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Résumé 
 

L'élevage tient une place importante dans l’économie de l'Afrique de l'Ouest. La principale stratégie 

d'élevage en Afrique de l'Ouest est le pastoralisme incluant la transhumance. Cette stratégie adaptative 

vise à optimiser l'accès du bétail à l'eau et aux pâturages. Cependant, elle peut favoriser la propagation 

transfrontalière d'agents pathogènes et de vecteurs avec de nombreuses conséquences sanitaires et 

économiques pour les pays concernés.  

A l'aide d'un questionnaire et d'une modélisation statistique, la première étude a exploré la perception 

des éleveurs sur les tiques et maladies à tiques (TMT) chez les bovins, leurs pratiques de contrôle des 

tiques et les groupes sociaux impliqués dans l'élevage bovin dans l'est du Burkina Faso (46 troupeaux 

sélectionnés aléatoirement) et dans le nord du Bénin (44 troupeaux sélectionnés aléatoirement). Les 

résultats montrent que la plupart des éleveurs (79%) appartiennent au groupe social des Peuls. Les 

activités principales et secondaires des éleveurs sont respectivement l'élevage et l'agriculture. L'âge 

moyen des pasteurs se situe entre 40 et 50 ans et 60% des troupeaux enquêtés pratiquent la transhumance 

interne ou transfrontalière. Les éleveurs ont une connaissance claire des différents genres de tiques à 

l'exception du genre Rhipicephalus. Leur connaissance des maladies à tiques (MT) est très limitée. 

L'amitraz est le principal acaricide utilisé par les éleveurs pour lutter contre les tiques (68%) mais son 

utilisation est inappropriée et son approvisionnement se fait à plus de 50% par le marché non réglementé. 

Toutes ces pratiques peuvent induire une résistance aux acaricides, d'autant plus que l'inefficacité de 

l'amitraz contre Rhipicephalus microplus a déjà été signalée dans des études antérieures. De tels résultats 

aideraient à élaborer des stratégies adaptées de contrôle et de prévention des TMT au Burkina Faso et 

au Bénin.  

La deuxième étude visait à caractériser les zones de départ et d’arrivée de la transhumance entre le 

Burkina Faso et le Bénin et modéliser le risque de propagation de R. microplus dans la zone. Des 

dispositifs GPS (global positioning system) ont donc été remis à 27 éleveurs pour suivre une saison 

complète de transhumance entre l'Est du Burkina Faso et le Nord du Bénin. Les GPS ont révélé quatre 

corridors principaux et cinq zones de pâturage utilisés par les troupeaux de bovins pendant la 

transhumance. L’indice de végétation et les précipitations étaient significativement plus élevés au Bénin 

qu'au Burkina Faso, tandis que la température était significativement plus basse. Le modèle de score de 

risque montre un risque plus élevé dans les communes du Bénin par rapport à celles du Burkina Faso. 

Les fréquents mouvements des troupeaux transhumants entre les zones infestées et non infestées 

augmentent le risque d’introduction de R. microplus dans les zones favorables encore indemnes. Les 

intrusions fréquentes du bétail transhumant dans les réserves fauniques constituent un autre risque 

d'échange de vecteurs et de pathogènes entre les animaux domestiques et sauvages.  

La troisième étude de cette thèse visait à identifier les modèles épidémiologiques développés par les 

chercheurs pour comprendre la dynamique de la propagation des TMT. Une revue systématique a été 
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faite avec le protocole PRISMA (Preferred Reporting Items for Systematic reviews and Meta-Analysis) 

dans deux bases de données en ligne (Scopus et PubMed). Les articles sélectionnés ont été classés selon 

le pays, le type de modèles épidémiologiques utilisés et l'objectif de la modélisation. La sensibilité, la 

spécificité et la précision de ces modèles ont été étudiées en utilisant une méta-analyse. L’analyse des 

100 articles sélectionnés indique que c’est le genre de vecteur Ixodes spp et le genre de pathogène 

Borrelia spp qui sont les plus étudiés. Les modèles les plus fréquemment utilisés sont le modèle linéaire 

généralisé - GLM (26,67%) et le modèle d’entropie maximale - MaxEnt (24,17%). Un focus sur la 

modélisation des TMT en Afrique a montré que les genres Rhipicephalus et Theileria étaient les plus 

modélisés. Une méta-analyse sur la performance de 20 modèles a révélé que les modèles MaxEnt, Linear 

Discriminant Analysis (LDA) et Ecological Niche Factor Analysis (ENFA) avaient respectivement la 

sensibilité, la spécificité et l'aire sous la courbe les plus élevées parmi tous les modèles sélectionnés. La 

modélisation des TMT est très pertinente pour prévoir leur distribution et prévenir leurs effets néfastes 

sur la santé animale et humaine et sur l'économie. Les résultats de ces analyses sont utiles pour élaborer 

des programmes de prévention et/ou de contrôle par les autorités vétérinaires et de santé publique. 

L'objectif de la quatrième étude était de modéliser la distribution de l'habitat de R. microplus. Les 

occurrences de tiques ont été rassemblées à partir de dix études différentes menées dans six pays 

d'Afrique de l'Ouest au cours de la dernière décennie. Six modèles statistiques (Maximum Entropy 

MaxEnt, Generalized Linear Model GLM, Generalized Additive Model GAM, Random Forest RF, 

Boosted Regression Tree BRT et Support Vector Machine SVM) ont été appliqués pour prédire la 

distribution de l'habitat de R. microplus en Afrique de l'Ouest. Le modèle de MaxEnt a été utilisé seul à 

et les cinq autres ont été utilisés dans un modèle d’ensemble (ensemble modelling). Les modèles 

sélectionnés se sont avérés précis selon les valeurs des AUC (Area Under the Receiver Operating 

Characteristic Curve) et TSS (True Skill Statistic), respectivement supérieures à 0,9 et 0,5. Les 

prédictions des modèles montrent que les pays côtiers d'Afrique de l'Ouest sont les zones les plus 

adaptées pour l'habitat de R. microplus. Les pays non encore infestés et se trouvant dans les zones 

adaptées à la tique doivent améliorer leurs stratégies de contrôle. La sensibilisation et la formation des 

différents acteurs doivent être renforcées pour améliorer la prévention ou le contrôle de cette tique dans 

ces différents pays en fonction de leur statut. 

L'objectif de la cinquième étude était d'évaluer l'impact clinique et économique des TMT dans les 

troupeaux de bovins et les bénéfices du contrôle de ces parasites. A partir des données d'une enquête 

acarologique et épidémiologique menée en 2017 dans l'est du Burkina Faso et le nord du Bénin et des 

données collectées dans différents articles, un modèle déterministe a été développé. Ce modèle nous a 

permis d'évaluer l'impact clinique et économique des tiques et des maladies transmises par les tiques sur 

les troupeaux. Six scénarios ont été élaborés selon que les animaux étaient traités uniquement avec des 

acaricides ou avec des acaricides et contre les maladies transmises par les tiques. Les résultats de ces 

scénarios ont été comparés dans une régression linéaire pour mettre en évidence les différences 

significatives. Les analyses ont révélé un gain significatif de 871 euros à l’échelle du troupeau (P<0,05) 
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avec les scénarios de traitement aux acaricides, par rapport aux pertes si aucun traitement n'est effectué. 

Lorsque le traitement préventif des agents pathogènes transmis par les tiques est combiné à un traitement 

acaricide, il y a un gain supplémentaire significatif de 254 euros (P<0,001). Il est donc opportun de 

mettre en place des stratégies de lutte adaptées à la spécificité de chaque zone. L'élaboration de ces 

stratégies et leur mise en œuvre doivent être consensuelles et participatives pour leur réussite. 

En conclusion nous pouvons dire que notre thèse a atteint globalement son objectif général en mettant 

à la disposition des autorités compétentes de précieux et pertinents outils d’aide à la décision (modèles 

épidémiologiques et économique) pour réduire l’incidence des tiques et maladies à tiques. En 

conséquence nous recommandons ce qui suit : 

 A la CEDEAO : une meilleure gestion des médicaments vétérinaires afin de réussir la lutte 

contre les tiques et maladies associées et le renforcement des accords sous-régionaux existants 

sur la transhumance transfrontalière; 

 Aux Services vétérinaires : le renforcement de leurs capacités techniques et en ressources 

humaines compétentes pour faire face au défi des tiques et maladies associées et de la 

transhumance; 

 Aux éleveurs : une plus grande responsabilité dans l’approvisionnement et l’utilisation des 

acaricides et une meilleure gestion de leur troupeaux en tenant compte du niveau d’infestation 

de tiques et maladies à tique dans leurs milieux respectifs.  
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Abstract 
 

Livestock plays a key role in the macro economy of West Africa and provides livelihoods for millions 

of people. The main cattle rearing strategy in West Africa is pastoralism, including transhumance: i.e. a 

seasonal migration of cattle with their cattle holders. This adaptive strategy aims to optimize livestock 

access to water and pastures. However, it can favour pathogens and vectors transboundary spread with 

many medical and economic consequences to the affected countries.  

Using a questionnaire survey and statistical modelling, the first study explored the perception of cattle 

holders about ticks and tick-borne diseases (TTBD) in cattle, their practices in tick control and the social 

groups involved in cattle farming in eastern Burkina Faso (46 randomly selected herds) and in northern 

Benin (44 randomly selected herds). Results show that most of the cattle holders (79%) are from the 

Fulani social group. The principal and secondary activities of cattle holders are respectively cattle 

farming and agriculture. The mean age of pastoralists is between 40 and 50 years and 60% of the 

surveyed herds practice internal or transboundary transhumance. Cattle holders have a clear knowledge 

of different genus of ticks except for the genus Rhipicephalus. Their knowledge of tick-borne diseases 

(TBD) is very limited. Amitraz appears to be the main acaricide compound used by cattle holders for 

tick control (68%) but its use is inappropriate and its source is frequently the unregulated market. All of 

these findings can induce acaricide resistance especially since the inefficacy of amitraz against R. 

microplus has already been reported in previous studies. Such results would help to elaborate suitable 

strategies of control and prevention of TTBD in Burkina Faso and Benin.  

The second study aimed to highlight, firstly the corridors and grazing areas used by Burkina Faso 

transhumant cattle herds going to Benin, secondly the characteristics of departure and arrival areas of 

transhumance and thirdly, the risk score related to the introduction and spread of the invasive tick 

species, Rhipicephalus microplus, in free areas. Therefore, GPS (Global Positioning System) devices 

were given to 27 cattle holders to monitor a full transhumance season between East Burkina Faso and 

North Benin. GPS devices revealed four main corridors and five main grazing areas used by cattle herds 

during transhumance. Normalized Difference Vegetation Index (NDVI) and rainfall are significantly 

higher in Benin than in Burkina Faso whereas temperature is significantly lower. Additionally, using 

biotic and abiotic parameters, a risk-scoring model was developed to predict the presence of R. 

microplus at the municipality level. The invasiveness and adaptability of R. microplus added to the 

frequent stays of transhumant herds in infested areas suggest its potential introduction and establishment 

in free areas soon. Moreover, frequent intrusions of the transhumant cattle in the wildlife reserves is 

another risk of vectors and pathogen exchange between domestic and wild animals.  

The third study of this thesis aimed to identify epidemiological models developed by researchers to 

understand the dynamics of TTBD spread. A literature search was implemented with PRISMA 

(Preferred Reporting Items for Systematic reviews and Meta-Analysis) protocol in two online databases 
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(Scopus and PubMed). The selected articles were classified according to country, type of 

epidemiological models used and the objective of the modelling. Sensitivity, specificity and accuracy 

available data of these models were investigated using meta-analysis approaches. Results relied on 107 

studies in which seven tick genera were modelled, with Ixodes spp. the most studied. Thirteen genera of 

tick-borne pathogens were modelled, with Borrelia spp. the most frequently modelled. Twenty-four 

different models were reviewed and the most frequently used are the Generalized Linear Model (GLM) 

representing 26.67% and the Maximum Entropy (MaxEnt) model representing 24.17%. A focus on 

TTBD modelling in Africa showed that respectively genus Rhipicephalus and Theileria were the most 

modelled. A meta-analysis on the quality of 20 models revealed that MaxEnt, Linear Discriminant 

Analysis (LDA), and the Ecological Niche Factor Analysis (ENFA) models had respectively the highest 

sensitivity, specificity, and area under the curve effect size among all the selected models. Modelling 

TTBD is highly relevant for predicting their distribution and preventing their adverse effect on animal 

and human health and the economy. Related results of such analyses are useful to build prevention 

and/or control programs by veterinary and public health authorities. 

