is that there are several exclusion criteria for the drug. 
Moreover, compliance to treatment differs from person to person. Exclusion criteria can be 
either permanent (chronic illness) or transient (children below 5 and pregnant or breast-
feeding women). We define the eligible population as the total population minus a fraction fc 
(=0.05) that is permanently excluded from treatment (in the model from birth to death). The 
coverage among the eligible population is now given by:m 


Cw
' =Cw / 1− fc( )  (26) 


The transient contra-indications and other age- and sex-related factors are taken into account 
in the age- and sex-specific relative compliance cr(k,s) for each age-group k and sex s. Based 
on OCP data we use: 


 


age-group (k) 0-4 5-9 10-14 15-19 20-29 30-49 50+ 


cr(k,males) 0.00 0.75 0.80 0.80 0.70 0.75 0.80 
cr(k,females) 0.00 0.5 0.70 0.74 0.65 0.70 0.75 


 
Note that in cr(k,s,) only the ratio between the values for the different groups is relevant. 


Now, the coverage c(k,s,w) in each of the age- and sex-groups at treatment round w is 
calculated as: 


c k, s,w( ) =
cr k, s( ) ⋅N w( )
cr k, s( ) ⋅N k, s,w( )


k=1


na∑s=1


2
∑


⋅Cw
'


 (27) 


with: 
 N(k,s,w,) 


Number of individuals eligible to treatment in age-group k and sex s at 
treatment round w. 


 N(w) Total number of eligible individuals at treatment round w. 
 


Finally, the probability to participate in treatment round w for an eligible person i of age-
group k and sex s is given by: 


                                                
l Any other probability distribution defined on [0,1] can be used (e.g. a beta distribution). 
m This is a code improvement compared to the original version of ONCHOSIM, in which the expected coverage 
in the eligible population was defined as Cw


' =Cw + fc . This code improvement did not have consequences for 
the quantification of the effects of ivermectin, as these were calibrated to data from individuals who had been 
treated with certainty.  
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Ptri,w = coi
1−c k,s,w( )
c k,s,w( )  (28) 


with: 
coi Personal compliance index. This is considered as a lifelong property and is 


generated by a uniform distribution on [0,1] 
 


Note that for all k and s the average value of Ptri,w equals c(k,s,w).n 


Ivermectin: the parasitological effect of treatment 
In the present simulation study, we use two alternative sets of assumptions about ivermectin 
efficacy. The first assumption set was calibrated on community trial data [3,11] and has been 
used in previous applications of the model [5–7]. The second assumption set was developed 
for this particular study, and tries to capture more recent insights into the mechanisms by 
which ivermectin affects adult worms through macrofilaricidal effects and congestion of 
female worm uteri with dead mf [24–34]. Assumption set 1 was adopted directly from the 
original publication on its quantification[3]. Assumption set 2 was calibrated using aggregate 
data from Guatemala [27] and literature data from a published meta-analysis [35] (explained 
in more detail at the end of this document). Table 2 in the main document gives an overview 
of the quantification of the two assumption sets. Here, we give a mathematical description of 
the model mechanics. A detailed description of the methods used to calibrate assumption set 2 
is given at the end of this documents (methods for quantifying assumption set 1 have been 
described elsewhere [3]). 


Assumption set 1 


In this set of assumptions, we assume that an effective treatment with ivermectin causes 
elimination of 100% of the microfilariae from the skin-tissues.o In addition, the first 
assumption set assumes that ivermectin permanently and cumulatively decreases the capacity 
of adult female worms to produce mf, after a temporal interruption in mf productivity. The 
temporal and permanent impact of the drug on the subsequent mf productivity r of a female 
parasite j in person i is given by: 


rj,i t( ) = rj,i0 t( ) ⋅ 1− vid( ) ⋅ t
viTr
#


$
%


&


'
(


s


      if   uj > vim,    vid <1,   and t < viTr


rj,i t( ) = rj,i0 t( ) ⋅ 1− vid( )                     if   uj > vim,    vid <1,   and t ≥ viTr


rj,i t( ) = 0                                         otherwise


 (29) 


with: 
 t Time (months) since treatment. 


                                                
n In ONCHOSIM we recognize 3 ‘coverage-models’. In model 0, the probability to be treated is as given in 
formula (28).  In model 1, the probability is equal to c(k,s,w) (hence, the ‘compliance index’ is ignored). The 
simplest model is model 2 in which the treatment probability simply equals C’w. All models take account of a 
fraction fc of permanently excluded persons. 
o Lower fractions are also possible. Further, the instantaneous effect can be described by a continuous probability 
distribution (which should generate random variables between 0 and 1). 
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rj,i(t) mf-productivity of female worm j at t months after treatment with ivermectin 
of person i (see equation (5)). 


r0
j,i(t) The mf-productivity of this worm j had person i not been treated at the last 


round. 
vi Relative effectiveness of treatment in person i. For every separate treatment 


and person, a new value is drawn for vi (i.e. the relative effectiveness applies to 
all worms in a person during a specific treatment). 


d Average permanent (unrecoverable) reduction in mf-productivity resulting 
from treatment (d = 0.349).p 


Tr Average duration of the period of recovery, i.e. the period during which the mf-
productivity of the female worm increases from 0 to the new equilibrium (Tr = 
11 months). 


s Shape parameter of the recovery function (s = 1.5). 


uj Random number on [0,1] generate for each female worm j. 
m Average fraction of female worms killed as a result of treatment (in ivermectin 


assumption set 1, m = 0). 
 


The relative effectiveness vi is a random variable generated by a probability distribution: vi ~ 
Weibull(1.0,αv), with αv = 2.0. In addition to this, we explicitly consider that some persons 
(5% of the treated population) do not at all react to the drug during a certain treatment due to 
malabsorption (e.g. due to vomiting or diarrhoea).q 


Assumption set 2 


In this assumption set 2, we also assume that an effective treatment with ivermectin causes 
elimination of 100% of the microfilariae from the skin-tissues. We assume that ivermectin 
does not permanently reduce mf production capacity, but rather kills a proportion of all 
female and male worms in a person, allowing the expected proportion to differ by worm 
gender. The proportions of female and male worms killed (pf and pm) are described by beta 
distributions, allowing variation between persons and treatments (but not between worms 
within persons): 


pf ~ Beta af ,bf( )
pm ~ Beta am,bm( )


 (30) 


where: 


ax = µx ⋅W
bx = 1−µx( ) ⋅W  (31) 


with: 


ax, bx Shape parameters for a beta distribution with mean ax / (ax + bx) (which is equal 
to µx ) and variance (axbx) / ((ax + bx)2(ax + bx + 1)).  


                                                
p In the sensitivity analysis, this parameter was set to a 2/3 and 3/2 higher value. 
q Apart from the permanent reduction in mf-production (d) of female worms, another irreversible effect on (male 
+ female) worms that can be specified is a fraction of the worms that is killed immediately after treatment. 
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µx  Expected proportion of worms of gender x killed. For females worms, this 
parameter was calibrated at 0.060 (6.0%); for male worms, this was value was 
0.123 (12.3%).r 


W Sample size of the beta distribution. The larger W is, the smaller the variation 
in macrofilaricidal effect between treatments and persons. Because W could not 
be estimated from the data, it was arbitrarily set to 50, such that the 2.5% and 
97.5% percentiles of the proportion of female and male worms killed were 
3.9% – 19.0% and 1.3% – 14.0%, respectively. 


 


We assumed that the macrofilaricidal effects on male and female worms were perfectly 
correlated by drawing a random number from the [0,1] interval and feeding these into the 
inverse cumulative beta distributions for pf and pm. 
In addition, assumption set 2 specifies that successful treatment causes a temporary stop in mf 
production by female worms due to uteral congestion with dead mf. This effect only takes 
place if a female worm was actually producing mf at the time treatment. Time until 
resumption of mf production is assumed to vary per worm and treatment, following an 
exponential distribution with a mean of 3.5 years. This implies that 5% of adult female worms 
can be inseminated and release microfilariae within two months after exposure to ivermectin, 
63% after 3.5 years, and 95% after 10.5 years. In general, the fraction of adult female worms 
with resolved congestion is given by: 


fr (t) =1− e
−t/τ  (32) 


with: 


fr  The fraction of adult female worms in which uteral congestion has resolved. 


τ  The mean of the exponential distribution. 


 


Vector control 
Vector control is modeled as a % reduction of the monthly biting rates during a given period 
of time. A period of vector controls is specified as the year + month of the beginning of the 
strategy and the year + month of the end of a strategy. If a certain month during a period of d 
days larvicides have been applied, then the reduction in Mbr(m) in that month equals d/30 x 
100%. 


Simulation warm-up 
In general, before starting simulation of interventions in ONCHOSIM, a 200-year warm-up 
period is simulated, such as to allow the human and worm population to establish equilibrium 
levels, given the parameters for average fly biting rate and inter-individual variation in 
exposure to infection. At the start of the warm-up period, an artificial force of infection of 
four L3 larvae per person per year is simulated for 90 months (7.5 years), allowing worms to 
establish themselves in the human population. After those initial 90 months, transmission is 
governed exclusively by fly bites and the processes described above. After the 200 warm-up 


                                                
r In the sensitivity analysis, these proportions were set to 2/3 lower and 3/2 higher values. 
s In ONCHOSIM more than on period of vector control, each with its own effectiveness can be specified. 
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years, the simulated infection levels are no longer correlated with the initial conditions at the 
start of the warm-up period. 


Calibration of assumption set 2 regarding ivermectin efficacy 
The model parameters for assumption set 2 were calibrated in several steps. Parameters could 
not be estimated all at once because there was high correlation between the parameters for 
excess mortality among worms and duration until resolution of the plug of dead microfilariae. 
This correlation can be explained as follows: long persistence of the plug is essentially 
equivalent to mortality, because either way, worms can no longer produce microfilariae. 
Therefore, we first estimated mortality among worms separately from Guatemalan data on 
worm survival, published by Cupp [27] . Next we estimated the mean and variance of the 
duration until resolution of the plug of dead microfilariae, based on a published meta-analysis 
on the effects of a single dose of ivermectin [35]. 