The objectives of the fourth study are to develop models to forecast the habitat distribution of R. 

microplus. Tick occurrences were assembled from ten different studies conducted in six West African 

countries in the past decade. Six statistical models (Maximum Entropy MaxEnt, Generalized Linear 

Model GLM, Generalized Additive Model GAM, Random Forest RF, Boosted Regression Tree BRT et 

Support Vector Machine SVM) were applied to predict the habitat suitability of R. microplus in West 

Africa. MaxEnt was used alone and the other five models were used in an ensemble model. The selected 

models resulted as accurate according to the AUC (Area Under the Receiver Operating Characteristic 

Curve) and TSS (True Skill Statistic) metrics, respectively above 0.9 and 0.5. The models' predictions 

show coastal countries of West Africa as more suitable areas for the habitat of R. microplus. We stress 

the importance of vector surveillance and control in those countries that have not yet detected the tick 

but are in the areas predicted to host suitable habitats. Indeed, awareness-raising and training of different 

stakeholders must be reinforced for better prevention and control of this tick in these different countries 

according to their status. 

The objective of the fifth study is to evaluate the clinical and economic impact of ticks and tick-borne 

diseases in cattle herds and the benefits of controlling these parasites. Using data from an acarological 

and epidemiological survey conducted in 2017 in eastern Burkina Faso and northern Benin and data 

collected from various articles, we developed a deterministic model. This model allowed us to evaluate 

the clinical and economic impact of ticks and tick-borne diseases on herds. Six scenarios were developed 

depending on whether the animals were treated with only acaricides or with acaricides and against tick-

borne diseases. The results of these scenarios were compared in a linear regression to highlight the 

significant difference. Linear regression revealed a significant gain of 871 euro at herd level (P<0.05) 

with the acaricide treatment scenarios, compared to the losses if no treatment is done. When preventive 

treatment of tick-borne pathogens is combined with acaricide treatment there is a significant additional 
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gain of 254 euro (P<0.001) compared to the losses if no treatment is applied at all. It is therefore 

opportune to set up control strategies adapted to the specificity of each area. The development of these 

strategies and their implementation must be consensual and participatory for their success. 

In conclusion, we can say that this thesis has achieved its overall objective by providing the competent 

authorities with valuable and relevant decision support tools (epidemiological and economic models) to 

reduce the incidence of ticks and tick-borne diseases. We, therefore, recommend the following: 

 To ECOWAS: better management of veterinary drugs to successfully control ticks and 

associated diseases and strengthening existing sub-regional agreements on cross-border 

transhumance; 

 To Veterinary Services: strengthening their technical and human resource capacities to face the 

challenge of ticks and associated diseases and transhumance; 

 To livestock keepers: greater responsibility in the supply and use of acaricides and better 

management of their herds taking into account the level of tick infestation and tick-borne 

diseases in their respective environments. 
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Benin and Burkina Faso in West Africa 

 

Benin and Burkina Faso are two West African countries, which share a 386 km borderline.  

The Republic of Benin is located between 6°10' and 12°25' north latitude and between 0°45' and 3°55' 

east longitude. It covers an area of 112 620 km2 (Cheke, 2001). Potentially cultivable land is estimated 

at 7 million hectares or almost 63 per cent of the total area. Benin is generally self-sufficient for cereals 

(with the notable exception of rice) and roots and tubers but is highly dependent on imports of animal 

and fish products (Aregheore, 2009a). The contribution of livestock to agricultural GDP increased by 

2.88 points from 15.5% in 2011 to 18.5% in 2014. The livestock in 2016 was estimated at 2 339 000 

cattle, 2 751 000 small ruminants, 466 000 pigs and 19 215 000 poultry. The products from these stocks, 

in particular meat, milk and eggs, do not guarantee complete coverage of animal protein needs. 

According to FAO standards, the meat requirements are 21kg/capita/year and eggs 1kg/capita/year. 

Current levels of animal production cover on average only 8.41 kg/capita/year for meat and 0.6 

kg/capita/year for eggs. FAO requirements are thus not covered. 

Burkina Faso belongs to the tropical climates characterised by two seasons: a dry season (October-May) 

and a rainy season called wintering (June-September). Four variants specify the climate of Burkina: a 

wet period from June to September, dry and hot from September to November, dry and cool from 

December to March and hot from March to June. Three climatic zones can be distinguished in the 

country: 

o a Sahelian climate zone in the north: there are 3 months of rainfall with less than 600mm of 

water/year, extreme temperatures ranging from 10 to 45 °C ; 

o a North Sudanese climate zone in the centre: 4 to 5 months of rainfall, 600 to 1000mm of 

water/year, temperatures between 13 and 40 °C; 

o a southern Sudanese climate zone in the south: 6 months of rainfall, 1000 to 1300mm of 

water/year, temperature extremes 12 to 38 °C (Kabore et al., 2017). 

Benin and Burkina are part of the West African sub-region. West Africa is composed of 16 countries, 

which are Benin, Burkina Faso, Côte d'Ivoire, Cape Verde, Gambia, Ghana, Guinea, Guinea-Bissau, 

Liberia, Mali, Mauritania, Niger, Nigeria, Senegal, Sierra Leone and Togo. This region has a variety of 

landscapes, agro-ecological zones and a cattle herd that varies according to the country. These ruminants 

are raised using strategies that vary according to the environment (Hopkins, 2019). 
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West Africa landscapes 

 

The region's landscapes have been transformed by agricultural activity. The West African Sahel is one 

of the original centres of world food production. Plants and animals were cultivated and raised here long 

before these practices developed on the fertile plains of Europe (CSAO and SWAC, 2007).  

West African rural areas can be classified according to the type of settlement (villages or camps), the 

major food and commercial productions, and the agro-ecological systems that shape the landscape. 

Geographers subdivide the West African region into three zones: the Sahelian zone, the Sudanian zone 

and the Guinean forest zone (Ly et al., 2010). This classification is based on the abundance or scarcity 

of rainfall and the vegetation formations: grassy savannahs, shrublands and trees, and secondary forest 

(Figure 1). 

The Sahel-Sudanese populations have domesticated the savannas, from their desert banks to the forest 

edges. They delimited the grazing area for pastoral societies, the land to be inhabited and cultivated, the 

bush for hunting and the collection of firewood. This was the civilization of millet and granaries. The 

landscape was shaped by the selection and adaptation of food crops (millet, sorghum, maize) and useful 

trees (e.g. acacia albida, shea, néré, tamarind, gum and mango) (Boffa and Nations, 1999; Weber and 

Hoskins, 1983). The immense "Fulani arc" unfolds the richness of the movement of herds over 

contracted grazing areas. 

The populations of the Guinean forest have developed techniques for penetrating this closed 

environment: harvesting agriculture (gathering), slash-and-burn clearing. This is the civilization of 

cassava and plantain, yams, kola, palm oil, lowland and mangrove rice. It is pioneer agriculture that 

settles in the forest space and modifies it by creating clearings to camp and cultivate in the middle of 

insects (Devèze, 2011). 

Despite the introduction of commercial crops by colonization, which included cotton, peanuts and cocoa, 

existing agrarian systems were not destroyed. These populations have therefore integrated monetization 

with its new potential and possible unfair exchanges. Plantations were created only in the coastal zone, 

such as rubber, pineapple, palm and sugar cane (CSAO and SWAC, 2007). 
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Figure 1. West African farming systems (Source: (CSAO and SWAC, 2007) 

 

West Africa's main agro-ecological zones   

 

Sub-Saharan Africa has six agro-ecological zones, the distribution of which is shown in Figure 2. Five 

of these agro-ecological zones are found in West Africa. These are the desert, arid, semi-arid, sub-humid 

and humid zones (FAO, 2003). 

The Sudano-Sahelian Zone is composed of countries such as Burkina Faso, Cap Vert, Erythrée, Gambie, 

Mali, Mauritanie, Niger, Sénégal, Somalie, Soudan and Tchad. The Sudanian savanna zone is generally 

considered to be humid semi-arid and the Sahelian zone is considered to be dry semi-arid. In both zones, 

water availability tends to be the critical factor in determining which production systems-crop and 

livestock are appropriate, and water availability depends on soil and landscape factors as well as rainfall 

(Hountondji, 2008). 

The sub-humid zone is composed of some west and central African countries. In West Africa, near the 

coast, there is a transition from tropical rainforest to a semi-deciduous forest and from a mosaic of 
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savanna and forest to savanna woodland grasslands as the length of the dry season increases and rainfall 

decreases (FAO, 2003). 

The largest wetlands in sub-Saharan Africa are in central and western Africa. Rainfall occurs for more 

than nine months, with totals exceeding 1,500 mm per year. The main soils are acidic with low levels 

of fertility. One of the key issues in this area is the management of organic matter, as most of the 

nutrients are associated with it and are thus concentrated in the upper horizon. Thus, during cultivation, 

when organic matter is lost through oxidation or erosion, fertility decreases rapidly. The presence of 

tsetse flies has prevented animals from making any significant contribution to the production system. In 

traditional shifting cultivation systems, the soil was mostly protected from the erosive force of rainfall 

by trees and crops (FAO, 2003). 

 

 

Figure 2. Map of main agro-ecological zones in sub-Saharan Africa (Source: FAO, 2003) 

Three major river basins also link this West African area: the Senegal, Niger and Lake Chad basins 

(Figure 3). 
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Joint water management also immediately became a necessity. As early as 1963, nine countries met 

within the Niger Basin Authority, in 1964 it was the turn of the Lake Chad Basin Commission, then the 

Organisation for the Development of the Gambia River in 1967, the Organisation for the Development 

of the Senegal River in 1972 (CSAO and SWAC, 2007). 

 
Figure 3. West Africa's major watersheds (Source: CSAO and SWAC, 2007; Copyright: 

CSAO/OCDE 2006) 

 

West African cattle population and management 

 

In 2019, the West African cattle population was 79 419 666 head (FAO, 2021). This cattle population 

is concentrated more in the Sahelian zone than in the more humid coastal zone, which is more suitable 

for agriculture (Figure 4). This cattle population is not raised in the same way in the various agro-

ecological zones of the West African sub-region (Figure 5). 

Based on the factors of production we can distinguish two livestock production system in West Africa. 

The modern system with a large capital requirement and employ substantial amounts of hired labour, 

and the traditional systems mainly rely on family labour and the extensive use of land (Otte and 

Chilonda, 2002). In West Africa, the traditional livestock systems are far more prevalent than modern 

systems. 
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Traditional ruminant production systems include pastoral and mixed systems practised in lowland and 

upland areas. Pastoral systems are practised in areas that are too dry for agriculture to provide a 

livelihood base and where ruminant grazing is the predominant form of land use. Pastoral systems are 

mainly found in arid and semi-arid areas (with rainfall less than 600 mm per year) of West Africa. 

Pastoral systems are not widespread in the humid zone and are only seasonal in the subhumid zone (Otte 

and Chilonda, 2002). The main determining factor in pastoral systems is average rainfall, its reliability 

and distribution. Three types of pastoral systems can be identified. In the range of rainfall below 400 

mm per year, are nomadic pastoralism and transhumant pastoralism. In areas where annual rainfall is 

between 400 and 600 mm, are agropastoralism, where livestock is associated with cultivation in dry or 

rainy areas and the animals move over short distances (Jahnke, 1983). 

 
Figure 4. West Africa cattle density; Data source: GLW3 (Gilbert et al., 2018; Nicolas et al., 2016) 

 

Mixed systems are found in semi-arid, sub-humid, humid and mountainous areas of West Africa. 