Calibration of macrofilaricidal effects 


The parameter values for macrofilaricidal effects of ivermectin were estimates in two steps. 
First, we roughly estimated excess mortality among male and female worms by means of a 
statistical model. Next, we refined our estimates by dynamically modeling worm survival in 
ONCHOSIM.  Estimates were based on data published Duke et al [31], and republished by 
Cupp et al [27]. The data pertain to a field study on worm survival as observed in extirpated 
nodules from infected volunteers. The volunteers all lived in a community where semiannual 
treatment was taking place, and a selection of volunteers received three monthly treatments. 
Worm counts were compared between two treatment arms: quarterly treated individuals and 
untreated controls from the area. Data were available for one, two, and three years after start 
of mass treatment. Nodules were extirpated at the same time points for both treatment arms 
(Table A2). 
When analyzing these data, we assumed that during the trial, minimal transmission of L3 took 
place, which is likely as it was reported that most people in the community took ivermectin. 
In other words, we attribute the observed trends in number of worms entirely to natural 
attrition and excess mortality from ivermectin. We only considered the ratio of the average 
number of (male or female) live worms in the treatment arm over the control arm, at each 
time point, assuming that natural attrition is the same for the two treatment arms. We 
estimated excess mortality among male and female worms by maximizing the log likelihood 
function, assuming a Bernoulli model (with proportions as observations instead of zeroes and 
ones) and equal weight for all data points: 


pi ⋅ log p̂i( )+ 1− pi( ) ⋅ log 1− p̂i( )
i=1


3


∑  (33) 


Here, p-hat is the estimated ratio of number of worms in the quarterly and control treatment 
arms (assuming that this ratio is always a proportion, i.e. there will always be fewer worms in 
the quarterly treatment arm), p is the observed ratio, and i is the i-th data point (three time 
points for each sex). The estimated ratio of number of worms in the two treatment arms p-hat 
was calculated by 


p̂i = m̂sex( )Tqi / m̂sex( )Tci = m̂sex( )Tqi−Tci = m̂sex( )Tqi  (34) 


Here, m-hat is one minus the estimated excess mortality rate for male or female worms, and 
Tqi and Tci are the cumulative number of treatments at time point i. Natural attrition is not part 
of this equation, as we assume that it is equal for both treatment. 
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Based on all three time points, excess mortality among male worms was estimated to be 
14.0%, for female worms this was estimated at 6.8%. However, it is possible that during that 
first year after the first treatment, in reality there was still an influx of adult worms from the 
pre-patent worm population that was transmitted in the previous year. Assuming that the pre-
patent period is about one year (as in ONCHOSIM), we also estimated excess mortality based 
on the second and third time points only: 15.0% and 7.3% among male and female worms, 
respectively (Table A2). 


 
Table A2: Estimates of excess mortality among male and female worms based on worm survival data from 
Guatemala [27,31]. We assumed that no transmission of L3 took place during periods of 6-monthly and 3-
monthly mass treatment. All data points were treated with equal weight. 


Time (years) 1 yr 2 yr 3 yr 


Treatment arm* Control 4x/year Ratio Control 4x/year Ratio Control 4x/year Ratio 


Number of treatments 0 4  0 8  0 11  


Female worms per nodule 1.54 1.26 0.818 1.58 1.08 0.684 2.00 0.61 0.305 


Male worms per nodule 1.29 0.80 0.620 1.17 0.25 0.214 1.30 0.28 0.215 


Estimated excess mortality 
(fraction) per treatment** 


Statistical model Dynamical model 
(ONCHOSIM) 


   


Females worms 0.073 (0.068)  0.060 (0.060)     


Male worms 0.150 (0.140)  0.123 (0.123)     


total -2LL 4.742   2.601      


* Control subjects (C) were untreated, but came from the same population as the quarterly (4x/year) treated individuals. Both treatment arms 
originated from a population undergoing semiannual treatment. Therefore, we assume that no (minimal if any) transmission of infection took 
place during the trial. ** Values between brackets pertain to an analysis of data from all three time points. However, at the first time point, 
there was probably still influx of new adult worms from the pre-patent population that was transmitted in a previous year. Therefore, the first 
time point was excluded from analysis. 


 
To refine above statistical estimates, we also predicted number of adult female worms per 
person for each treatment arm in ONCHOSIM (ONCHOSIM currently does not provide 
output on male worms). The number of adult female worms per person was assumed to be 
proportional to the number of female worms in an extirpated nodule from such persons 
(nodule extirpation is currently not implemented in ONCHOSIM). Ratios of number of 
female worms in the simulated treatment arms were then compared to the original data. For 
these simulations, we modeled a human population exposed to three L3 stage larvae per 
person per year, allowing for variation by age, sex, and occupation/behaviour (equivalent to 
CMFL ~55 mf/ss). The infection level was set this high to allow a large number of worms to 
be simulated. The actual infection level was assumed to be of no consequence for excess 
mortality among worms. The trial was modeled such that after the first treatment, there was 
no more transmission in either treatment arm (i.e. force of infection equal to zero). Again, 
predicted ratios of live female worms in the treatment arms were compared to the data 
pertaining to either all three time points, or to the second and third time point only. In both 
comparisons, the best model fit was obtained with 6% excess mortality among female worms. 
Because ONCHOSIM currently does not provide output on the number of male worms, we 
assumed that excess mortality among male worms is proportional to that among female 
worms (i.e. 6 * 15 / 7.3 = 12.3%). 
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The fit of the ONCHOSIM predictions to the data did not change in an informative way too 
allow calibration of the parameter for variation in the macrofilaricidal effect per treatment and 
individual. Therefore, the sample size of the beta distribution was arbitrarily set to 50. 


Calibration of parameters for duration of uteral congestion in female worms 


In general, parameter calibration for the duration of uteral congestion by dead mf was 
performed by means of a grid search of parameter values. Exploratory simulations for 
combinations of parameter values from a rough grid were used to identify the most likely 
ranges for parameter values. More detailed grid searches spanning a smaller range of 
parameter values were used to fine-tune parameter values. Model fit was optimized by 
maximizing the log likelihood for observed relative infection levels (observed levels / pre-
control levels) versus predicted relative infection levels. Excess mortality among female and 
male worms was assumed to be 6.0% and 12.3%, respectively, based on the analysis 
described in the previous section. 


Parameters for the mean and variation of plug longevity were calibrated to data from a meta-
analysis of the effect of a single dose of ivermectin by Basanez et al [35]. We discarded data 
pertaining to the period up to one month after treatment with ivermectin. These data show a 
declining pattern in mf loads in the skin, whereas in ONCHOSIM, we assume that 
microfilariae are instantly killed by ivermectin. This discrepancy is probably not relevant for 
any transmission effects in the long term, but would affect model fit if the data were included. 
Because almost all studies included in the meta-analysis reported data pertaining to geometric 
microfilarial loads in individuals of at least age 20, we compared data to model predictions for 
CMFL (geometric mean load in people of age 20 and above). To reduce the influence of 
sources of variation between studies, comparisons were made in terms of CMFL relative to 
the pre-control level of CMFL (similar to the methodology in the meta-analysis). Almost all 
study populations had geometric mean microfilarial loads between 30 and 60 mf/ss. From 
exploratory simulations we concluded that for endemic populations with a CMFL of ~30 to 
~60, the pre-control CMFL hardly influences trends in relative CMFL (relative to pre-control 
CMFL) during two years after a single dose of ivermectin. Therefore, we assumed pre-control 
CMFL to be 50 mf/ss for all data points (equivalent to a stable force of infection of about 
three stage L3 larvae per person per year). Exploratory simulations showed that the magnitude 
of variation in exposure to force of infection at the level of individuals (i.e., variation related 
to behaviour/occupation) influenced the simulated pre-control CMFL, but not simulated 
trends in relative CMFL over time (relative to pre-control CMFL). Therefore, we assumed 
that variation at the level of individuals was the same for all data points. Relative exposure at 
the individual level was assumed to follow a Gamma distribution with mean 1 and shape 3.5; 
the value 3.5 having been previously estimated to be appropriate for describing a mixed 
population consisting of individuals from several villages (unpublished data). 
We assumed that there were no effects of ivermectin on transmission (force of infection) 
because most studies pertained to clinical trials (e.g. no population-level effects of 
ivermectin), and because transmission effects of a single dose of ivermectin – if any – only 
come into effect after at least one year (the estimated pre-patent period for a new-born worm). 
All data points pertained to the first year after treatment with ivermectin, except for one 
clinical trial that reported results for 22 months post-treatment. To nullify transmission effects 
in the simulations, we set the fly biting rate to zero and artificially introduced an average of 
three L3 larvae per person per year into the simulated population (allowing for variation by 
age, sex, and individual behaviour/occupation). To mimic a trial setting in the ONCHOSIM 
simulations, we assumed that all adult individuals took ivermectin (100% compliance). The 
only reason that treatment was assumed to be able to fail, was through malabsorption of 
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ivermectin (in 5% of individuals, an assumptions already implemented in ONCHOSIM). 
Further, sensitivity analyses showed that proportion of male worms killed by ivermectin and 
variation in killing by treatment and person were not important for fitting the model to the 
data (these effects may only become important after repeated treatments). 
The model parameters were fit by maximizing the following likelihood, assuming a Bernoulli 
model (with proportions as observations instead of zeroes and ones) and equal weights for all 
data points: 


pi ⋅ log p̂i( )+ 1− pi( ) ⋅ log 1− p̂i( )
i=1


n


∑  (35) 


Here, p-hati is the estimated relative CMFL level (ONCHOSIM), pi is the observed relative 
CMFL level (meta-analysis data), and n is the number of data points. We assumed equal 
weights for all data points.  


We first performed exploratory simulations for a low resolution grid of parameter values to 
determine the most likely range for each parameter; the parameter for mean duration was 
varied by 12 months and the parameter for the shape of the Weibull distribution of duration 
was given the values 0.5, 1, 2, 4, 8, and 16. From these simulations, we concluded that the 
shape parameter for the Weibull distribution for plug longevity should be about 1. Larger 
values forced the pattern in CMFL over time after treatment to follow a sigmoidal pattern, 
yielding worse fit of the model to the data. Smaller values caused CMFL to increase quickly 
and steeply after treatment and reach a plateau state. In both cases, the model predicted CMFL 
levels that were generally higher than those observed in the data. Therefore, we simply 
assumed that the shape parameter was 1, making the Weibull distribution equivalent to an 
exponential distribution, and yielding a quasi-linearly increasing pattern of CMFL over time 
after treatment (Figure A2). 