According to Jahnke (Jahnke, 1983). The term “mixed systems” has a dual meaning. Firstly, it refers to 

farming systems based on livestock production practised alongside or associated with other farming 

systems. Second, it refers to livestock systems that integrate agriculture and livestock production. The 

first type is the most common in West Africa and is characterized by a long tradition of seasonal 

movement into wetter areas, with movements southward during the dry season and northward during 

the rainy season. However, most animals in the semi-arid, sub-humid and humid zones are raised in the 

second type of system, integrated agriculture and livestock. Jahnke (1983) proposes four criteria to 
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characterize these systems: i) agroclimatic conditions, especially rainfall and cropping pattern, ii) human 

population pressure, expressed by cropping intensity, iii) tsetse challenge and overall livestock 

importance, expressed by densities and animal species. Trypanosomiasis acts as an increasing constraint 

on cattle farming as one moves from the semi-arid to the humid zone. Thus, in West and Central Africa, 

in the humid zone, trypanotolerant breeds of cattle, sheep and goats are replacing the trypanosensitive 

breeds of the semi-arid zone.  

Modern production systems or Ranching systems consist of labour-intensive enterprises specializing in 

one or more livestock species and producing primarily live animals for slaughter (for meat, hides and 

skins), but also wool and milk. Grazing occurs within fixed, well-delineated boundaries. Ranching 

systems occur sporadically in the drier regions of West Africa. Ranches are also found in the wetlands 

of West Africa. They are not a predominant form of land use in this region. There are also some ranches 

in the highlands. Ranches generally represent improved management of livestock, grazing and water 

(Otte and Chilonda, 2002). 

 

Figure 5. Ruminant production systems in sub-Saharan Africa (Source: Otte and Chilonda, 2002) 
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Ticks and tick borne diseases, an overview of the systematic, the biology 

and their medical importance 

1.1. Ticks (Acari: Ixodida) 

Ticks are all obligate hematophagous arthropods. They parasitize vertebrates at least during part of their 

life cycle. They are found almost everywhere on the globe, from the warmest to the coldest areas. They 

belong to the class Arachnida, suborder Ixodida. There are two main families of tick species in this 

taxonomic group which are “ Ixodidae” and “Argasidae". These two major families of ticks parasitize 

humans, domestic animals and a wide range of wild hosts (McCoy, 2016). Their bites create significant 

direct damage to their hosts: anaemia, superinfection of bites, injection of toxins causing paralysis, 

tropical dyshidrosis or allergic reactions. Ticks also transmit numerous infectious agents such as 

bacteria, viruses and parasites. Some of these transmitted agents are of major health and socio-economic 

importance, such that ticks are currently among the most important diseases vectors in human and 

veterinary medicine (Table 1). The emergence of several tick-borne diseases and the observation of 

significant changes in the abundance and distribution of several species has advanced research on these 

arthropods in recent years. The number of tick species is certainly underestimated at present, because of 

the bias of studies focused mainly on species that affect humans and the animals they live with directly. 

Other vertebrates, less close to humans, surely have their own set of ectoparasites including ticks, many 

of which remain to be discovered (Duvallet et al., 2017).  

Table 1: Main diseases transmitted by ticks (Sources:(Duvallet et al., 2017; Rochlin and Toledo, 

2020; Shi et al., 2018) 

Disease or condition Pathogen [main vector]* Geography Prevalence† 

and comments 

Viral 

Flaviviridae/Flavivirus (tick-borne encephalitis group) 

Tick-borne encephalitis 

(TBE)  

TBE virus complex (I. 

ricinus, I. persulcatus) 

Europe, Asia, Middle 

East 

Common and 

widespread 

Powassan encephalitis 

(POW)  

POW virus (I. scapularis, 

I. cookei) 

Northeastern USA/ 

adjacent Canada, 

Russian Far East 

Rare, increasing 

Other TBEs: Omsk 

haemorrhagic fever (OHF), 

Kyasanur Forest Disease 

(KFD), louping ill, others 

OHF, KFD, other viruses 

(Ixodes, Dermacentor, 

Haemophysalis sp.) 

 

Europe, Russia, China, 

Japan, India, Southeast 

Asia, Middle East 

Rare to common 

within localized 

range; some 

increasing 

Bunyavirales/Orthonairovirus 

Crimean–Congo 

haemorrhagic fever (CCHF) 

CCHF virus (Hyalomma 

marginatum, other tick 

sp.) 

Europe, Central Asia, 

India, Africa 

Common and 

widespread; 

increasing 

Bunyavirales/Phlebovirus 

Severe fever with 

thrombocytopenia syndrome 

(SFTS) 

SFTS virus (H. 

longicornis and 

R. microplus) 

China, Korea, Japan Uncommon, 

increasing 

Heartland virus  (A. americanum) Mid-western and 

southern USA 

Rare 
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Disease or condition Pathogen [main vector]* Geography Prevalence† 

and comments 

Bhanja virus   (Dermacentor, 

Haemophysalis sp.) 

Africa, Central Asia, 

southern Europe 

Rare 

Orthomyxoviridae/Thogotovirus 

Thogoto (THOV), Dhori 

(DHOV) and Bourbon virus 

(Hyalomma, Amblyomma, 

Rhipicephalus sp.) 

Africa, Asia, Europe 

(THOV and DHOV), 

USA (Bourbon) 

Rare; Bourbon 

virus isolated 

from A. 

americanum 

Reoviridae/Coltivirus 

Colorado tick fever (CTF)  CTF virus (D. andersoni) Western USA and 

Canada 

Rare 

Eyach virus  (I. ricinus) Central Europe Rare 

 

Bacterial 

Spirochaetales/Borrelia spirochetes (borreliosis and relapsing fever) 

Lyme disease  Borrelia burgdorferi (I. 

ricinus complex) 

Temperate North 

America, Europe, Asia 

Common, 

widespread 

Relapsing fever borreliosis  B. miyamotoi (I. ricinus 

complex) 

Temperate North 

America, Europe, 

Asia? 

Rare 

Relapsing fever borreliosis – 

tick-borne relapsing fever 

(TBRF) 

Relapsing fever Borrelia 

(Ornithodoros and Carios 

sp.) 

Worldwide (except 

Australia), mostly 

tropical and desert 

regions 

Rare to common 

locally 

Southern tick-associated rash 

illness (STARI) 

Unknown (A. 

americanum) 

Southern and eastern 

USA 

Rare 

Rickettsiales/Rickettsia (spotted fever and tick typhus) 

Rocky Mountain spotted 

fever 

(RMSF) 

Rickettsia rickettsii 

(D. variabilis, D. 

andersoni, R. sanguineus) 

Western hemisphere Common 

Rickettsiosis  R.parkeri (A. maculatum) Southern and mid-

Atlantic USA, South 

America 

Rare, emerging 

in South 

America 

Pacific Coast tick fever 

(PCTF)  

R. philipii (D. 

occidentalis) 

California, Pacific 

coast 

Rare 

Mediterranean spotted fever  R. conorii complex 

(Rhipicephalus 

sanguineus) 

Europe, Africa, 

Middle East, Asia 

Uncommon, 

imported 

African tick bite fever  R. africae (Amblyomma 

sp.) 

Africa, West Indies, 

Oceania 

Uncommon, 

imported 

Rickettsiales/Anaplasmataceae (anaplasmosis and ehrlichiosis) 

Human granulocytic 

anaplasmosis 

(HGA) 

Anaplasma 

phagocytophilum 

(I. scapularis, other sp.) 

Northeastern and 

central USA 

Common; 

emerging in 

Europe and Asia 

Human ehrlichiosis  Ehrlichia chaffeensis, E. 

ewingii (A. americanum) 

Eastern USA Common 

Human ehrlichiosis  E. muris eauclairensis 

(I. scapularis) 

Minnesota and 

Wisconsin 

Rare 

Neoehrlichiosis   Ca. N. mikurensis (Ixodes 

sp.) 

Europe, Asia Rare 

Other bacterial 

Tularaemia  

 

Francisella tularensis 

(Amblyomma, 

North America, 

Europe, Asia 

Uncommon by 

tick bite; other 
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Disease or condition Pathogen [main vector]* Geography Prevalence† 

and comments 

Dermacentor Ixodes and 

Haemaphysalis) 

routes of 

exposure 

Q fever or Coxiellosis Coxiella burnetii 

(Rhipicephalus spp. and 

Dermacentor spp) 

Comopolitan Common 

 

Parasites (Protists) 

Human babesiosis  

 

Babesia microti, B. 

divergens, 

(I. ricinus complex) 

Northeastern and 

Midwestern USA 

Europe, China 

Common; 

emerging in 

Europe and Asia 

Human babesiosis  B. duncani (WA-1 type 

parasite) (D. albipictus, I. 

pacificus?) 

Pacific Coast of North 

America 

Emerging 

Theileriosis Theileria annulata 

(Hyalomma spp) 

Europe, Asia, Africa  

Theileriosis Theileria parva 

(Rhipicephalus spp) 

Africa  

Tick bite associated (non-pathogenic) 

Alpha-gal syndrome (red 

meat allergy)  

(A americanum, H. 

longicornis, Ixodes sp.) 

Worldwide Uncommon, 

increasing 

Tick paralysis  Various species USA, Australia, other 

countries 

Rare 

Disease or condition Pathogen [main vector]* Geography Prevalence† and 

comments 

Viral 

Flaviviridae/Flavivirus (tick-borne encephalitis group) 

Tick-borne encephalitis 

(TBE)  

TBE virus complex (I. 

ricinus, I. persulcatus) 

Europe, Asia, Middle 

East 

Common and 

widespread 

Powassan encephalitis 

(POW)  

POW virus (I. scapularis, 

I. cookei) 

Northeastern USA/ 

adjacent Canada, 

Russian Far East 

Rare, increasing 

Other TBEs: Omsk 

haemorrhagic fever (OHF), 

Kyasanur Forest Disease 

(KFD), louping ill, others 

OHF, KFD, other viruses 

(Ixodes, Dermacentor, 

Haemophysalis sp.) 

 

Europe, Russia, China, 

Japan, India, Southeast 

Asia, Middle East 

Rare to common 

within localized 

range; some 

increasing 

Bunyavirales/Orthonairovirus 

Crimean–Congo 

haemorrhagic fever (CCHF) 

CCHF virus (Hyalomma 

marginatum, other tick 

sp.) 

Europe, Central Asia, 

India, Africa 

Common and 

widespread; 

increasing 

Bunyavirales/Phlebovirus 

Severe fever with 

thrombocytopenia syndrome 

(SFTS) 

SFTS virus (H. 

longicornis and 

R. microplus) 

China, Korea, Japan Uncommon, 

increasing 

Heartland virus  (A. americanum) Mid-western and 

southern USA 

Rare 

Bhanja virus   (Dermacentor, 

Haemophysalis sp.) 

Africa, Central Asia, 

southern Europe 

Rare 

Orthomyxoviridae/Thogotovirus 

Thogoto (THOV), Dhori 

(DHOV) and Bourbon virus 

(Hyalomma, Amblyomma, 

Rhipicephalus sp.) 

Africa, Asia, Europe 

(THOV and DHOV), 

USA (Bourbon) 

Rare; Bourbon 

virus isolated 

from A. 

americanum 
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Disease or condition Pathogen [main vector]* Geography Prevalence† 

and comments 

Reoviridae/Coltivirus 

Colorado tick fever (CTF)  CTF virus (D. andersoni) Western USA and 

Canada 

Rare 

Eyach virus  (I. ricinus) Central Europe Rare 

Bacterial 

Spirochaetales/Borrelia spirochetes (borreliosis and relapsing fever) 

Lyme disease  Borrelia burgdorferi (I. 

ricinus complex) 

Temperate North 

America, Europe, Asia 

Common, 

widespread 

Relapsing fever borreliosis  B.miyamotoi (I. ricinus 

complex) 

Temperate North 

America, Europe, 

Asia? 

Rare 

Relapsing fever borreliosis – 

tick-borne relapsing fever 

(TBRF) 

Relapsing fever Borrelia 

(Ornithodoros and Carios 

sp.) 

Worldwide (except 

Australia), mostly 

tropical and desert 

regions 

Rare to common 

locally 

Southern tick-associated rash 

illness (STARI) 

Unknown (A. 

americanum) 

Southern and eastern 

USA 

Rare 

Rickettsiales/Rickettsia (spotted fever and tick typhus) 

Rocky Mountain spotted 

fever 

(RMSF) 

Rickettsia rickettsii 

(D. variabilis, D. 

andersoni, R. sanguineus) 

Western hemisphere Common 

Rickettsiosis  R.parkeri (A. maculatum) Southern and mid-

Atlantic USA, South 

America 

Rare, emerging 

in South 

America 

Pacific Coast tick fever 

(PCTF)  

R. philipii (D. 

occidentalis) 

California, Pacific 

coast 

Rare 

Mediterranean spotted fever  R. conorii complex 

(Rhipicephalus 

sanguineus) 

Europe, Africa, 

Middle East, Asia 

Uncommon, 

imported 

African tick bite fever  R. africae (Amblyomma 

sp.) 