Figure A2: ONCHOSIM predictions for prevalence of microfilariae in the skin (mf prevalence) and the 
community microfilarial load (CMFL; geometric mean skin microfilarial load in individuals of age 20 and 
above) during two years after a single dose of ivermectin, relative to pre-control levels of infection. Data points 
represent relative CMFL values from a published meta-analysis of the effects of a single dose of ivermectin [35]. 
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Further, exploratory simulations indicated that the mean longevity of a plug of dead mf was 
between 2.0 and 4.0 years (given an exponential distribution). By means of a high-resolution 
grid search (changing the mean duration by a month for each grid step), we determined that 
the best model fit was obtained with a plug longevity between 40 and 44 months (Figure A2). 
The data were not informative enough to allow the further pinpointing of the estimate, and 
therefore we adopted the estimate of 42 months (3.5 years). This estimate is equivalent to 
assuming that 5% of female worm can release mf again (if inseminated) within 2 months after 
exposure to ivermectin. Similarly, 25% of female worms can release mf within 1 year, 50% 
within 2.5 years, 75% within 5 years, and 95% of the female worms can release mf within 
10.5 years (an age they do not necessarily reach). In other words, ivermectin was assumed to 
effectively sterilize a small fraction of the worms, in addition to macrofilaricidal effects. 
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Required duration of combined annual
ivermectin treatment and vector control
in the Onchocerciasis Control Programme
in West Africa
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In the extension areas of the Onchocerciasis Control Programme in West Africa, aerial larviciding is
supplemented with annual ivermectin treatment, mainly to achieve better control of morbidity. The purpose
of this study is to determine whether and to what extent the addition of annual ivermectin treatment permits
earlier cessation of vector control than originally recommended. The effectiveness of combined ivermectin
distribution and vector control was assessed using an epidemiological model. Model predictions suggest
that, dependent on the pre-control endemicity of the area and the proportion ofpersons treated during each
ivermectin round, large-scale annual treatment permits a considerable reduction in the duration of vector
control. Taking into account uncertainty about the efficacy of ivermectin, our results indicate that, provided
treatment coverage is at least 65% and there is no importation of infection from elsewhere, 12 years
of combined control will be sufficient to reduce the risk of recrudescence to below 1% in even the most
afflicted areas.


Introduction
When the Onchocerciasis Control Programme in
West Africa (OCP) started its activities in 1975, the
only reliable strategy for controlling river blind-
ness was larviciding of the rivers where the vector,
Simulium damnosum, breeds. This technique en-
ables the interruption of transmission of Onchocerca
volvulus until the parasite reservoir in the human
host is reduced to levels that will not lead to recru-
descence after the cessation of larviciding and return
of the flies. On the basis of model projections it
was estimated that 14 years of vector control would
be sufficient to achieve this objective, provided
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there was no importation of new infection (through
humans or flies) (1).


The registration of ivermectin for human use in
1987 represented a breakthrough in the control pos-
sibilities for the disease. Treatment with ivermectin
causes a drastic decline in microfilariae (mf) densi-
ties and has a significant impact on the development
of ocular pathology (2-4). Furthermore, ivermectin
has few side-effects and is proven to be suitable
for large-scale application (5, 6). The availability of
ivermectin made possible a reorientation of the OCP
and a review of its original plans. The expected
primary role of the drug was the control of morbidity
in extension areas and in those parts of the original
area where vector control was unsuccessful or where
vector reinvasion was reported (7). It was, however,
equally important to determine to what extent
mass ivermectin treatment, either on its own or in
combination with vector control, could contribute
to control of mf transmission. Although community
treatment trials suggested a noticeable impact on
transmission (8-10), the remaining level of transmis-
sion was too high to justify the total substitution of
mass chemotherapy for vector control. This was con-
firmed by preliminary model predictions showing
that annual ivermectin treatment alone was not ex-
pected to eradicate the parasite from an endemic
area within a period of 25 years (11, 12).


The present article reports an estimate of the
required duration of a strategy based on the combi-
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nation of vector control and annual ivermectin treat-
ment. This strategy is currently applied in extension
areas of the OCP. In these areas, vector control was
initiated during 1988-90, while routine ivermectin
treatment started in 1990 (10, 13). An important
question is whether and to what extent the addition
of ivermectin to larviciding allows for a reduction
in the minimum duration of vector control of 14
years for the prevention of recrudescence (1, 14).
Such a shortening would imply significant savings in
effort and money. In addressing this question, we
utilize recent findings on the effect of ivermectin
on the viability of adult worms (15). Assessment of
the potential effects of various strategies is based on
model predictions.


Materials and methods
In this study, the effectiveness of a strategy - a
certain combination of vector control and annual
ivermectin treatment - is represented as the risk of
recrudescence of infection after strategy cessation.
Calculation of this risk is based on the stochastic
microsimulation model ONCHOSIM and the statis-
tical analysis of results. A complete description of
this model and its validation have been reported
elsewhere (16-18).


Basic assumptions
Vector control operations are assumed to be 100%
effective, i.e. to reduce the biting rate to zero. In
agreement with empirical observations, flies immedi-
ately recolonize their former breeding sites after the
cessation of larviciding (8). It is, therefore, assumed
that the post-control biting rate is equal to the pre-
control level. On the basis of analysis of longitudinal
data from a community trial of annual ivermectin
treatment in Asubende (Ghana) (15, 19), the follow-
ing assumptions with respect to the effect of an
ivermectin treatment given at a standard dose of
approximately 150 tg/kg body weight are made: all
mf are eliminated, after a temporary loss of fertility,
mf production of female worms increases for 10-11
months, and mf production reaches a new equilib-
rium level 35% lower than before treatment (95%
confidence interval (CI): 25-40%). Both the recov-
ery period (mean, 10-11 months) and the irrevers-
ible fertility reduction (mean, 35%) vary between
treatments (coefficient of variation (CV) = 0.54).
The irreversible fertility reduction has an exponen-
tial effect, i.e. after n treatments the average female
worm produces mf at 100 x (0.65")% of the rate
before treatment (e.g. 12% after five treatments).
We test the implications of a lower drug efficacy by


assuming a 25% irreversible fertility reduction per
treatment (the lower bound of the CI). It is further
assumed that 3% of treatments fail totally as a result
of malabsorption (diarrhoea and/or vomiting) (6).
The treatment coverage (proportion of the census
population in a village receiving the drug) is also a
variable in the analysis reported here. We take ac-
count of age- and sex-differences in coverage (in part
due to temporary exclusion criteria (19)), individual
variation in willingness to comply with treatment,
and those permanently excluded from treatment as a
result of chronic illness. An explanation of how these
individual factors yield mean population coverage is
provided in the Annex.


On the basis of these assumptions,
ONCHOSIM has been used to simulate various
strategies in human populations of around 300 (rep-
resentative village size). Two model villages are con-
sidered: one with a high and the other with a medium
pre-control mf-endemicity level. The levels chosen
are similar to those used in Tiercoura and Folonzo
(in Burkina Faso), as discussed previously (1, 17),
which had pre-control community microfilarial loads
(CMFL, the geometric-mean mf load in adults) of 70
and 30mf per skin-snip, respectively. For these
villages, denoted in this article as HIGH and MED,
respectively, observations of pre-control biting rates
are lacking. Using observations from the Pru river,
close to the highly endemic Asubende region in
Ghana (8, 19), the annual biting rate in the absence
of vector control in HIGH was estimated to be 27000
bites per person per year (for adult men) and in
MED, 16000. Maximum exposure to bites is reached
at the age of 15 years. Women are, on average, 30%
less exposed than men. The CV of bites/person
within a given age and sex group is estimated to be
0.39 for HIGH and 0.54 for MED. Since the biting
rate in a village is a risk factor for recrudescence (1),
we also model a Tiercoura-like village with an
exposure (bites/person) CV of 0.58.


Simulation of control strategies
A control strategy is described by the number of
years of vector control (v), the number of annual
ivermectin treatments (i), and the treatment cover-
age (c, assumed to be constant during the whole
duration of the strategy). A number of combinations
of v (range: 0-15 years), i (range: 0-25), and c
(range: 45-75%) are simulated. The result of each
simulation is represented as recrudescence (value =


1) or no recrudescence (value = 0). We posit that
recrudescence has occurred when, 50 years after
strategy cessation, the CMFL is higher than lOmf/
skin-snip (1). As the model is stochastic, a given
control strategy for one simulation can result in
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recrudescence and for another not. It is assumed that
importation of infection from elsewhere (by humans
or flies) does not occur. Thus, recrudescence is ex-
clusively dependent on local transmission. An exam-
ple of a control strategy followed by recrudescence
(failure) is shown in Fig. l(a), while an example of
a successful control strategy is shown in Fig. 1(b).
Both results are derived from a single simulation,
and the possibility of dissimilar results from re-
peated simulations of identical strategies cannot
be excluded.


Fig. 1. Simulated microfilaria (mf) prevalence, com-
munity mf load (CMFL), and blindness prevalence, as
a percentage of pre-control levels, in a high-endemic-
ity village during and after combined vector control
and annual ivermectin treatment (coverage, 65%). a)
Recrudescence after 8 years of combined control; b) No
recrudescence after 11 years of combined control.
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Statistical analysis of simulation results
As a result of variability in simulation outcomes,
statistical analysis is required to relate recrudescence
risk to strategy characteristics. Since recrudescence
is a binary (0/1) variable, risk estimates were ob-
tained by means of logistic regression using SPSS
software. In their most complete form, regression
equations included the independent variables v and
ic, their square and cubic forms (e.g. v2, ic3), as well as
linear, square, and cubic combinations (e.g. v3i2c).
The variables i and c always appear as a combination
because i = 0 implies the absence of ivermectin
treatment regardless of the value of c, and vice versa.
Regression coefficients were first estimated with
only the linear and square terms; insignificant terms
were removed from the equations (likelihood-ratio
test, P > 0.1), and possibly significant cubic terms
were added (P < 0.05). The Wald criterion (20) was
used to select the terms eligible for inclusion or ex-
clusion. Regression equations were derived for each
of the model villages and for each assumption of
drug efficacy. The resulting equations, each based on
3000 to 6000 simulations, enable a one-step calcula-
tion of the risk of recrudescence for a given v, i, and
c. The reverse (i.e. given i and c, to determine how
long the control strategy must last to reduce the risk
to 0.01) is determined numerically. For several con-
trol strategies, goodness-of-fit of the equation was
tested by comparing the risks predicted by the re-
gression model with those obtained by simulating
the same strategy 100 times and calculating the pro-
portion of recrudescence. In all cases both estimates
were in close agreement.