Africa, West Indies, 

Oceania 

Uncommon, 

imported 

Rickettsiales/Anaplasmataceae (anaplasmosis and ehrlichiosis) 

Human granulocytic 

anaplasmosis 

(HGA) 

Anaplasma 

phagocytophilum 

(I. scapularis, other sp.) 

Northeastern and 

central USA 

Common; 

emerging in 

Europe and Asia 

Human ehrlichiosis  Ehrlichia chaffeensis, E. 

ewingii (A. americanum) 

Eastern USA Common 

Human ehrlichiosis  E. muris eauclairensis 

(I. scapularis) 

Minnesota and 

Wisconsin 

Rare 

Neoehrlichiosis   Ca. N. mikurensis (Ixodes 

sp.) 

Europe, Asia Rare 

Other bacterial 

Tularaemia  

 

Francisella tularensis 

(Amblyomma, 

Dermacentor Ixodes and 

Haemaphysalis) 

North America, 

Europe, Asia 

Uncommon by 

tick bite; other 

routes of 

exposure 

Parasites (Protists) 

Human babesiosis  

 

Babesia microti, B. 

divergens, 

(I. ricinus complex) 

Northeastern and 

Midwestern USA 

Europe, China 

Common; 

emerging in 

Europe and Asia 
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Disease or condition Pathogen [main vector]* Geography Prevalence† 

and comments 

Human babesiosis  B. duncani (WA-1 type 

parasite) (D. albipictus, I. 

pacificus?) 

Pacific Coast of North 

America 

Emerging 

Tick bite associated (non-pathogenic) 

Alpha-gal syndrome (red 

meat allergy)  

(A americanum, H. 

longicornis, Ixodes sp.) 

Worldwide Uncommon, 

increasing 

Tick paralysis  Various species USA, Australia, other 

countries 

Rare 

*Generic tick names abbreviated in (): A., Amblyomma; D., Dermacentor; H., Haemophysalis; I., 

Ixodes; R., Rhipicephalus. 

†Prevalence, reported annual number of human cases (approximate): rare, <10; uncommon, >10–1000; 

common, >1000; common and widespread, ≈several thousands. 

*Generic tick names abbreviated in (): A., Amblyomma; D., Dermacentor; H., Haemophysalis; I., Ixodes; 

R., Rhipicephalus. †Prevalence, reported annual number of human cases (approximate): rare, <10; 

uncommon, >10–1000; common, >1000; common and widespread, ≈several thousands. 

 

1.2. Systematic 

Ticks belong to the phylum Euarthropoda, and the sub-branch Chelicerata (Figure 6). During evolution, 

they have diverged from insects, which are part of the sub-branch Mandibulates. Indeed, ticks are part 

of the class Arachnida and are thus more related to scorpions and spiders (Lecointre and Le Guyader, 

2001). They are members of the subclass Acari, which is divided into two orders: the Acariformes - 

most mites - and the Parasitiformes, which includes hematophagous species such as ticks. Ticks are 

therefore large mites that can measure up to 3 cm in length. They are all grouped in the suborder Ixodida, 

which has about 900 species. This suborder is subdivided into three families: the family Ixodidae (hard 

ticks) composed of about 700 species, the family Argasidae (soft ticks) with 200 species and the family 

nutalliellidae with one known species (Guglielmone et al., 2010). This last species, Nuttalliella 

namaqua, relatively unknown, has the particularity of borrowing characters from the two other families 

of ticks. It is considered the closest species to the common ancestor of all ticks (Mans et al., 2012). 

While systematics at the family level and beyond remain relatively stable, they change at lower levels 

in important ways depending on the school of thought. Advances in molecular biology may introduce 

major revisions in tick systematics (Duvallet et al., 2017). The systematics presented here is that of the 

classification of Guglielmone et al. (2010). 

The taxonomy of the Ixodidae has been better developed than that of the Argasidae. The vast majority 

of the scientific community agrees on the systematic position of the genera of this family. The family 

Ixodidae is now considered to include the genera Ixodes, Haemaphysalis, Amblyomma, Rhipicephalus, 

Dermacentor, Hyalomma, Anomalohimalaya, Bothriocroton, Cosmiomma, Margaropus, Nosomma, and 

Rhipicentor (plus the fossil representatives Compluriscutula and Cornupalpatum). On the other hand in 

the family Argasidae, the situation is different. There is a battle of the schools with totally different 

taxonomies between the western and eastern currents and a third group (Estrada-Peña, 2015).  
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Figure 6. Classification of hard and soft ticks (Adapted from Duvallet et al., 2017) Ornithodoros capensis (© M. Dupraz), Ixodes ricinus (© E. Léger), 

Haemaphysalis leporispalustris and Dermacentor occidentalis (© P. j. Bryant), Bothriocroton hydrosauri (© ICPS-GSu/H. Seabolt), Amblyomma variegatum 

(© université d’Edimbourg/R. Matthews et A.R. Walker), Nuttalliella Namaqua (doi: 10.1371/journal.pone.0023675) 
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1.3. Biology-Ecology 

Ticks are obligatory temporary parasites of vertebrates. They are characterized by a complex 

development cycle. That consists of three stages (other than eggs), namely the larva, the nymph and the 

adult (male and female). How these stages develop and how long the tick life cycle lasts depends on the 

tick family. Ticks from the Ixodidae and Argasidae families have different life cycles. Ixodidae feed for 

several days, while Argasidae feed for only a few minutes, usually at night when the animals are resting 

in their burrows. Ticks that restrict themselves to the shelters of their hosts have an "endophilic" 

behaviour, as they live near a suitable blood source and their development is not influenced by weather 

conditions outside the burrow. All argasid ticks and some ixodid ticks exhibit “endophilic” behaviour 

(Gray et al., 2013). The feeding stages of species that have evolved this survival strategy fall off the host 

inside the nest or burrow. This increases their chances of survival, as they moult in the shelter, in a 

protected environment. The opposite type of behaviour, called "exophilic," involves the ticks waiting 

for a suitable host outside the burrow, exposed to the weather. Weather variables regulate the behaviour 

of these ticks as they actively search for a host. The ixodid life cycle typically includes the larva (which 

hatches from the egg), the nymph, and the adult. Ixodid ticks feed once in each active stage and ingest 

massive amounts of blood. Ticks may use different host groups for each active stage. Immature stages 

(larvae and nymphs) typically feed on small hosts, such as rodents and/or birds, while adults typically 

feed on large animals, including carnivores and ungulates. However, this rule does not apply to all tick 

species. Some species are very specific of a particular type of host. The absence of this key host(s) in a 

given area may prevent the appearance of ticks that feed specifically on it. 

Pathogen transmission begins approximately 24 hours after the tick begins to feed on its host. After each 

blood meal, the ticks detach, fall to the ground and moult. The engorged females do not moult but lay 

thousands of eggs in decaying vegetation in protected sites. The immature stages (larvae and nymphs) 

usually feed for three to six days, while the adults may feed for up to two weeks. After the blood meal, 

the tick will moult. Then it will actively search for a new host. The diagram in Figure 7 shows the 

different stages of a three-host cycle. In this type of life cycle, the tick feeds on a different host at each 

stage. Some species complete their life cycle by feeding on only two hosts. Other species may complete 

their entire life cycle on a single host. These different types of life cycles play a determining role in the 

survival of ticks. As the climate is very important in the development of ticks (mortality during moulting 

phases), ticks that complete their cycle in fewer stages (i.e. fewer moults) are less dependent on the 

environment. These factors are also very important for the transmission of pathogens. A tick-borne 

pathogen can only be transmitted to a host when the infected tick survives all stages of its cycle in the 

environment (Kahl et al., 2002). The dynamics of a pathogen in the field, therefore, depend strongly on 

both the survival and activity rates of the tick and the composition of the host community (Estrada-Peña 

et al., 2013). Ticks spend long periods between meals in the environment, during which they are exposed 

to the weather. 
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Figure 7: The life cycle of a three-host tick (Source: Image prepared by Alex McAuley, University of 

Texas Medical Branch, Galveston, United States of America) 

Legend: Larvae hatch from eggs, and quest in the vegetation for a host (A). After attachment and feeding 

(B), the larvae drop to the ground to moult, a process regulated by temperature and the availability of 

water. The nymphs quest again after moulting (C) and feed upon a second host. These engorged nymphs 

again drop to the ground for a final moult to the adult stage, which again quests, finds a suitable host, 

and drops to the ground to lay eggs (D). 

 

 

1.4.Tick-borne diseases of animal and/or human medical importance 

Ticks are major vectors of infectious agents (Moutailler et al., 2015). In veterinary terms, they are the 

most important vectors ahead of mosquitoes. In human medicine, ticks are second to mosquitoes in 

terms of importance. The knowledge of vector-borne diseases has greatly evolved in recent years thanks 

to molecular and cellular biology, diagnosis and environmental epidemiology. The pathogens 

transmitted by ticks are very diverse. They include bacteria (e.g. spirochetes, Rickettsia, Ehrlichia, etc.), 

viruses (e.g. flaviviruses, orthonairoviruses, phleboviruses, and thogotoviruses) and also parasites (e.g. 

Babesia spp. and Theileria spp.) (Table 1). The diseases caused by these different organisms are mostly 

zoonoses. Humans accidentally contract these diseases through the bites of infected ticks. This happens 

when visiting tick-infested biotopes (e.g. forestry, hunting, and recreational activities). Some tick-borne 

diseases seem to be on the increase, others are described as emerging. Migratory flows and globalization 
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have favoured the appearance of certain pathologies in new geographical areas (e.g. Crimean-Congo 

fever, African swine fever, Lyme disease). These new appearances are made through the introduction 

of their vectors by the movement of livestock (e.g. Rhipicephalus microplus and babesiosis) (de la 

Fuente et al., 2008). Local emergences are related to more varied factors such as human-induced 

socioeconomic and environmental changes (Kilpatrick and Randolph, 2012). It should be noted, 

however, that the evolution of knowledge of the cycles of these vector-borne diseases and the 

improvement of diagnostic techniques, particularly by molecular biology (Polymerase Chain Reaction, 

PCR), allow for a better diagnosis of affected people and animals. All these elements put together can 

also explain why some of these diseases seem to be emerging. Climate change may also explain the 

increased incidence of tick-borne diseases in some parts of the world. For example the expansion and 

the increase of the abundance of Ixodes ricinus in Sweden was correlated with climate change (Gray et 

al., 2009). These climate changes may contribute to the disappearance of certain species in certain 

environments where they were abundant and thus the decline of the diseases they transmit (E. Léger et 

al., 2013). 

Transhumance 

Transhumance (internal and cross-border) is one of the most important livestock production strategies 

in West Africa. It enables the feeding of an increasingly important Sahelian livestock population. It also 

contributes to sub-regional integration and the supply of ruminant products to an increasingly large 

population. However, it is causing more and more problems due to the often deadly farmer-cattle holder 

conflicts it causes and the spread of diseases (Adum et al., 2019; Adzande, 2019). 

2.1. An ancestral animal production strategy to increase resilience 

Transhumance is an ancestral animal production system characterised by regular seasonal movements 

between complementary ecological zones, under the care of a few people, with the bulk of the group 

remaining sedentary. It is a livestock system based on practical and economically viable management 

of pastoral resources that have enabled pastoral people such as the Peulhs, the Tuaregs and the Moors 

to survive the major ecological and climatic crises that periodically occur in the Sahel countries. 

Transhumant herds generally move from environments in disequilibrium and where grazing is scarce to 

areas considered to be still well supplied with grazing. In this context, transhumance in West Africa can 

be seen as a form of adaptation to these environments and as a way of exploiting the ecological 

complementarities between Sahelian and Sudanian regions (Alidou, 2016; Kamuanga et al., 2008; 

SWAC/OECD, 2007). During this seasonal and traditional migration, herds travel hundreds of 

kilometres within or across national borders and a transhumance season can last from 3 to 8 months 

(Ayantunde et al., 2014). The speed and duration of these seasonal movements depend on the region, 

the year, and can be correlated with many local conditions. These include the length of the rainy and dry 

seasons; the number of animals in the herd; the availability of other herds; the population density; the 
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extent of cropland and the availability of appropriate markets where dairy products can be sold 

(Stenning, 1957). 

The main factors that determine transhumant pastoralism in the West African region are twofold: 

environmental factors and socio-economic factors. The environmental factors are mainly climate 

change/variability, drought and the resulting seasonal shortage of pasture and water, and animal 

diseases. Socio-economic factors are changes in land use, population pressure resulting in the 

progressive loss of grazing land, social relationships and networks (Ayantunde et al., 2014). 

The conceptual frameworks that underpin transhumance in West Africa include the mobility paradigm, 

the modernization paradigm, the stimulus-response concept, the migration drift paradigm and the 

ecological rationality of transhumance. These frameworks allow us to understand the socio-ecological 

concepts and debates concerning livestock mobility in the region. It is important to note that there is no 

single conceptual framework that can be used to explain transhumance in West Africa. 

During cross-border transhumance, certain equipment and infrastructures are necessary for its smooth 

running. These include, in particular, water points, grazing areas, markets, salt pans, fords, resting places 

and passage tracks. Lodges and tracks are important to make way for animals to pass through cultivated 

areas or to reach water points without damages (FAO and ECOWAS, 2012). The corridors play an 

important role in the peaceful conduct of transhumance between cattle holders and farmers. However, 

the corridors are occupied by fields. Despite the usefulness of these corridors, which is recognised by 

the various stakeholders, some farmers sometimes occupy them with their crops. The markers of these 

corridors are sometimes removed by farmers (FAO and ECOWAS, 2012). Sometimes it is the 

pastoralists who allow their animals to leave the corridors and cause damage in the surrounding fields. 

This is most often due to the lack of monitoring and the failure to consult the local population. A corridor 

is a strip of land reserved for the passage of livestock to graze, to a watering-place or to a pastoral 

infrastructure (livestock market, vaccination park, holding pen, from one area to another, transhumance 

for example) (FAO and ECOWAS, 2012; Maman Moutari and Giraut, 2013). The characteristics of a 

passageway are: 

- the width varies between 50 and 100m depending on the level of pressure on the land resource; 

- variable direction and direction depending on the path of the livestock, the layout of pastoral 

resources and infrastructure and the occupation of the land by crops; 

- straight, curved or straight trajectory depending on the detours required; 

- a corridor is most often marked by signs specific to the locality (e.g. painting on trees, planting, 

markers, and plaques) (Alidou, 2016). 

 A grazing area is an area identified, demarcated and reserved primarily for grazing. It may be developed 

or undeveloped. It must have good quality pasture and be able to accommodate a significant number of 

livestock. It must not be crumbled by crop fields or closed vegetation formations (e.g. dense dry forests). 
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The area must take great account not only of the quantity and quality of the pasture but also of its 

carrying capacity (Alidou, 2016). 

2.2. Economical and sociological aspects 

Transhumant pastoralism is important in the SWA’s livestock sector and involves 70-90% of the Sahel’s 

cattle and 30-40% of its sheep and goats. Experts agree that it protects the environment and is profitable 

and competitive, as well as allowing some West African communities, especially the Peulhs, to affirm 

their cultural identity. Transhumant pastoralism supplies about 65% of cattle meat, 40% of mutton and 

goat meat and 70% of milk.  

Transhumance contributes to the development of the local economy through the expenses incurred by 

transhumant cattle holders throughout their journey. These expenses, estimated at 687 Euro per herd and 

per transhumance season, cover the costs of human and animal health, cattle feed, food and 

accommodation for the cattle holders and other social needs. It also contributes to regional trade through 

the connection between the people of the Sahel and those of the coastal countries, as these host countries 

serve as outlets for the sale of animals and animal products. By enabling the development of inter-zonal 

complementarities in the community space, it thus strengthens regional integration as promoted by the 

regional economic communities - RECs (ECOWAS, UEMOA) (FAO, 2012a). 

Despite its importance, it still faces serious obstacles that threaten its potential production. 

During the transhumance, the herds move through several regions, including agricultural and protected 

areas. Sometimes herds can cause damages by grazing in fields, harvests and protected areas. Some of 

them can get lost. The distances and amplitudes of the movements are very variable. Conflicts between 

farmers and cattle holders can arise during these movements because of damage caused by the animals 

in the farmers' fields. To avoid these conflicts following damage, legislative and legal texts have been 

adopted at the regional level (ECOWAS). We can cite, among others, the decision A/DEC.5/10/98 

regulating transhumance between the ECOWAS Member States. These laws aim to define the corridors 

for the passage of grazing areas and other management infrastructures for transhumant livestock. These 

pastoral facilities contribute to improving the practice of transhumance. 

2.3. Epidemiological and animal and/or human health aspects 

Apart from the social conflicts that transhumance causes between cattle holders and farmers, resulting 

in the loss of human lives each year, this type of livestock farming also contributes to the 

epidemiological map of several human and animal diseases in the sub-region. 

During transhumance, people and their livestock pass through and spend most of their time in areas 

where there is little veterinary, medical, educational or livestock infrastructure. The diseases present are 

often not recorded and control strategies are rarely implemented. The epidemiology of different diseases 
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in transhumant communities is furthermore dependent on particular husbandry practices, livestock 

species, close contact between humans and livestock, and the frequency of migration. The frequency of 

migration protects livestock keepers and their animals from the accumulation of free-living stages of 

parasites, including most faecally transmitted protozoa and helminths, as well as from large numbers of 

nuisance flies (Macpherson, 1995). Migration, however, increases the risk of contamination with 

geographically limited or seasonally abundant diseases. Examples in Africa include Trypanosoma spp. 

and Cowdria ruminantium, which have a profound effect on migration patterns. Migration also increases 

the opportunity for interaction between domestic and wild animals, facilitating the transmission of 

several common diseases, including bacterial, viral, rickettsial and protozoan infections (Zannou et al., 

2021a). Temperature and relative humidity play an important role in the distribution of parasitic species 

that have free-living forms or indirect life cycles, particularly those with invertebrate hosts. 

Socio-cultural determinants and stakeholder practices of Epidemiological 

Surveillance Networks in cross-border transhumance areas (Burkina Faso - 

Benin) 

 3.1. Preparations for cross-border transhumance 

At the administrative level, to obtain the International Transhumance Certificate (ITC), transhumant are 

required to vaccinate their animals against dreaded diseases such as contagious bovine 

pleuropneumonia, bovine pasteurellosis and symptomatic anthrax. It should be noted that transhumant 

select certain dairy cows and bulls to receive preventive treatment against trypanosomiasis, which is the 

dreaded disease in the study area (Zina, 2017).  

Economically, the owners prepare a substantial budget to meet the various expenses during the 

transhumance. Breeders who do not have cash sell a few bulls on the various livestock markets to cover 

expenses. 

On the cultural level, as the majority of transhumant cattle holders are Muslim, they proceed with the 

psychological and spiritual preparation of the cattle holders and the herd. Novice transhumant cattle 

holders are reminded of good manners and politeness to avoid problems during transhumance. Some 

consult marabouts to predict the state of the road. The marabouts write Koranic verses to make amulets 

for the protection of the shepherd and the herd against predators (lions) that are in the grazing areas. 

Most of these amulets are hung on the neck of a calf. The role of the amulets is to make the herd and the 

shepherd invisible to the lions (Zina, 2017). 

3.2. Actors in animal disease surveillance networks 

o Formal institutional actors 
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Veterinary services, in the field, are of two types: private and public. They are in charge of 

epidemiological surveillance and health care for the various herds present in their territory. 

The Prefecture federates the actions of the veterinary services. It deals with the regulation of 

transhumance and grazing by issuing prefectural decrees applying ECOWAS decisions. In the 

surveillance of animal diseases, the prefect intervenes when there are suspected cases or confirmed 

outbreaks. In case of confirmed outbreaks, in collaboration with the local veterinary services, the prefect 

gives instructions to the forces of law and order to immobilise infected herds to prevent the spread. 

The security forces (water and forestry agents and gendarmes) intervene on the instructions of the 

competent authorities (mayors or prefects) to circumscribe the suspected area and prevent the owners of 

suspected herds from fleeing (Zina, 2017). 

o Informal institutional actors 

The Fulani are perceived as 'non-natives' in both their home and host areas. The Rugga and the Garso 

are nowadays the official and central political institution for both sedentary and transhumant cattle 

holders, who represent them vis-à-vis the state and the communes. Indeed, the Rugga is the basic 

traditional institution of the pastoral community that is responsible for organising transhumance and 

managing the difficulties encountered by the cattle holders along their routes. He is assisted at the local 

level by the Garso, who act as relays and informers or scouts (Thomas Bierschenk and Reiner Forster, 

2004). 

The local customary administration is involved in disease surveillance through chiefs, chairmen and 

members of village development committees (VDCs). When these authorities receive information about 

suspected disease outbreaks, they intervene by immobilising the infected herd or prohibiting it from 

crossing territorial boundaries. The chief of the area affected by the suspected outbreak informs his 

population and neighbouring villages through a town crier to take precautions (Zina, 2017). 

3.3. Local knowledge and representations of animal diseases 

Farmers have developed a set of symptoms that allow them to organise their popular representations of 

animal diseases. These groups of symptoms enable them to establish diagnoses and initiate treatment, 

sometimes well before they have to seek veterinary help. The possibilities of therapeutic recourse 

include i) self-medication with medicinal plants and the occult sciences; ii) self-medication with 

veterinary products sold on the informal market and iii) veterinary posts. Also, some diseases and 

diseases symptoms are named in Fulfulde. For example, fever is referred to as 'Djuké', lumpy skin 

disease as 'Boorla' and foot and mouth disease as 'Safa'. Ticks in general are referred to as "Koti" with 

nuances concerning the genus. For example, "Koti Balaidji" means "black tick" for the genus Hyalomma 

and "Koti Burhédjii" means "red tick" for the genus Amblyomma (Zina, 2017). 
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3.4. The relationship between transhumant and host communes 

One of the main relationships between transhumant cattle holders and the communes is the economic 

one. Markets and taxes are very important revenues for the receiving communes. For example, the 

livestock market in the commune of Matéri in northern Benin, which is mainly run by transhumant cattle 

holders, brings in up to 900 euros per month during the transhumance. The other relationships that exist 

between communes and pastoralists are sometimes social and conflictual. These conflicts most often 

involve pastoralists and indigenous people (Zina, 2017). 

3.5. Relations between cattle holders 

Apart from mutual accusations in the case of damage and theft of animals, social relations between 

transhumant herdsmen are better because they consider that they face the same difficulties. If a herd is 

followed by two herdsmen, the older one takes charge of driving the animals to the night pasture and 

rests during the day, while the younger one drives them during the day (Zina, 2017).    

Overview of epidemiological concepts, methodologies and statistics used in 

the thesis 

 

4.1. Multiple correspondence analysis (MCA) 

The methods of the main components are used to summarize and visualize the information contained in 

multivariate data. Among these methods, there is Multiple Correspondence Analysis (MCA). MCA is a 

method of multidimensional statistical description of a qualitative data table. It allows i) graphical 

representations of the content of the data table: representation of "similarities" between individuals and 

between the modalities of the qualitative variables; ii) a recoding into digital data, on which other 

methods can then be applied (Greenacre and Blasius, 2006). In practice, the MCA is a Factor analysis 

(FA) applied to the complete disjunctive table, i.e. to the matrix of indicators of the modalities of the 

qualitative variables. 

 

4.2. Systematic review and meta-analysis 

A systematic review is a synthesis of the scientific literature in response to a specific question. It uses 

explicit methods for searching, selecting and analyzing data. A systematic review attempts to gather all 

empirical evidence that meets pre-specified eligibility criteria to answer a specific research question. It 

uses explicit and systematic methods that are selected to minimize bias, thereby providing more reliable 

results from which conclusions can be drawn and decisions made (Higgins, 2003). The main 

characteristics of a systematic review are: 

- a clearly stated set of objectives with predefined eligibility criteria for studies ; 
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- an explicit and reproducible methodology; 

- a systematic search that attempts to identify all studies that would meet the eligibility criteria 

- an assessment of the validity of the results of the included studies, for example by assessing the 

risk of bias; and 

- a systematic presentation and synthesis of the characteristics and results of the included studies 

(Devillé et al., 2002; Moher et al., 2015). 