50 Results
Fig. 2 shows how the risk of recrudescence depends
on combinations of annual ivermectin treatment and
vector control in village HIGH. It is assumed that
average treatment coverage is 65% and that both
control methods start in the same year. The curves
represent isorisk lines, and connect those strategies
resulting in equal recrudescence risks (0.01, 0.1, 0.5,


and 0.99). Below or to the left of each isorisk line
(less vector control and fewer annual treatments,
respectively) risk is higher than on the line; above or
to the right, it is lower. In the absence of ivermectin
treatment (points on the ordinate), approximately 13
years of vector control are required to reduce the


g recrudescence risk to 0.01. If larviciding is combined
> with annual ivermectin treatment throughout the
W control period, a total duration of 11 years is suffi-


I cient to achieve the same result (intersection point of
50 isorisk and dashed line). The isorisk lines shown in


Fig. 2 diverge with an increasing number of annual
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Fig. 2. lsorisk lines (representing equal probabilities
(P) of recrudescence) for different combinations of
vector control and annual ivermectin treatment (cov-
erage, 65%) in a high-endemicity village. Dashed line
represents equal numbers of years of vector control and
ivermectin treatments.


0 5 10 15 20 25
No. of annual ivermectin treatments


ivermectin treatments. In the absence of ivermectin
treatment, the risk of recrudescence changes from 0
to 1 when the duration of vector control is shortened
from 13 to 10.5 years. With 11 ivermectin treatments,
the same range of risk occurs over a much wider
range of duration of vector control: 11-6 years. If
ivermectin treatment is continued for 25 years, even
in the absence of vector control recrudescence risk is
reduced to 0.5. However, 6 years of larviciding are
still required to reduce the risk to below 0.01. The
reason for this divergence is that ivermectin treat-
ment involves more random factors, with respect to
both the participation of persons (coverage and/or
compliance) and the effect of treatment. As the
number of treatments increases, so does the cumula-
tive effect of these chance factors, leading to greater
variability in the calculation of recrudescence risks.


The effect of alternative treatment coverage
levels for village HIGH is shown in Fig. 3(a). Isorisk
lines (0.01) are shown for varying coverage levels.
Especially for longer periods of treatment, the effect
of treatment coverage is considerable. Higher cover-
age levels allow greater reductions in the duration of
vector control. For example, if annual treatment
continues for 10 years with 45% coverage, the con-
trol strategy can be shortened by only slightly more
than 1 year compared with a strategy without iver-
mectin treatment. When coverage is 75%, savings of
almost 2 years can be achieved. Fig. 3(b), repre-
senting the same parameters for village MED, dem-
onstrates that the effectiveness of control strategies


Fig. 3. Isorisk lines (P = 0.01) for different combina-
tions of vector control and annual ivermectin treat-
ment, at different coverage levels (C) of ivermectin
treatment. Dashed line represents equal numbers of
years of vector control and ivermectin treatments. (a)
High-endemicity village; (b) Medium-endemicity village.
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is highly dependent on pre-control endemicity. A
period of 20 years of only annual ivermectin treat-
ment (coverage, 65%) is sufficient to achieve a recru-
descence risk <0.01; in village HIGH a supplement
of at least 8 years of vector control would be re-
quired to achieve the same risk. Shorter periods of
ivermectin treatment permit shorter durations of
vector control in MED than in HIGH.


Simulation results for a village with a pre-
control endemicity level like that of HIGH, but with
more individual variation in biting rates (greater ex-
posure heterogeneity) indicate that reductions in
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larviciding are only slightly lower than for more ho-
mogeneous-exposure high-endemicity villages. For
example, with 10 annual treatments (coverage, 65%)
in the standard HIGH village the duration of vector
control can be reduced by 22 months, while in a
heterogeneous HIGH village the corresponding re-
duction is 19 months. However, in a heterogeneous-
exposure HIGH village, at least 14 years of vector
control only would be required (standard HIGH,
13 years).


Considerably lower savings are calculated with
the assumption that ivermectin treatment is less
efficacious (25% reduction in fertility instead of
35%). In this case, 10 years of treatment (coverage,
65%) allow for only a 15-month reduction in vector
control.


Under all assumptions, the savings increase
exponentially with additional years of ivermectin
treatment, as is apparent from the concave shape
of the curves in Fig. 2 and Fig. 3. For example, 10
treatments (coverage, 65%) in village HIGH result
in a saving of 22 months (Fig. 2). By adding five
treatments the saving increases another 16 months.
Another five treatments increase the possible reduc-
tions in vector control by 20 more months.


Table 1 shows savings under the assumption
that vector control and annual ivermectin treatment
always have the same starting moment and same
duration (i.e. 10.5 years of vector control means 11
ivermectin treatments). The general guideline is
that if ivermectin treatment is given annually to 65%
of the population, the total duration of vector con-
trol can be 1.5-2 years less than in the absence of
treatment.


Table 1: Reduction in number of months of vector
control as a result of annual ivermectin treatmentsa


Reduction (months) at
Pre-control Duration of ivermectin coverage of:
endemicity vector control
level alone (months) 45% 55% 65% 75%


Highb 154 16 20 24 26
Mediumc 126 14 18 24 31
Highd 162 15 20 23 25
Highe 154 13 16 18 20


a Synchronous start and finish of vector control and ivermectin
treatment. Risk of recrudescence at finish <1%.
b Community microfilarial load = 70 per skin-snip; biting rate =
27000 per adult man per year; biting-rate coefficient of variation
= 0.39.
c Community microfilarial load = 30 per skin-snip; biting rate =
16000 per adult man per year; biting-rate coefficient of variation
= 0.54.
d Biting-rate coefficient of variation = 0.58.
* Assumed 25% reduction in fertility of adult female worms due to
ivermectin (not 35%).


Discussion
The model presented in this article reflects the ex-
pected effects of the current practice of OCP in its
extension areas. The primary aim of adding iver-
mectin treatment to larviciding activities was to pre-
vent morbidity during the early years of vector
control, when the intensity of infection is still so high
that new cases of blindness or severe ocular lesions
cannot be excluded. Ivermectin has proved to be an
efficacious drug for the treatment and prevention of
ocular lesions of onchocerciasis (3, 4). However, as
such combined control continues, a question of ma-
jor operational importance is to what extent the re-
duction of the community mf load as a consequence
of annual ivermectin treatment allows for an earlier
cessation of vector control. On the basis of the
results obtained with the ONCHOSIM model, we
conclude that where vector control is accompanied
by annual ivermectin treatment, the required dura-
tion of control can be reduced by 1 year (coverage,
ca. 45%) to 2 years (coverage, ca. 65%) compared
with strategies relying on vector control alone (see
Table 1). Given the original guideline of 14 years of
vector control alone (1), this implies that when at
least 65% coverage can be assured and when there is
no importation of infection from elsewhere, 12 years
of combined control will be sufficient to prevent
recrudescence, even in areas of very high endemicity
such as our model village HIGH.


The effectiveness of the combination of strate-
gies is highly dependent on treatment coverage, an
important determinant of which is the efforts of the
control programme to reach as many persons as pos-
sible with treatment. There are, however, exogenous
factors that relate to a person's ability or willingness
to comply with treatment. Pregnant women, women
during the first week of lactation, and children below
5 years of age should be excluded from treatment
(6), and these exclusion criteria should be taken into
account by considering an age/sex-specific compli-
ance profile (see Annex). Though these exclusions
limit the effectiveness of any one treatment round, in
the long-term the impact will be moderate as chil-
dren below 5 years of age harbour low numbers of
worms, and pregnant or breast-feeding women will
only miss one round (9 months + 1 week is <1 year).
More important are persons permanently excluded
because of chronic diseases (e.g. epilepsy), or who
have a limited ability or willingness to participate.
In the terms of the model, the latter group has a
low compliance index (see Annex). As there will be
persons with a considerable mf load among those
with a low compliance index (even after a period
of control), and as they will have a relatively high
contribution to transmission when vector control
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ceases, it is advisable not only to attempt to reach a
high level of coverage (65%-75%, (21)), but also to
trace people who systematically miss treatments.


All the results so far discussed are based on the
assumption that larviciding and ivermectin treat-
ment start in the same year. However, in some parts
of the extension areas large-scale ivermectin treat-
ment started with a delay of 2 years. Therefore, for
the village HIGH we calculated recrudescence risks
for various time lags before the introduction of treat-
ment. A time lag of up to 4 years - more than in
any of the areas - results in no observable differ-
ence compared with a synchronous start, in the sense
that the 0.01 isorisk lines are virtually contiguous.
However, such time lags result in longer total
durations of control: with a guideline of 12 years of
combined control, a time lag of 2 years implies a total
duration of 14 years.


In a previous study (1) we showed how uncer-
tainty concerning model parameters is reflected in
the outcome of the recrudescence analysis. The
guideline of 14 years' minimal duration of only vec-
tor control in an area without importation of infec-
tion is largely based on "unfavourable" assumptions
about the parasite life span, the efficiency of the
Simulium vector in transmitting the parasite at low
mf loads, and the heterogeneity of exposure to fly
bites. The present study is mainly concerned with the
potential savings in vector control efforts by the ad-
dition of ivermectin treatment. Most of the uncer-
tainty about these estimates is related to the efficacy
of the drug. We have previously found that with a
schedule of annual administration, each ivermectin
treatment causes an irreversible reduction of ca.
35% in the fertility of female parasites (17). How-
ever, the 95% confidence interval for this estimate is
25-40%. In Table 1 it is seen that with a 25% fertility
reduction, savings are only 1.5 years with a treatment
coverage of 65%. However, both this estimate and
the 14-year recommendation of the original guide-
line are based on unfavourable assumptions on
model parameters. In such a "worst-case" projection
there is no need to revise the recommendation of 12
years of combined control (although 14 - 1.5 > 12).


The conclusions presented here are also deter-
mined by making the following assumptions about
the effectiveness of vector control and the circum-
stances in the areas where it is carried out: prior to
control there was a stable endemic situation; and the
pre- and post-control biting rates are equal. It is
possible, however, that observed pre-control ende-
micity (CMFL) underestimates the true endemicity,
for example because of the Sahelian droughts of
1968-74 preceding the start of the OCP (22). Fur-
thermore, we assumed that there is no transmission
throughout the whole period of vector control and


that there is no immigration of infected flies and
infected persons. It is clear that in many places these
conditions are not met. Reinvasion of infected flies
has been reported frequently (23, 24). Though im-
portation of infection by human migration is not yet
an important problem (22), computer simulations
have demonstrated that a few infected migrants set-
tling in a small village considerably raise the risk of
recrudescence. It is therefore clear that the recom-
mendation presented here can be applied only after
critical review. A thorough study of local circum-
stances and the history of vector control (especially
control failures) should be included in decision-
making.
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Resume
Dur6e des traitements annuels par
l'ivermectine et de la lutte antivectorielle
dans le cadre du Programme de Lutte
contre l'Onchocercose en Afrique de
l'Ouest
Au moment du lancement du Programme de
Lutte contre l'Onchocercose en Afrique de l'Ouest
(OCP) en 1975, la seule strategie fiable de lutte
contre la c6cite des rivieres consistait a traiter
par des produits larvicides les rivieres abritant
les gites larvaires du vecteur de la maladie,
Simulium damnosum. 11 6tait alors estime, d'apres
des modeles predictifs, que la lutte antivectorielle
devrait etre poursuivie pendant au moins 14 ans
pour empecher la recrudescence de l'infection et de
la maladie apres l'arret des operations.


L'homologation de l'ivermectine en 1987 a
amelior6 de faqon decisive les moyens de lutte
contre la maladie. Le traitement par cette substance
entraine une baisse immediate du nombre de
microfilaires (Mf) et une reduction durable de la
fecondite des vers femelles adultes. Depuis 1990,
1'epandage aerien de larvicides est complete par
des traitements annuels par l'ivermectine dans
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les zones d'extension de l'OCP, afin principale-
ment d'obtenir une reduction de la morbidite. La
presente etude a pour but de determiner si et dans
quelle mesure I'addition d'un traitement par l'iver-
mectine a l'epandage de larvicides permet d'avan-
cer l'arret des operations par rapport au calendrier
recommande.


L'evaluation de l'efficacite de l'utilisation
combinee de la distribution d'ivermectine et de la
lutte antivectorielle s'appuie sur les previsions du
modele epidemiologique ONCHOSIM. Un grand
nombre de strategies de lutte ont ete simulees,
chacune etant caracterisee par la duree de la lutte
antivectorielle, le nombre de traitements annuels
par l'ivermectine et le pourcentage de la population
traite lors de chaque passage. On a considere deux
niveaux d'end6micite definis par le taux de Mf avant
traitement et deux hypotheses d'efficacit6 de
l'ivermectine. L'efficacite d'une strategie est
exprim6e par le risque de recrudescence de
l'infection apres l'arrdt des operations, calcuIl a
partir des simulations obtenues avec le modele
ONCHOSIM et de I'analyse statistique des
r6sultats.


Les pr6visions du modele laissent a penser
que le traitement annuel a grande 6chelle par
l'ivermectine permet effectivement d'envisager une
r6duction considerable de la duree de la lutte
antivectorielle. Alors qu'avec la lutte antivectorielle
seule il faudrait au moins 13 ans pour empecher la
recrudescence (risque < 0,01 %) dans un village de
forte endemicite (charge microfilarienne (Mf) dans
la communaut6 - 70 Mf/biopsie cutan6e),
I'association de la lutte antivectorielle et d'un
traitement annuel par l'ivermectine (taux de
couverture 65%) permettrait d'arreter la lutte au
bout de 11 ans. Dans une zone d'endemicite
moyenne (charge microfilarienne dans la
communaut6 30 Mf/biopsie cutan6e), une
strategie associee permettrait d'arreter la lutte au
bout de 9 ans.


Compte tenu de l'incertitude quant a l'efficacite
de l'ivermectine, on peut conclure que, a condition
que le taux de couverture soit d'au moins 65%, une
strat6gie associant la lutte antivectorielle et le
traitement annuel par l'ivermectine permettrait
d'abaisser au bout de 12 ans le risque de recrudes-
cence a moins de 1%, meme dans les zones les
plus touch6es. Cette recommandation ne pourrait
toutefois etre appliqu6e sans danger que dans les
r6gions ou la lutte antivectorielle est tres efficace et
ou il n'y a pas d'importation de l'infection par
I'homme ou par les mouches. Toute decision
rationnelle quant a la duree minimale d'application
des strategies de lutte associees doit s'appuyer sur
une 6tude attentive des conditions locales.


References


1. Plaisier AP et al. The risk and dynamics of
onchocerciasis recrudescence after cessation of vec-
tor control. Bulletin of the World Health Organization,
1991, 69: 169-178.


2. Dadzie KY et al. Ocular findings in a double-blind
study of ivermectin versus diethylcarbamazine versus
placebo in the treatment of onchocerciasis. British
journal of ophthalmology, 1987, 71: 78-85.


3. Dadzie KY, Remme J, De Sole G. Changes in ocular
onchocerciasis after two rounds of community-based
ivermectin treatment in a holo-endemic onchocer-
ciasis focus. Transactions of the Royal Society
of Tropical Medicine and Hygiene, 1991, 85: 267-271.


4. Abiose A et al. Reduction in incidence of optic nerve
disease with annual ivermectin to control onchocer-
ciasis. Lancet, 1993, 341: 130-134.


5. De Sole G et al. Lack of adverse reactions in
ivermectin treatment of onchocerciasis. Lancet, 1990,
335:1106-1107.


6. De Sole G et al. Adverse reactions after large-scale
treatment of onchocerciasis with ivermectin: com-
bined results from eight community trials. Bulletin of
the World Health Organization, 1989, 67: 707-719.


7. Strategies for ivermectin distribution through primary
health care systems. Report of the Meeting on Stra-
tegies for Ivermectin Distribution through Primary
Health Care Systems, Geneva, 22-25 April 1991.
Geneva, World Health Organization, 1991 (unpub-
lished document WHO/PBU91.24, available upon re-
quest from Programme for the Prevention of
Blindness and Deafness, World Health Organization,
1211 Geneva 27, Switzerland).


8. Remme J et al. A community trial of ivermectin in the
onchocerciasis focus of Asubende, Ghana. I. Effect
on the microfilarial reservoir and the transmission of
Onchocerca volvulus. Tropical medicine and parasi-
tology, 1989, 40: 367-374.


9. Cupp EW et al. The effects of repetitive community-
wide ivermectin treatment on transmission of Oncho-
cerca volvulus in Guatemala. American journal of
tropical medicine and hygiene, 1992, 47: 170-180.


10. Guillet P et al. Impact of combined large-scale
ivermectin distribution and vector control on transmis-
sion of Onchocerca volvulus in the Niger basin,
Guinea. Bulletin of the World Health Organization,
1995, 73:199-205.


11. Remme J et al. Large scale ivermectin distribu-
tion and its epidemiological consequences. Acta
Leidensia, 1990, 59: 177-191.


12. Habbema JDF et al. Epidemiological modelling for
onchocerciasis control. Parasitology today, 1992, 8:
99-103.


13. Onchocerciasis control programme in West Africa:
mid-term (phase IV) prospective evaluation of the
Onchocerciasis Control Programme in West Africa,
September 1994. Geneva, World Health Organiza-
tion, 1995 (unpublished WHO document OCP/JPC/
95.7, available upon request from Onchocerciasis
Control Programme in West Africa, World Health Or-
ganization, 1211 Geneva 27, Switzerland).


WHO Bulletin OMS. Vol 75 1997 243







A.P. Plaisier et al.


14. Remme J, De Sole G, van Oortmarssen GJ. The
predicted and observed decline in onchocerciasis in-
fection during 14 years of successful control of
Simulium spp. in west Africa. Bulletin of the World
Health Organization, 1990, 68: 331-339.


15. Plaisier AP et al. Irreversible effects of ivermectin
on adult parasites in onchocerciasis patients in the
Onchocerciasis Control Programme in West Africa.
Joumal of infectious diseases, 1995, 172: 204-
210.


16. Plaisier AP et al. ONCHOSIM: a model and computer
simulation program for the transmission and control of
onchocerciasis. Computer methods and programs in
biomedicine, 1990, 31: 43-56.


17. Plaisier AP et al. The reproductive lifespan of
Onchocerca volvulus in West African savanna. Acta
tropica, 1991, 48: 271-284.


18. Habbema JDF, van Oortmarssen GJ, Plaisier AP.
The ONCHOSIM model and its use in decision sup-
port for river blindness control. In: Isham V, Medley
GF, eds. Models for infectious human diseases: their
structure and relation to data. Cambridge, Cambridge
University Press, 1996.


19. Alley ES et al. The impact of five years of annual
ivermectin treatment on skin microfilarial loads in the
onchocerciasis focus of Asubende, Ghana. Transac-
tions of the Royal Society of Tropical Medicine and
Hygiene, 1994, 88: 581-584.


20. Clayton D, Hills M. Statistical models in epidemiol-
ogy. Oxford, Oxford University Press, 1993.


21. Onchocerciasis control programme in West Africa.
Expert Advisory Committee report of the fifteenth ses-
sion, Ouagadougou, 6-10 June 1994. Geneva, World
Health Organization, 1994 (unpublished WHO docu-
ment OCP/EAC/94.1).


22. McMillan DE. Sahel visions - planned settlement
and river blindness control in Burkina Faso. Tuscon,
University of Arizona Press, 1995.


23. Garms R et al. Studies on the reinvasion of the
Onchocerciasis Control Programme in the Volta River
Basin by Simulium damnosum s.l. with emphasis on
the southwestern areas. Tropical medicine and para-
sitology, 1979, 30: 345-362.


24. Philippon B et al. Entomological results of vector
control in the Onchocerciasis Control Programme.
Acta Leidensia, 1990, 59: 79-94.