Statistical methods may or may not be used to synthesize the results of the studies. When such methods 

are used, it is called a meta-analysis. A meta-analysis is a systematic scientific method that combines 

the results of several independent studies on a given problem, according to a reproducible protocol. It 

allows a more accurate analysis of the data by increasing the number of cases studied and drawing an 

overall conclusion (Field and Gillett, 2010). By combining information from all relevant studies, meta-

analyses can provide more precise estimates of the effects of the endpoints studied than those derived 

from individual studies included in a single review (Kelley, 2012). They also facilitate investigations of 

the consistency of evidence across studies and exploration of differences between studies. 

A systematic review is therefore a true research method, and should not be confused with a general 

review in which the literature search is generally not exhaustive and which represents more the opinion 

of an expert or group of experts (Gopalakrishnan and Ganeshkumar, 2013). 

 

4.3. Species distribution models (SDM) 

Species distribution models (SDMs) are numerical tools that combine data on the occurrence or 

abundance of species with estimates of environmental parameters. They are used to generate ecological 

and evolutionary information and to predict the landscape distributions of species. These predictions of 

the distribution of different animal and plant species sometimes require extrapolation in space and time 

(Elith and Leathwick, 2009). 

Species distribution modelling is at the core of basic and applied biogeographic research. In recent years, 

species distribution models are increasingly used in biogeography, conservation, biology, ecology, 

paleoecology, and wildlife management studies. Model adaptation is often based on pattern matching 

methods, where links between the geographical occurrence of a species and a set of predictor variables 

are investigated. This helps to validate and prove statements about the mechanisms governing species 

distributions. These models provide estimates of the ecological requirements of species, although the 

demonstration of causal relationships between species distributions and predictor variables is dependent 

on the adequacy of the predictors used in model development (Araújo and Guisan, 2006). 

Species distribution modelling generally involves five main steps: conceptualisation; data preparation; 

model fitting; model implementation and prediction. These five steps are described below. The data 
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needed for species distribution modelling depends on the objectives set at the outset, and the choice of 

model type depends on this. In general, three main objectives for species distribution modelling can be 

distinguished: (i) inference and explanation, (ii) mapping and interpolation, and (iii) prediction and 

transfer (Figure 8). 

 
Figure 8: Overview of the successive steps (1–5) of the model building process, when two data sets – 

one for fitting and one for evaluating the model – are available. Model evaluation is either made: (a) 

on the calibration data set using bootstrap, cross-validation or Jack-knife techniques; (b) on the 

independent data set, by comparing predicted to observed values using preferentially a threshold-

independent measure (such as the Receiver Operating Characteristic ROC-plot approach for presence: 

absence models) (Source: Guisan and Zimmermann, 2000) 

 

 Conceptualisation 

During the conceptualisation phase, the main objectives are defined along with the choice of the type of 

model(s) to be implemented. This stage is devoted to the conceptualisation of the study in the light of 

the detailed knowledge we have of the species to be modelled. An inventory is made of the available 

biodiversity data that can be used and of those that need to be sought. The eventual collection of data 

will require a well-defined and adapted sampling plan to cover the study area in a representative manner. 

It is also during this phase that the hypotheses put forward are carefully tested (Guisan et al., 2017). It 

will be necessary to identify and select the different predictors that best characterise the species under 

study. Environmental variables are divided into three types of predictors: resource variables, direct 

variables and indirect variables (Guisan and Zimmermann, 2000). Finally, the different modelling 
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algorithms and the complexity of the model must be chosen according to the objectives and assumptions 

about the species' relationship with its environment. 

 Data preparation 

At this stage, real data on biodiversity and the environment are collected and subsequently processed. 

This process concerns all the data required for model adjustment, but also the data used to make 

transfers. Much attention should be paid to scale mismatch, i.e. when the spatial (or temporal) grain or 

range does not correspond between the biodiversity and the environmental data or within the 

environmental data. In such cases, decisions need to be made on appropriate scaling up and scaling 

down strategies. Environmental information collected at the required spatial resolution for the whole 

study area is best stored in a Geographic Information System (GIS). We distinguish four potential 

sources for collecting such environmental data, namely (i) field surveys or observational studies; (ii) 

printed or digitised maps; (iii) remotely sensed data (digital aerial photographs and satellite images) and 

(iv) maps obtained from GIS-based modelling procedures. These field data can be measurements made 

directly in the field (e.g. abiotic characteristics of a site) or a network of meteorological measurements 

to further interpolate climate maps. Spatial data on geology, soil units or hydrology are most often 

derived from existing printed or digitised maps. Maps of land cover, rock surfaces, snow cover, potential 

moisture or vegetation can be derived from aerial photographs from drones or satellite images. 

The other very important concern is the form of absence information provided for the biodiversity data. 

Not all SDM applications use the same form of species presence information. It could be direct 

observations, GPS positions of data loggers or museum archives, among others. All the SDM algorithms 

need some form of absence or background data which they use in opposition to the presence data. As 

absence data is not always available, suitable background or pseudo-absence data must be selected. The 

best strategy will depend on the objectives, the research question, the data and the SDM algorithm 

(Guisan et al., 2017). 

 Model fitting 

Model fit is the measure of the ability of a model to generalise to data similar to that with which it was 

trained. A good model fit relates to a model that matches the output accurately when provided with 

unknown inputs. Fitting involves the adjustment of the model parameters to improve the accuracy of the 

model. The method involves performing an algorithm on data for which the variable of interest  is known 

to generate a machine learning model. Then, the results of the model are checked against actual and 

observed values of the target variable to assess the accuracy. The following step is to adjust the standard 

parameters of the algorithm to reduce the level of uncertainty and make the model more precise in 

finding the relationship between the characteristics and the target variable. The process is replicated 

several times until the optimal parameters are found for the model to make predictions with high 

accuracy. 
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Model adjustment is the core of every SDM implementation. Many different algorithms are available. 

There is also the possibility to combine several algorithms into ensemble models or several candidate 

models with different sets of candidate predictors are averaged (Elith* et al., 2006; Hastie et al., 2009). 

These issues need to be addressed in the conceptualisation phase. There are important aspects to address 

in the model fitting stage. These include investigating multicollinearity in the environmental data, 

identifying the variables to be included in the model (without overfitting) and the process of selecting 

them. It will also be necessary at this stage to define the model parameters to be used. When several 

model algorithms or potential models are adjusted, what should be done to select the final model or to 

aggregate the results of the models? Should data non-independence (spatial or temporal autocorrelation, 

nested data) be tested or corrected? If the objective is to derive binary forecasts, what threshold should 

be used? More detailed information on these matters can be gleaned from (Franklin, 2010) and (Guisan 

et al., 2017). 

Overfitting negatively impacts the performance of the model on new data. It occurs when a model 

learns the details and noise in the training data too efficiently. When random fluctuations or the noise in 

the training data are picked up and learned as concepts by the model, the model overfits. It will perform 

well on the training set, but very poorly on the test set. This negatively impacts the model’s ability to 

generalize and make accurate predictions for new data. 

Underfitting happens when the machine learning model cannot sufficiently model the training data nor 

generalize new data. An underfit machine learning model is not a suitable model; this will be obvious 

as it will have a poor performance on the training data (https://www.educative.io/edpresso/definition-

model-fitting). 

 Model assessment 

Model assessment is an integral and essential part of the model development process. Evaluation allows 

us to find the optimal model that represents our data and to know how well the chosen model will 

perform in the future. Evaluating the performance of models with the data used for training is not an 

appropriate approach in data science as it can easily lead to over-optimistic and over-fitting models. 

Two methods of model evaluation exist in data science, the Hold-Out and the Cross-Validation. To 

prevent overfitting, both methods use a test set (not experienced by the model) to assess the performance 

of the model.  

Hold-Out   

This method is used when we have a large database.  The data set is randomly divided into three subsets 

in this method:   

 The training set is a subset of the dataset used to develop predictive models. 

https://www.educative.io/edpresso/definition-model-fitting
https://www.educative.io/edpresso/definition-model-fitting
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 The validation set is a subset of the data set used to evaluate the performance of the 

model built in the training stage. This provides a test platform for refining the model 

parameters and choosing the best model. All modelling algorithms do not need a 

validation set. 

 The test set, or unseen examples, is a subset of the data set for assessing the likely future 

performance of a model. If a particular model fits the training set significantly better 

than the test set, it is probably an over-fit. 

Cross-validation   

This method is used when only a small database is available. In this case and to obtain an unbiased 

estimate of the model's performance, it is recommended to use k-fold cross-validation. In k-fold cross-

validation, we divide the data into k subsets of equal size. We build models k times, each time excluding 

one of the subsets from the training and using it as a test set. If k is equal to the sample size, this is called 

leave-one-out. 

 Predictions 

After thoroughly fitting the SDMs, inspecting the behaviour of the model and the extrapolation, and 

evaluating the predictive performance, it is now the stage of making predictions in both space and time. 

It is important in this process to consider the quantification of uncertainty due to input data, algorithms, 

model complexity and boundary conditions (e.g. climate scenarios) (Araújo et al., 2019; Thuiller et al., 

2019). It is also recommended to quantify the uncertainty due to new environments when transferring 

the model to a different geographical area or period (Zurell et al., 2012). 

In our study of modelling the distribution of Rhipicephalus (Boophilus) microplus in West Africa, we 

used six types of models: Boosted Regression Tree (BRT), Generalized Additive Models (GAM), 

Generalized Linear Models (GLM), Maximum Entropy (MaxEnt), Random Forest (RF) and Support 

Vector Machine (SVM). We described these six models below. 

4.2. Random Forest (RF) 

Random Forest (RF) is a supervised learning algorithm that can operate efficiently on databases and 

provide estimates based on the importance of specific variables in classification (Wang et al., 2015). 

The "forest" constructed is a set of decision trees trained by the bagging method. The principle of the 

bagging method is a combination of learning models that increase the overall model output. Each tree 

is constructed independently from a random sample with bootstrapping of the data set. A randomly 

selected subset of predictors is used to divide each node (Kotsiantis, 2011). In the case of bagging, 

successive trees are not dependent on each other. A simple majority vote is used for the final prediction. 

(Liaw and Wiener, 2002).  
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4.3. Boosted Regression Tree (BRT) 

Boosted regression tree (BRT) models use two techniques: bagging methods of decision tree algorithms 

and boosting methods. BRT methods randomly sample from the data for each new decision tree 

constructed. The selected samples are returned to the dataset and can be selected in the following trees. 

BRTs use the boosting method which weights the input data in the following trees. The weights increase 

the probability of selection in the new tree of data poorly modelled by the previous trees. By this 

continuous adjustment process the model tries to improve its accuracy. Boosted regression trees are 

quite robust, work well with missing data and need at least two predictors to work. (De’ath, 2007; Elith 

et al., 2008; Elith and Leathwick, 2017; Franklin, 2010). 

4.4. Generalized Linear Models (GLM) 

Generalized linear models is a class of models that share a common method for computing parameter 

estimates and the property of linearity. GLM includes linear regression models, analysis of variance 

models, logit and probit models, log-linear models and multinomial response models (McCullagh and 

Nelder, 1998). Generalised Linear Models (GLM) highlight the relationship between the response 

variable and a set of predictor variables by searching for the most suitable and parsimonious model 

(Guisan et al., 2002). They are often used to describe the relationship between species and their 

environment. GLMs offer a less restrictive form than conventional multiple regressions by providing 

error distributions for the dependent variable other than normal and non-constant variance functions 

(Thuiller et al., 2003).  

4.5. Generalized Additive Models (GAM) 

Generalized additive models (GAMs) are a broader generalization of generalized linear models (GLMs) 

that automatically identify appropriate polynomial transformations of predictors for better predictions 

(Guisan et al., 2002). GAMs are tuned like GLMs, except in cases where some predictors can be 

modelled non-parametrically in addition to the linear and polynomial terms of other predictors. The 

probability distribution of the response variable must always be specified, and in this case a GAM is 

said to be parametric. The selection of the appropriate level of the "smoother" of a predictor is a very 

important step in the application of GAMs. Using the concept of effective degrees of freedom would be 

the best way to specify the level of smoothness.(Elith* et al., 2006; Franklin, 2010; Guisan et al., 2002; 

Hastie et al., 2009). 

4.6. Maximum Entropy (MaxEnt) 

MaxEnt is a generic machine learning technique using a simple and precise mathematical formulation. 

It presents some features that make it well adapted to the modelling of species distribution. MaxEnt is a 

very popular species distribution modelling because of its high degree of accuracy and flexibility to 

species specific situations (Zeng et al., 2016). 
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The MaxEnt software relies on the maximum entropy approach to model niches and species 

distributions. Using a set of environmental grids and georeferenced localities of occurrence, the model 

expresses a probability distribution where each cell of the grid has a predicted fit of conditions for the 

species. Depending on specific assumptions about the input data and the biological sampling efforts that 

led to the recording of occurrences, the output can be interpreted as a predicted probability of occurrence 

or as a predicted local abundance (Elith et al., 2011; Phillips et al., 2017). We implemented this model 

using R packages rJava and dismo. 

 

4.7. Support Vector Machine (SVM) 

Support Vector Machine (SVM) is a family of machine learning algorithms that can be used to solve 

classification, regression and anomaly detection problems. They are known for their strong theoretical 

guarantees, their great flexibility as well as their simplicity of use even without much knowledge of data 

mining. Their purpose is to separate data into classes using a boundary that is as "simple" as possible so 

that the distance between the different groups of data and the boundary that separates them is maximum. 

This distance is also called the "margin" and SVMs are thus called "wide margin separators", with the 

"support vectors" being the data closest to the border. This notion of boundary assumes that the data are 

linearly separable, which is often not the case. To overcome this, SVMs often rely on the use of 

"kernels". These mathematical functions make it possible to separate the data by projecting them into a 

feature space (a vector space of higher dimension). The margin maximisation technique, on the other 

hand, guarantees greater robustness to noise and therefore a more generalisable model (Wang et al., 

2004). 

4.8. Ensemble modelling 

Ensemble modelling is the process of running two or more related but different analytical models and 

then consolidating the results into a single score or variance to increase the accuracy of both predictive 

analysis and data mining applications. In predictive modelling and other types of data analysis, a unique 

model based on a sample of data may have significant bias, variability or inaccuracies that affect the 

reliability of its analytical results. The use of specific modelling techniques can have similar drawbacks. 

By combining different models or analysing multiple samples, scientists and other data analysts can 

reduce the effects of these limitations and provide better information to decision-makers. A common 

example of ensemble modelling is a random forest model. This approach to data mining relies on 

multiple decision trees, a type of analytical model designed to predict outcomes based on different 

variables and rules. A random forest model mixes decision trees that can analyse different data samples, 

evaluate different factors or weigh common variables differently. The results of the different decision 

trees are then converted into a simple average or aggregated by additional weighting (Kotu and 

Deshpande, 2019; Naimi and Araújo, 2016). 
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Ensemble modelling has gained popularity as more and more organisations have deployed the 

computing resources and advanced analysis software needed to run such models. Furthermore, the 

emergence of Hadoop and other big data technologies has driven organisations to store and analyse 

larger volumes of data, creating greater potential for running analytical models on different data samples.
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Objectives of the thesis 

Livestock farming accounts for a large share of the agricultural GDP of all ECOWAS countries (44% 

according to the ECOWAS Commission). According to the World Bank, cattle farming is generally 

practised extensively (70% to 90% pastoralism). This type of farming favours the exchange of vectors 

and pathogens on pastures and water points. In the 2000s we witnessed the introduction of the invasive 

tick R. microplus in West Africa through Côte d'Ivoire and Benin. Since then, this tick has continued to 

spread to other countries in the sub-region. The various actors in the epidemiological surveillance 

networks of West African countries do not always have a good knowledge of the different tick species 

that circulate there. They do not master the risk of the introduction of these ticks and their pathogens 

and their dispersion dynamics. 

General objective 

The general objective of this work is to contribute to reduce the impact of vector-borne diseases by 

improving the knowledge of the different factors that contribute to the dispersion of ticks and tick-borne 

diseases in the area.  

Specific objectives 

This thesis has been structured into four parts according to the specific objectives pursued 

Part I: Assessing the level of knowledge of farmers regarding ticks and tick-borne diseases and the 

different practices they use to control these parasites (Study 1).  

The first study aimed to investigate the perception of cattle holders about ticks and tick-borne diseases 

(TBD) in cattle, their practices in tick control and the social groups involved in cattle farming in Burkina 

Faso and Benin. This inventory will provide a clear overview of farmers' knowledge of the different tick 

species present in the study area. It will also allow us to assess their knowledge of tick-borne diseases. 

Finally, this inventory will allow us to identify the different methods of control used by these farmers 

against ticks and tick-borne diseases. 

Part II: Characterizing the departure and arrival zones of transhumant cattle holders and the 

transhumance corridors (Study 2).  

The second study aimed to highlight, firstly the corridors and grazing areas used by Burkina Faso 

transhumant cattle herds going to Benin, secondly the characteristics of departure and arrival areas of 

transhumance and thirdly, the risk score related to the introduction and spread of the invasive tick 

species, R. microplus, in free areas. It is important to identify the different transhumance corridors used 

by Burkina Faso’s transhumant towards northern Benin and the different grazing areas to highlight the 

risk factors that could contribute to the spread of ticks and tick-borne diseases in the region. 
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Part III: Assessing the dispersion dynamics of Rhipicephalus microplus in West Africa (Studies 3 and 

4). 

The third study aimed to identify models developed by researchers to understand the dynamic of ticks 

and tick-borne diseases spread and to assess the performance of these various models with a meta-

analysis. 

The fourth study aimed to highlight the extent of the spread of R. microplus in West Africa today and 

to show at which level the West African environment is adapted to the habitat of R. microplus through 

habitat suitability models. 

Part IV: Assessing the economic impact of ticks and tick-borne diseases in the study area (Study 5). 

The fifth and last study aimed to evaluate the clinical and economic impact of ticks and tick-borne 

diseases in cattle herds and the benefits of controlling these parasites. 
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Preamble of study 1 

This study responds to a concern to better know the actors involved in the livestock sub-sector. It was 

important to characterise the livestock actors in the area through their ethnicity, social groups, main 

activities, etc. This information is crucial for the development of acceptable animal disease control 

strategies by the animal health authorities. It was also necessary to assess the knowledge of these farmers 

about ticks and tick-borne diseases and their various practices for controlling these parasites. Using a 

questionnaire and statistical modelling, this study explored farmers' perceptions of ticks and tick-borne 

diseases in cattle, their tick control practices and the social groups involved in cattle farming in eastern 

Burkina Faso (46 random herds) and northern Benin (44 random herds).  
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Preamble of study 2 

The main livestock strategy in West Africa is pastoralism, including transhumance, the seasonal 

migration of livestock with pastoralists. This ancient and adaptive strategy aims to optimise livestock 

access to water and pasture. However, it can favour the cross-border spread of pathogens and vectors. 

The objective of this study was to identify, firstly, the grazing corridors and areas used by transhumant 

herds from Burkina Faso to Benin; secondly, the characteristics of transhumance departure and arrival 

areas; and thirdly, to develop a risk score for the introduction and spread of the invasive tick, 

Rhipicephalus microplus, in free-ranging areas. For this purpose, GPS devices were given to 27 cattle 

holders to follow a full season of transhumance between eastern Burkina Faso and northern Benin.  
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Preamble to Study 3 

To understand the process of introduction and spread of ticks and tick-borne diseases in different areas, 

and to predict their occurrence, scientists have developed different models. One of the first activities of 

this thesis was to review the state of the art of the different models used to study the dynamics of tick 

and tick-borne disease dispersal in the world over the last 20 years (2010-2020) with a focus on Africa. 

This study aimed to identify the different models developed by researchers to understand the dynamics 

of the spread of ticks and tick-borne diseases. A literature search based on the PRISMA protocol was 

implemented in two online databases (Scopus and PubMed). The selected articles were classified 

according to country, type of model and purpose of modelling. The sensitivity, specificity and accuracy 

of the available data of these models were investigated using meta-analysis approaches.  
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Preamble of study 4 

Tick-borne diseases are among the most important diseases affecting animals and humans. The rapid 

spread of ticks and tick-borne diseases requires the development and implementation of rapid and 

effective prevention and/or control programs. To achieve this, tick-borne diseases and their vectors 

require a thorough understanding of their epidemiology through accurate epidemiological models. The 

objective of this study is to develop models to predict the distribution of the habitat of Rhipicephalus 

microplus. Data on the presence of the tick were collected from ten different studies conducted in six 

West African countries over the last decade. Six statistical models (Maximum Entropy in a single model 

and Generalized linear model, Generalized additive model, Random forest, Boosted regression tree and 

Support vector machine model in an ensemble model) were applied and compared to predict the habitat 

suitability distribution of R. microplus in West Africa. Each model was evaluated accordingly with the 

area under the receiver operating characteristic curve (AUC), the true skill statistic (TSS) and the Boyce 

index (BI).  
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ABSTRACT 

Background: Ticks have a medical and economic importance due to their ability to transmit pathogens 

to humans and animals. In tropical and sub-tropical countries, tick-borne diseases (TBD) are among the 

most important diseases affecting livestock and humans. The fast spread of ticks and TBD requires a 

quick development and application of efficient prevention and/or control programs. Therefore, prior 

investigations on TBD and related vectors epidemiology, for instance through accurate epidemiological 

models are mandatory. This study aims to develop models to forecast suitable habitat of Rhipicephalus 

microplus distribution in West Africa. Methods and principal findings: Tick occurrences were 

assembled from ten different studies carried out in six West African countries in the past decade. Six 

statistical models (Maximum Entropy in a single model and Generalized Linear Model, Generalized 

Additive Model, Random forest, Boosted Regression Tree and Support Vector Machine model in an 

ensemble model) were applied and compared to predict the habitat suitability of R. microplus 

distribution in West Africa. Each model was evaluated with the area under the receiver operating 

characteristic curve (AUC), the true skill statistic (TSS) and the Boyce index (BI). The selected models 

had good performance according to their AUC (above 0.8), TSS (above 0.7) and BI (above 0.8). 

Temperature played a key role in MaxEnt, while normalized difference vegetation index (NDVI) was 

the most important variable in the ensemble model. The model predictions showed coastal countries of 

West Africa as more suitable for R. microplus. In addition, some Sahelian areas seems also favourable. 

Conclusions and significance: We stress the importance of vector surveillance and control in countries 

that have not yet detected R. microplus but are in the areas predicted to host suitable habitat. Indeed, 

awareness raising and training of different stakeholders must be reinforced for better prevention and 

control of this tick in these different countries according to their status. 

Keywords: Tick; Africa; Maximum Entropy; Random forest; Generalized Linear Model; Generalized 

Additive Model; Boosted Regression Tree; Support Vector Machine; Ensemble modelling. 

 

 

INTRODUCTION  

Livestock plays a key role in the macro economy of West Africa and provides livelihoods for millions 

of people. The main cattle rearing strategy in West Africa is pastoralism, including transhumance: i.e. a 

seasonal migration of cattle with their herders. This adaptive strategy aims to optimize livestock access 

to water and pastures. However, it can favour pathogens and vectors transboundary spread.  

Ticks are an important threat to livestock and human health worldwide. These vectors are of medical 

and economic importance due to their ability to transmit various pathogens to animals and humans 

(Jongejan and Uilenberg, 2005; Duvallet et al., 2017). Tick-borne diseases (TBD) including protozoan 

diseases (e.g. theileriosis and babesiosis), rickettsial diseases (e.g. anaplasmosis and heartwater), viral 

disease (e.g. Tick-Borne Encephalitis, Crimean Congo Haemorrhagic Fever and Lumpy Skin Disease) 
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and bacterial diseases (e.g. dermatophilosis and Q fever) represent major health and management 

problems of livestock in many developing countries. In Tanzania, Kivaria, (2006) reported economic 

losses from tick-borne diseases in livestock of US$ 364 million. These losses included the deaths of 1.3 

million cattle representing 7.34% of the country's livestock population (Kivaria, 2006). 