244 WHO Bulletin OMS. Vol 75 1997







The required duration of ivermectin treatment and vector control


Annex
Calculation of individual treatment
probability
An ivermectin mass treatment round, w, is primarily
described by its coverage, Cw. However, calculating
coverage is complicated by several standard exclu-
sion criteria for treatment. Moreover, compliance
with treatment differs from person to person. Exclu-
sion criteria are either permanent (chronic illness) or
temporary (children below 5 years of age as well as
pregnant and some breast-feeding women). We can
define the population eligible for treatment as the
total population minus the fraction permanently ex-
cluded, f (equal to, say, 0.05). Coverage of the eligi-
ble population, C', is then:


CW = Cw/(l - f) (1)
Temporary contraindications and other age-


and sex-related determinants of compliance can be
described as relative compliance, cr(k, s), which is a
function of age group, k, and sex, s (male = 1, female
= 2). On the basis of the data from the OCP, the
following values of Cr are used:


Age group 0-4 5-9 10-14 15-19 20-29 30-49 ¢50
(k, in years)


cr(k, 1) 0.00 0.75 0.80 0.80 0.70 0.75 0.80
cr(k, 2) 0.00 0.75 0.70 0.74 0.65 0.70 0.75


Only the ratio between the values of Cr(k, s) for the
different groups is relevant. The coverage, c(k, s, w)
in each of the age and sex groups at treatment round
w is calculated as:


c(k, s, w) Cr(k, s) xN(w) x C


(2)


where
N (k, s, w) = the number of individuals eligible for


treatment in age group k and sex s at
treatment round w, and


N(w) = the total number of eligible individuals
at treatment round w, and


na = the number of age groups.
The probability of participation in treatment round
w for an eligible person i of age group k and sex s is
given by:


Pil = coi'(w) (3)


where j(w) = (1 - c(k, s, w))Ic(k, s, w), and
coi = the personal compliance index. This is modelled
as a lifelong constant for each individual and is ran-
domly generated from a uniform distribution on the
interval [0, 1].
Note: for all k, s the average value of Pi, = c(k, s, w).
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Can ivermectin mass treatments eliminate onchocerciasis
in Africa?
M.Winnen,1 A.P. Plaisier,1 E.S. Alley,2 N.J.D. Nagelkerke,1 G. van Oortmarssen,1 B.A. Boatin,2 & J.D.F. Habbema1


Objective To elucidate the conditions in which mass treatment with ivermectin reduces the transmission of Onchocerca volvulus
sufficiently to eliminate infection from an African community.
Methods ONCHOSIM, a microsimulation model for onchocerciasis transmission, was used to explore the implications of different
treatment intervals, coverage levels and precontrol endemicities for the likelihood of elimination.
Findings Simulations suggested that control strategies based exclusively on ivermectin mass treatments could eliminate
onchocerciasis. The duration of treatment required to eliminate infection depended heavily on the treatment programme and
precontrol endemicity. In areas with medium to high levels of infection, annual mass treatments with 65% coverage for at least 25 years
were necessary. Model predictions suggested that durations exceeding 35 years would be required if there were much heterogeneity in
exposure to vector bites and, consequently, wide individual variation in microfilaria counts. If the treatment interval were reduced from
12 to 6 months the time for completion of the programme could be more than halved and elimination could be accomplished in areas of
hyperendemicity, provided that the effects of each treatment would be the same as with annual treatments. However, it was doubtful
whether high coverage levels could be sustained long enough to achieve worldwide eradication.
Conclusion Elimination of onchocerciasis from most endemic foci in Africa appears to be possible. However, the requirements in terms
of duration, coverage, and frequency of treatment may be prohibitive in highly endemic areas.


Keywords Onchocerciasis/drug therapy; Ivermectin/therapeutic use/administration and dosage; Forecasting; Computer simulation;
Africa (source: MeSH, NLM ).
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Voir page 389 le résumé en français. En la página 389 figura un resumen en español.


Introduction
Ivermectin (Mectizan) has contributed substantially towards
the alleviation of suffering caused by onchocerciasis in
34 countries of Africa, the Eastern Mediterranean and Latin
America (1). By reducing the microfilarial load in infected
individuals it reduces transmission of the infection and
prevents blindness and other serious consequences. The initial
efforts of nongovernmental organizations and the Onchocer-
ciasis Control Programme in West Africa to distribute
ivermectin on a large scale were followed by the establishment
of multinational, multiagency partnerships such as the
Onchocerciasis Elimination Program for the Americas in
1991 and the African Programme for Onchocerciasis Control
in 1995 (1–3). While the Onchocerciasis Control Programme
used vector control as part of its strategy, the two latter bodies
were exclusively concerned with supporting large-scale
ivermectin treatment programmes based on community
distribution. However, whereas the Onchocerciasis Elimina-
tion Program for the Americas aims at eliminating the parasite
altogether from most affected areas in Latin America, the
African Programme for Onchocerciasis Control seeks only to


establish a sustainable community-directed drug distribution


system in the countries concerned and thereby to eliminate


serious onchocerciasis and, eventually, to have a telling impact


on transmission.


In West Africa the Onchocerciasis Control Programme


demonstrated that the prevalence and intensity of infection


with Onchocerca volvulus could be reduced to insignificant levels


through vector control (4). For economic reasons, however, it


became apparent that neither vector control alone nor a


combination of vector control and ivermectin treatment would


provide a sustainable long-term solution for most areas of


endemicity, where, consequently, reliance has to be placed


solely on drug therapy for controlling or eliminating the


disease. Although more effective alternatives to ivermectin


alone, either by combining ivermectin with other drugs or


macrofilaricides (5), hold promise, they may not become


available in the near future. It was recently suggested that


increasing the frequency of ivermectin administration from


annually to six-monthly would increase the probability of


eliminating the parasite in the long run (6), but this has been


questioned for reasons of logistics and cost (7, 8). In fact, this is
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the strategy of theOnchocerciasis Elimination Program for the
Americas, following the successful interruption of transmis-
sion by treatment programmes in isolated foci in Guatemala
and Ecuador (9–12).


In Africa, several field studies have achieved significant
reductions in the transmission of infection by repeated annual
mass treatments with ivermectin (13, 14). Small-scale experi-
ments by the Onchocerciasis Control Programme with six-
monthly distribution in a small focus on the Gambia River in
Senegal gave good results (B.A. Boatin, unpublished data,
2001), but it is difficult to generalize these findings to larger
areas where the disease is hyperendemic. Long-term commu-
nity trials are required in order to determine whether
transmission can be stopped (13). Meanwhile, epidemiological
modelling may suggest the potentials and pitfalls of different
control strategies. A simulation study, using the microsimula-
tion model ONCHOSIM for onchocerciasis transmission and
control, predicted that programmes combining vector control
and the mass distribution of ivermectin would lead to the
elimination of the infection from a community much more
quickly than vector control alone (15). However, this finding is
not germane to today’s control strategies because vector
control will cease in 2002.


In the present study we model the epidemiological
impact of community treatments with ivermectin alone. In
order to make our results relevant to the African Programme
for Onchocerciasis Control we consider areas of endemicity
where there has never been any vector control. Using the
ONCHOSIM model, we attempt to predict whether, and
under what conditions, control strategies based on mass
treatments with ivermectin may lead to the elimination of
onchocerciasis. The factors investigated include the interval
between treatments, coverage and the precontrol level of
endemicity.


Methods
Research instrument
The ONCHOSIM epidemiological model describes the life
history of the parasite in the human host and the fly vector
Simulium damnosum, and simulates the effects of control efforts
based on vector control and ivermectin therapy in a closed
village community. We used this model to assess the
relationship between the probability of elimination of
Onchocerca infection and the duration and intensity of
ivermectin-based control.


The ONCHOSIM model and its validation, mostly on
the basis of field data from the West African savanna, in
particular Asubende, Ghana (16), have been described
elsewhere (17–19). Compliance, the probability of an
individual being treated during a mass treatment round, was
modelled by assigning to each person a random lifelong
compliance factor: the higher this factor the more likely the
individual is to comply during any given treatment round (17).
A crucial assumption for the present study is that an application
of the standard dose of approximately 150 mg/kg body weight
immediately eliminates all microfilariae and that the adult
female worms, after temporarily losing their fecundity,
gradually resume the production of microfilariae over an
average period of 11 months, reaching a new production level
that is on average 35% lower than before treatment (20).
Although this reduction was validated for annual treatments


only, we assumed that each subsequent treatment, irrespective
of the interval between treatments, would cause the same
irreversible production loss and reinforce all previous produc-
tion losses. We also assumed that no resistance to ivermectin
would develop.


Procedures
The treatment programmes were characterized by the
following variables: coverage, i.e. the percentage of persons
treated in the community; the total number of treatments
applied; and the intervals between successive treatments. The
precontrol endemicity level in the simulated communities was
varied by varying the annual biting rate, i.e. the average annual
number of vector bites received by an adult, and the individual
variation in this annual biting rate. In themodel these two input
variables together determine the endemicity level as quantified
by the community microfilarial load, the geometric mean skin-
snipmicrofilarial count (21) and other entomological transmis-
sion parameters, such as the annual transmission potential. A
simulation run was thus fully determined by the five
parameters listed in Table 1. Instead of using all possible
combinations of these parameters, which would have led to an
excessively large number of simulation runs, we randomly
selected values from within the ranges indicated in Table 1. In
this manner approximately 30 000 ONCHOSIM runs were
performed, each with its unique set of values for the five
variables. Each simulation run was programmed to continue
for another 50 years after finishing the selected treatment
programme in order to check whether the infection was
eliminated (defined by community microfilarial load = 0).


In order to explore the extent to which our results were
sensitive to the assumption of a 35% reduction in the
production of microfilariae by adult worms, irrespective of the
treatment interval, we also ran simulations with six-month
treatment intervals and assumed a more pessimistic 20% per
treatment reduction in this circumstance. The difference
between these two values lies in the cumulativemacrofilaricidal
effect of treatment on the adult worm. At 20% this effect of
six-monthly treatments is comparable to that obtained with
annual treatment at 35%. Independently of this, six-monthly
treatment still results in greater suppression ofmicrofilariae as a


Table 1. Ranges of values for quantification of variables selected
for studying different ivermectin treatment programmes and
levels of endemicity in communities


Variable Range


Treatment coverage of communitya 25–85%


Total number of treatments applied 5–40


Interval between successive treatments 3–18 months


Annual biting rateb 10 000–30 000 vector bites/adult


Coefficient of variation for annual biting ratec 0.3–1


a % of total population treated.
b Higher annual biting rates, up to nearly 100 000, have been observed in some


villages where the disease is hyperendemic. However, these values refer to
maximum biting rates at selected catching points near blackfly breeding sites
and are probably much higher than actual biting exposure of the population.


c The coefficient of variation is a measure of the variation in the annual biting rate
between individuals.


385Bulletin of the World Health Organization 2002, 80 (5)


Ivermectin mass treatment and onchocerciasis in Africa







result of the shorter treatment interval. This should result in
approximately the same cumulative effects as annual treat-
ment. These simulations were run for a coefficient of variation
in the annual biting rate of 0.65 only. All the other parameters
were varied as above.


Statistical analysis
As a result of the stochastic nature ofONCHOSIM, simulation
runs with exactly the same input may produce different
outcomes in terms of elimination or recrudescence. We
therefore performed logistic regression analysis by means of
SPSS version 8.0 in order to determine the relationship
between the probability of elimination and the treatment and
endemicity variables. By forward stepwise inclusion we first
added simple linear and quadratic terms to the logistic
regression equation. Terms were included in the equation by
means of the score test (P <0.05) and removed on the basis of
the likelihood ratio test (P>0.1). Simple interaction terms were
then added by the same forward stepwise method. The
resulting regression equation was used to calculate the
probability of elimination for a given treatment strategy in
specified conditions of endemicity.


Results
Fig. 1 represents a simulation based on a treatment programme
of 10 annual dosages with a coverage of 65% in a hypothetical
village with a precontrol community microfilarial load of
30 microfilariae per skin snip. After an initial decline of the
community microfilarial load and the prevalence to low levels
during the treatment programme (1990–2000), both eventually
tended to return to their previous levels after treatment had
ceased. The reduction in transmission that resulted from this
treatment strategy was clearly insufficient to eliminate the
infection.


It could be that a 10-year programme is too short to
reduce transmission to a level at which the infection can no
longer sustain itself in the community. The logistic regression
equation fitted to the simulation results for the selected
treatment strategy in this community predicts a probability of
elimination of 5%, i.e. only 1 in 20 simulations would show
elimination of infection. If the treatment programme were
prolonged by increasing the number of treatments it would
take approximately 27 years before the probability of
elimination exceeded 99% (Fig. 2).


Belowwe adopt the 99%probability of elimination as the
minimum requirement for a successful programme because
the infection should be eliminated from all communities, i.e.
villages, in a region if transmission is to be interrupted in the
region.


Fig. 3 shows an example of how, on the assumption of
yearly treatment intervals, the required duration of pro-
grammes varies with the community microfilarial load and the
coverage level. For a coverage of 65% the middle line indicates
the duration of treatment that would lead to a probability of
elimination of 99%; elimination is almost certain at any point
above this line while the risk of recrudescence increases below
it. Clearly, in communities where the disease is hyperendemic,
with a precontrol microfilarial load above 50 microfilariae per
skin snip, a programme based on annual treatment and 65%
coverage may have to be continued for more than 40 years in
order to achieve elimination.


Fig. 3 also shows the substantial impact of the coverage
level. For instance, if the community microfilarial load is 30 the
treatment programme needs to be continued for approxi-
mately 18 years at 80% coverage or for 25 years at 65%
coverage. In communities where the disease is hyperendemic,
with a community microfilarial load of at least 60, only
coverage levels exceeding 80% may lead to elimination. When
coverage falls below 50%, even where endemicity is moderate,
e.g. with a community microfilarial load of 20 or less,
elimination may not be achieved within 30–40 years. As
explained above, it was assumed that coverage was only
partially random, with some individuals being consistently
more likely to comply than others.


Theway the treatment interval influences the duration of
a programme is shown in Fig. 4. A comparison of Figs. 3 and 4


386 Bulletin of the World Health Organization 2002, 80 (5)


Research







demonstrates that if the treatment interval is reduced from
12 months to 6 months the required duration for achieving a
probability of elimination of 99% is reduced by more than
50%. Furthermore, the elimination of infection is now also
possible for areas of hyperendemicity provided that coverage
levels of at least 65% can be maintained. Fig. 3 and Fig. 4 also
show the effect of different precontrol community micro-
filarial loads on the required duration of treatment pro-
grammes. To adjust community microfilarial loads we varied
the annual biting rate while keeping the individual variability in
exposure to the biting rate always at an arbitrary intermediate
level. However, as shown in Fig. 5, the level of individual
variability also impacts on the duration of treatment needed for
elimination. Generally, a high individual variability in exposure
considerably increases the minimum duration of a treatment
programme. Substantially different results were obtainedwhen
the pessimistic scenario of a 20% reduction in microfilariae
production per treatment was assumed (Fig. 6). The number of
treatments required in order to reach elimination, with the
probability of elimination at 99%, then exceeded the number


for annual treatments by up to 50%. Moreover, the maximum
community microfilarial load at which elimination remained
possible was similar to that of the annual treatment scenario
but with a 35% reduction in production levels.


Discussion
With 100% coverage, annual treatment with ivermectin would
clearly lead to a complete interruption of transmission and the
ultimate elimination of the parasite. As such coverage cannot
be attained in practice the question arises as to whether lower
coverage levels can tip the balance in favour of humans. The
statistical analysis of simulations with the ONCHOSIMmodel
shows that control strategies based on mass treatments with
ivermectin can indeed lead to the elimination of onchocerciasis
from communities where the disease is endemic, coverage
levels of less than 100% are attained, and no form of vector
control is practised. Our simulations suggest that, if annual
treatments are given, a coverage of 65% is the minimum
required for communities with low to medium-high commu-
nity microfilarial loads, i.e. 5–30microfilariae per skin snip, and
that a coverage of 80% or more may often be necessary for
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higher community microfilarial loads, i.e. 30–80 microfilariae
per skin snip. The importance of coverage levels for the
successful outcome of a treatment strategy has been
recognized previously under field conditions. Several inexpen-
sive, rapid and easy methods for its measurement have been
developed, and one of them is currently in use (22, 23). We
found that intervals of six months would require slightly less
than half the time to reach elimination than yearly intervals. A
treatment strategy based on six-monthly rather than annual
intervals thus has two clear implications: the whole programme
can achieve elimination at higher levels of community
microfilarial load, and, where annual treatments would also
accomplish elimination, six-monthly intervals would do so in
less than half the time, i.e. with fewer treatment rounds.
However, this strategy would fail if the population contained
only two types of individuals, viz. perfect compliers, who
would not contribute to transmission, and consistent non-
compliers. Our conclusions therefore depend on the assump-
tion that there are many individuals who sometimes comply
and sometimes do not comply, e.g. because they are absent or
pregnant at the time of the intervention. If this group were
smaller than we assumed in our model the benefits of six-
monthly treatments would be smaller than predicted. Also, the
prospect of elimination by six-monthly treatments may be
exaggerated as a result of our assumption that each treatment
would result in a 35% reduction inmicrofilaria production, also
when applied six-monthly. This assumption has not yet been
validated for such intense treatment schemes. If it were not
true, as in our pessimistic macrofilaricidal assumption of a
constant 20% reduction in microfilaria production, our
optimistic conclusions about the advantages of a six-monthly
treatment scheme would be largely invalidated. Although
elimination, when possible, would still be achieved in fewer
years, the required number of treatments would exceed that
under the annual scheme. This indicates that the macrofilar-
icidal effect is an important aspect of ivermectin treatment,
supplementing its better-publicized microfilaricidal properties.
Furthermore, shortening the treatment interval might have
practical disadvantages, such as increased demands on drug
supply, community participation, and so on. Strategies aimed at
maintaining or increasing compliance and motivation at all
levels, e.g. by using appropriate incentive schemes, may
therefore be vital for the success of such high-frequency
programmes.


Both the annual biting rate in a community and variation
in exposure to biting among individuals strongly influence the
duration of a treatment programme. In areas with medium-
high to high levels of community microfilarial load, i.e. 30–
80 microfilariae per skin snip, and an intermediate level of
individual variation in the biting rate, annual treatments at a
coverage level of 65% would have to be continued for at least
27 years in order to eliminate infection. Model predictions
suggest that, in such areas, much longer durations, exceeding
38 years, would be required if there were a high level of
individual variation in the biting rate and consequently in
counts of microfilariae.


It should be borne in mind that the values of many
parameters in the ONCHOSIM model, including the effects
of ivermectin treatment, are based on field data from one
focus of endemicity, viz. Asubende, Ghana, in the West


African savanna, and that the transmission of onchocerciasis
is simulated in villages of fewer than 400 inhabitants without
migration of infected individuals and without reinvasion by
infected flies (24). Our results are therefore only predictive
for this type of setting. For an extensive account of the
impact of these assumptions on our conclusions, reference
should be made to an earlier study (15). For other areas in
Africa, or other parts of the world, where different
epidemiological, entomological and demographic conditions
exist, the model should be requantified in accordance with
local field data so that ONCHOSIM modelling studies can
produce meaningful results. The effects of 10 years of
ivermectin treatment in the Onchocerciasis Control Pro-
gramme are now being analysed. It is intended to update
model quantifications on the basis of the results of this
analysis.


Our analyses suggest that the elimination of onchocer-
ciasis by means of mass treatment programmes is feasible only
where high treatment coverage can bemaintained for the entire
period of programme implementation, which is often very
long. This requires, inter alia, an absence of prolonged civil
unrest and a stable drug supply. Such foci should also be free
from reinvasion by infective blackflies and should remain so.
Comparatively low precontrol community microfilarial loads
and a low individual variability in exposure to vectors are also
necessary. These requirements indicate that, under field
conditions, ivermectin mass treatment programmes by
themselves would not always be able to eliminate onchocer-
ciasis completely. In this connection it is of interest to note that
Abiose et al. (7) concluded that a definite solution would be
difficult with ivermectin alone. This suggests that six-monthly
treatments could be considered for the elimination of the
parasite from isolated foci where biting rates and other
epidemiological factors were favourable. We therefore suggest
that for most affected parts of Africa, in the absence of vector
control, ivermectin treatment should primarily be considered
as a measure for controlling morbidity by reducing transmis-
sion and microfilarial loads, for which purpose annual
treatments would probably suffice (25, 26). Consequently,
there seems to be no clear rationale for switching to more
frequent treatments at present. Furthermore, more frequent
treatments would require resources that might be better used
for achieving high coverage rates. However, the impact of
more frequent ivermectin administration on the development
of drug resistance, and the response of the population to
different treatment schedules, appear to be important subjects
for research. Global eradication of the parasite by means of
ivermectin alone does not appear to be feasible. This, together
with the undesirability of permanent reliance on a single drug,
suggests that priority should continue to be given to research
into alternative drugs and safe, effective and affordable
alternative elimination strategies, for example ones based on
macrofilaricides (5, 27). n
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Résumé


Le traitement de masse par l’ivermectine peut-il éliminer l’onchocercose en Afrique ?
Objectif Déterminer les conditions dans lesquelles le traitement
de masse par l’ivermectine réduit suffisamment la transmission
d’Onchocerca volvulus pour éliminer l’infection dans une
communauté d’Afrique.
Méthodes ONCHOSIM, un modèle de microsimulation de la
transmission de l’onchocercose, a été utilisé pour explorer les
répercussions de différents intervalles de traitement, taux de
couverture et niveaux d’endémicité avant traitement sur la
probabilité d’une élimination de l’infection.
Résultats Les simulations ont indiqué que des stratégies de
lutte reposant exclusivement sur le traitement de masse par
l’ivermectine pouvaient éliminer l’onchocercose. La durée de
traitement nécessaire pour éliminer l’infection dépendait
largement du programme appliqué et du niveau d’endémicité
avant traitement. Dans les régions ayant un taux d’infection
moyen à élevé, des traitements de masse annuels avec un taux de
couverture de 65 % pendant 25 ans étaient nécessaires. D’après


les prévisions du modèle, des traitements répétés pendant plus
de 35 ans seraient nécessaires en cas d’hétérogénéité marquée
de l’exposition de la population aux piqûres d’insectes vecteurs et
donc de variation importante des numérations de microfilaires au
niveau de l’individu. Si les intervalles de traitement étaient de
6 mois au lieu de 12, la durée totale du programme pourrait être
divisée par deux au moins et l’élimination pourrait être réalisée
dans des régions d’hyperendémicité, à condition que l’effet de
chaque traitement soit le même qu’en cas de traitement annuel.
Il était toutefois douteux qu’un taux élevé de couverture puisse
être maintenu assez longtemps pour atteindre l’éradication
mondiale.
Conclusion L’élimination de l’onchocercose dans la plupart des
foyers d’endémie en Afrique semble possible. Toutefois, les
exigences en termes de durée, de couverture et de fréquence du
traitement peuvent être prohibitives dans les régions de forte
endémicité.


Resumen


¿Es posible eliminar la oncocercosis en África mediante la administración masiva de ivermectina?
Objetivo Determinar las condiciones en que el tratamiento
masivo con ivermectina reducirı́a la transmisión de Onchocerca
volvulus en la medida suficiente para poder eliminar la infección en
una comunidad de África.
Métodos Se utilizó un modelo de microsimulación de la
transmisión de la oncocercosis (ONCHOSIM) para analizar el efecto
de diferentes intervalos de tratamiento, niveles de cobertura y
niveles de endemicidad preintervención en la probabilidad de
eliminación.
Resultados Las simulaciones indican que las estrategias basadas
exclusivamente en la administración masiva de ivermectina
permitirı́an eliminar la oncocercosis. La duración del tratamiento
requerido para eliminar la infección depende en gran medida del
programa de tratamiento y de la endemicidad preintervención. En
las zonas con niveles medios/altos de infección se necesitarı́an al
menos 25 años de tratamiento anual masivo con una cobertura del


65%. Las predicciones del modelo muestran asimismo que en una
situación de gran heterogeneidad en la exposición a las picaduras
del vector, y grandes diferencias individuales por tanto en lo
concerniente al recuento de microfilarias, el tratamiento deberı́a
prolongarse más de 35 años. Si el intervalo de tratamiento se
redujera de 12 a 6 meses, la duración del programa podrı́a
reducirse a menos de la mitad y se podrı́a lograr la eliminación en
zonas de hiperendemicidad, siempre que cada tratamiento tuviera
el mismo efecto que el tratamiento anual. Sin embargo, es dudoso
que puedan mantenerse niveles altos de cobertura durante el
tiempo suficiente para erradicar la enfermedad a escala mundial.
Conclusión La eliminación de la oncocercosis de los focos más
endémicos de África parece un objetivo alcanzable. Ahora bien, las
condiciones para ello en lo tocante a la duración, cobertura y
frecuencia del tratamiento pueden ser prohibitivas en las zonas de
alta endemicidad.


References


1. Dull HB, Meredith SE. The Mectizan Donation Programme – a 10-year report.
Annals of Tropical Medicine and Parasitology 1998;92(Suppl 1):S69-71.


2. Blanks J, Richards F, Beltran F, Collins R, Alvarez E, Zea Flores G, et al. The
Onchocerciasis Elimination Program for the Americas: a history of partnership.
Revista Panameña de Salud Pública 1998;3(6):367-74.


3. Etya’ale DE. Mectizan as a stimulus for development of novel partnerships: the
international organization’s perspective. Annals of Tropical Medicine and
Parasitology 1998;92(Suppl 1):S73-7.


4. Remme J, De Sole G, van Oortmarssen GJ. The predicted and observed decline in
onchocerciasis infection during 14 years of successful control of Simulium spp.
in West Africa. Bulletin of the World Health Organization 1990;68(3):331-9.


5. Langworthy NG, Renz A, Mackenstedt U, Henkle-Duhrsen K, de Bronsvoort
MB, Tanya VN, et al. Macrofilaricidal activity of tetracycline against the filarial
nematode Onchocerca ochengi: elimination of Wolbachia precedes worm
death and suggests a dependent relationship. Proceedings of the Royal Society
of London. Series B, Biological Sciences 2000;267:1063-9.


6. Richards F, Hopkins D, Cupp E. Programmatic goals and approaches to
onchocerciasis. Lancet 2000;355:1663-4.


7. Abiose A, Homeida M, Liese B, Molyneux D, Remme H. Onchocercias control
strategies. Lancet 2000;356:1523.


8. Richards F, Hopkins D, Cupp E. Author’s reply. Lancet 2000;356:1523-4.
9. Cupp EW. Treatment of onchocerciasis with ivermectin in Central America.


Parasitology Today 1992;8:212-4.
10. Cupp EW, Ochoa O, Collins RC, Cupp MS, Gonzales-Peralta C, Castro J, et al.


The effect of repetitive community-wide ivermectin treatment on transmission
of Onchocerca volvulus in Guatemala. American Journal of Tropical Medicine
and Hygiene 1992;47(2):170-80.


11. Collins RC, Gonzales-Peralta C, Castro J, Zea-flores G, Cupp MS, Richards FO,
et al. Ivermectin: reduction in prevalence and infection intensity of Onchocerca
volvulus following biannual treatments in five Guatemalan communities.
American Journal of Tropical Medicine and Hygiene 1992;47(2):156-69.


12. Guderian RH, Anselmi M, Espinel M, Mancero T, Rivadeneira G, Proano R, et al.
Successful control of onchocerciasis with community-based ivermectin
distribution in the Rio Santiago focus in Ecuador. Tropical Medicine and
International Health 1997;2(10):982-8.


13. Boatin BA, Hougard JM, Alley ES, Akpoboua LK, Yameogo L, Dembele N, et al.
The impact of Mectizan on the transmission of onchocerciasis. Annals of
Tropical Medicine and Parasitology 1998;92(Suppl 1):S46-60.


389Bulletin of the World Health Organization 2002, 80 (5)


Ivermectin mass treatment and onchocerciasis in Africa







14. Guillet P, Seketeli A, Alley ES, Agoua H, Boatin BA, Bissan Y, et al. Impact of
combined large-scale ivermectin distribution and vector control on transmission
of Onchocerca volvulus in the Niger basin, Guinea. Bulletin of the World
Health Organization 1995;73(2):199-205.


15. Plaisier AP, Alley ES, van Oortmarssen GJ, Boatin BA, Habbema JD. Required
duration of combined annual ivermectin treatment and vector control in the
Onchocerciasis Control Programme in West Africa. Bulletin of the World
Health Organization 1997;75(3):237-45.


16. Remme J, Baker RHA, De Sole G, Dadzie KY, Walsh JF, Adams MA, et al. A
community trial of ivermectin in the onchocerciasis focus of Asubende, Ghana.
I. Effect on the microfilarial reservoir and the transmission of Onchocerca
volvulus. Tropical Medicine and Parasitology 1989;40:367-74.


17. Plaisier AP, van Oortmarssen GJ, Habbema JD, Remme J, Alley ES. ONCHOSIM:
a model and computer simulation program for the transmission and control
of onchocerciasis. Computer Methods and Programs in Biomedicine
1990;31(1):43-56.


18. Plaisier AP, van Oortmarssen GJ, Reme J, Habbema JD. The reproductive
lifespan of Onchocerca volvulus in West African savanna. Acta Tropica
1991;48(4):271-84.


19. Habbema JD, van Oortmarssen GJ, Plaisier AP. The ONCHOSIM model and its
use in decision support for river blindness control. In: Isham V, Medley GF,
editors. Epidemic models: their structure and relation to data. Cambridge:
Cambridge University Press; 1996.


20. Plaisier AP, Alley ES, Boatin BA, van Oortmarssen GJ, Remme H, De Vlas SJ,
et al. Irreversible effects of ivermectin on adult parasites in onchocerciasis
patients in the Onchocerciasis Control Programme in West Africa. Journal
of Infectious Diseases 1995;172(1):204-10.


21. Remme JHF, Ba O, Dadzie KY, Karam M. A force-of-infection model for
onchocerciasis and its applications in the epidemiological evaluation of the
Onchocerciasis Control Programme in the Volta River Basin area. Bulletin of
the World Health Organization,1986;64 (5):667-81.


22. Schwartz EC, Renk J, Hopkins AD, Huss R, Foster A. A method to determine the
coverage of ivermectin distribution in onchocerciasis control programmes.
Annals of Tropical Medicine and Parasitology 1998;92(7):793-6.


23. Biritwum RB, Sylla M, Diarra T, Amankwa J, Brika GP, Assogba LA, et al.
Evaluation of ivermectin distribution in Benin, Côte d’Ivoire, Ghana, and Togo:
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