The most important Ixodidae ticks species hampering livestock improvement in West Africa belong to 

the genera Hyalomma, Rhipicephalus and Amblyomma (Frans, 2000). Among these species, the invasive 

tick, Rhipicephalus microplus was the most studied during the last two decades since its introduction in 

West Africa in 2002-2004 (Maxime Madder et al., 2007 and 2012). Rhipicephalus microplus the cattle 

tick originating from Asia is distributed in the tropical and subtropical regions of the world and has a 

commercial importance (Frisch, 1999; Labruna et al., 2009). Initially in Africa this tick has been 

established in southern and eastern countries such as South Africa, Mozambique, Zimbabwe, Malawi, 

Zambia, Tanzania, and Kenya (Walker et al., 2003). Its first occurrence was reported in West Africa in 

Ivory Coast (Maxime Madder et al., 2007) and Benin (de Clercq et al., 2012; Maxime Madder et al., 

2012). After its introduction in this part of Africa it has spread in several other countries such as Burkina 

Faso, Togo, Mali (Adakal et al., 2013), Nigeria (Opara and Ezeh, 2011; Musa et al., 2014; Adedayo and 

Olukunle, 2018), and Cameroon (Silatsa et al., 2019).  

The complex epidemiology of TBD includes strong ties with environmental factors (e.g. temperature, 

humidity, and vegetation) that influence vector abundance, host availability, and pathogen transmission 

(Robinson et al., 2015). The rapid spread of ticks and TBD suggests the need for implementing rapid 

and efficient prevention and/or control programs. Developing relevant control programs for ticks spread 

and the various TBD requires deep understanding of the biology of these ticks and TBD and the use of 

accurate epidemiological models. 

Modelling is a powerful tool for informing policies development for the prevention and control of animal 

diseases. It has become a widely used tool to support the evaluation of various disease management 

activities (Eisen and Eisen, 2011). In the field of animal health, models may be useful in various ways 

like (e.g.) retrospective analysis, contingency planning, resource planning, training, surveillance 

targeting, and real time decision support (Taylor, 2003).  

Ticks are not host-permanent parasites. They alternate between non-parasitic and parasitic phases. 

Therefore, their survival and development are strongly related to the characteristics of the biotic (e.g. 

host) and abiotic (e.g. host habitat, temperature, and humidity) environment (Duvallet et al., 2017). To 

study the distribution of ticks it is important to use models that are best suited to their biology, such as 

species distribution models (SDM). These last also known as climate envelop models, habitat suitability 

models and ecological niche models, use the environmental records for sites of occurrence (presence) 

of a species to forecast a response variable, like suitability, for a site where the environmental conditions 

are appropriate for the survival of that species and therefore where it can be reasonably expected to be 

found. SDM compare the locations of where a species has been observed to other location where i) it 
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has not been observed (true absence) ii) it is not believed to be observable (pseudo-absences) iii) the 

background environment (background points) (Guisan et al., 2017).  

One of the main applications of this method is to predict the ranges of vector species with climatic data 

as predictors. Modelling the habitat of a vector species requires prior knowledge of its biology and 

ecology. In the lifetime of ticks, they alternate between so-called "non-parasitic" life phases, during 

which metamorphosis, egg laying and incubation take place, and parasitic phases, during which they 

feed on the blood of their vertebrate host (Duvallet et al., 2017). During their non-parasitic life, they 

need climatic and environmental conditions (e.g. temperature, humidity, vegetation) adapted to each 

species in order to fulfil the different off-host phases of their biological cycle. The availability of suitable 

and specific hosts is also crucial for their survival in a given environment, as these ectoparasites are 

exclusively haematophagous. These conditions are therefore very important for the installation and 

expansion of a tick species in an environment (Sonenshine and Roe, 2013). A risk assessment of the 

introduction and spread of a tick species must address these different biological parameters. 

Rhipicephalus microplus is widely distributed in tropical and subtropical areas of the world where it is 

responsible of a major problem for livestock owners as it causes important economic losses to animal 

production. It is present in Africa, Southeast Asia, South and Central America, including Argentina, 

Brazil, Cambodia, Malaysia, Mozambique, Panama, Philippines, Taiwan and Texas, South China, 

Bangladesh, India, Myanmar, Nepal, and Pakistan  (Labruna et al., 2009; Agustín Estrada-Peña et al., 

2012; Burger et al., 2014; Low et al., 2015; Roy et al., 2018). Climatic conditions such as temperature, 

humidity, and rainfall are known to directly influence the annual number of generations of R. microplus, 

notably via the non-parasitic phase. This influence suggests that climatic variables could significantly 

modify tick epidemiology (A. Estrada-Peña et al., 2005; Pfäffle et al., 2013). Rhipicephalus microplus 

is a species native to South East Asia which spread to America, Australia and Africa through the cattle 

trade (Walker et al., 2003). To improve the African cattle breed productivity, dairy cattle from Brazil 

were introduced in West Africa in the 2000s. Unfortunately, the invasive tick species has been also 

introduced through Côte d’Ivoire (Maxime Madder et al., 2007) and Benin (Maxime Madder et al., 

2012). Since its introduction in the West African sub-region in the 2000s, R. microplus has not stopped 

spreading. New locations for its establishment have been reported over the last ten years (Boka et al., 

2017; Kamani et al., 2017). Then, thanks to transhumance, R. microplus distribution area increased. It 

is now present in Benin, Burkina Faso, Côte d’Ivoire, Mali, Nigeria and Togo (Adakal et al., 2013; 

Adedayo and Olukunle, 2018; de Clercq et al., 2012; Madder et al., 2012, 2007; Musa et al., 2014; Opara 

and Ezeh, 2011). 

The objective of this study was to highlight the extent of the spread of R. microplus in West Africa today 

and to show the suitability of the West African environment for the habitat of R. microplus using species 

distribution models. These models were used individually for some and together (ensemble modelling) 

for others. 
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MATERIALS AND METHODS 

Study area  

The study area included the West African countries located between 18°E - 15°W and 4°N - 16°N (Fig. 

1). West Africa has three major climatic zones: the Guinean zone which extends approximately between 

6°- 8°N, the Sudanian zone approximately between 8°- 12°N and the Sahelian zone between 12°- 16°N 

(Kouassi et al., 2010). 

One of the main assumption of correlative species distribution modelling applied to alien species is the 

niche conservatism of the native environmental niche into the invaded area (Pearman et al., 2008). While 

usually tested using ordination techniques, here, due to lack of a sufficient number of occurrences in the 

native area with temporal consistency with the occurrences in West Africa, we proposed a qualitative 

analysis based on the similarity of the Koppen-Geiger climatic classification for the native (South East 

Asia, Appendix S1) and the invaded areas (South America and sub-Saharan Africa) to test this 

assumption (Romero et al., 2021).  

 

Fig.1: Study area with different occurrences of R. microplus 

Legend: Red dot, presence of R. microplus; Green dot, absence of R. microplus. 
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Data 

Tick occurrence data  

A collection of the sampling locations was built and used here as occurrence (i.e. presence) and non-

occurrence (i.e. absence) data (Fig 1). These different surveys, conducted between 2008 and 2017, 

revealed the presence of R. microplus in 316 locations (Table 1).  

Table 1. R. microplus distribution studies in West Africa since its introduction  

Place of ticks collection Period of ticks collection Number of 

occurrences 

References 

Côte d’Ivoire 2008 21 Madder et al., 2011 

Benin 2008 33 Madder et al., 2012 

Benin 2011 52 de Clercq et al., 2012 

Burkina Faso; Mali and Togo 2011 12 Adakal et al., 2013 

Ivory Coast 2011 to 2012 25 Toure et al., 2014 

Burkina Faso  2013 23 Unpublished 

Benin and Burkina Faso 2012 to 2013 8 Biguezoton et al., 2016 

Ivory Coast 2015 99 O. Boka et al., 2017 

Nigeria 2014 to 2015 4 Kamani et al., 2017 

Benin and Burkina Faso 2017 39 Ouedraogo et al., 2021 

 

Predictors 

A set of 13 relevant variables (Table 2) related to the environment of the tick and its host were selected. 

The biotic predictor selected was cattle density, as  R. microplus was described as a specific and the 

most significant parasite for cattle (Bellgard et al., 2012). The abiotic predictors selected were 

temperature, rainfall, vegetation index and land cover. Vegetation (pasture for herds) were considered 

as dependent on climatic factors (rainfall and temperature). It plays a key role in the life of the tick host 

(cattle). The availability of pasture and water are determinants for the presence of the cattle in an area.  

Abiotic factors (temperature, humidity, vegetation index and land cover) are crucial for the survival of 

the tick during its off-host stages (Apanaskevich and Oliver, 2014).     

The rainfall and the temperature data used in this study were climate data set for the earth land surface 

areas at a spatial resolution of 1 km. The rainfall data and the temperature data were annual mean patterns 

for the time period of 1979-2013; http://chelsa-climate.org/bioclim/ (Table 2). 

The cattle density dataset contains the global distribution of cattle in 2010 expressed in total number of 

cattle per pixel (5 min of arc) according to the Gridded Livestock of the World database (GLW 3) (Table 

2). 
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The Normalized difference vegetation index (NDVI) data used here is the calculation of the mean of the 

NDVI raster of the twelve months of 2015 downloaded from the MODIS NDVI; 

https://lpdaac.usgs.gov/products/mod13a3v006/ with a resolution of 1 km (Table 2). 

The annual (2015) land cover variables (Cropland, Mosaic tree and shrub, Mosaic herbaceous cover, 

Shrub land, Grassland, Sparse vegetation, Urban areas, Bares areas and Water bodies) were downloaded 

from https://www.esa-landcover-cci.org, with a resolution of 1 km (Table 2). 

Variable pre-processing 

A collinearity test on the predictors was used to check for linear associations between two or more 

explanatory (predictors) variables. Two variables are perfectly collinear if there is an exact linear 

relationship between them. For the diagnosis of collinearity we used the Variance Inflation Factor (VIF) 

method to see which variables are really necessary for the computation of the different models 

(Akinwande et al., 2015). A VIF in the range of 5 to 10 shows a high correlation which can be 

problematic. If the VIF rises above 10, it can be argued that the regression coefficients are misestimate 

because of multi-collinearity, which must be treated appropriately (Akinwande et al., 2015). Variables 

with VIF greater than five will not be used further. The correlation of the predictors with the presence 

of the tick was highlighted by the multivariate regression preceding the VIF analysis and included in the 

collinearity analysis. This helped in the selection of relevant predictors for the modelling (Table 2). 

Variables with many missing values were removed from the list of predictors. The number of presence 

and absence data was balanced accordingly. In our data, the number of absence points was higher than 

the number of presence points, so we randomly sampled 316 points (total number of presence points) 

from all absence points. In addition, all predictors’ rasters resolutions were harmonized at the spatial 

resolution of 10 km. 

Table 2. R. microplus potential predictors and associated variables, sources, and their variance 

inflation factors 

Predictors Description VIF Type Period Sources 

Rainfall Annual rainfall 

[mm/year] 

2.17 Climatic 1979-

2013 

http://chelsa-

climate.org/bioclim

/ 

Temperature Annual Mean 

Temperature 

[°C*10] 

2.15 Climatic 1979-

2013 

http://chelsa-

climate.org/bioclim

/ 

Cattle  Cattle density 

(Head/Km2) 

1.32 Host 2010 https://dataverse.ha

rvard.edu/dataset.x

html?persistentId=d

oi:10.7910/DVN/G

IVQ75; (Nicolas et 

al., 2016; Gilbert et 

al., 2018) 

https://www.esa-landcover-cci.org/
https://dataverse.harvard.edu/dataset.xhtml?persistentId=doi:10.7910/DVN/GIVQ75
https://dataverse.harvard.edu/dataset.xhtml?persistentId=doi:10.7910/DVN/GIVQ75
https://dataverse.harvard.edu/dataset.xhtml?persistentId=doi:10.7910/DVN/GIVQ75
https://dataverse.harvard.edu/dataset.xhtml?persistentId=doi:10.7910/DVN/GIVQ75
https://dataverse.harvard.edu/dataset.xhtml?persistentId=doi:10.7910/DVN/GIVQ75
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NDVI Normalized 

difference 

vegetation index 

2.23 Environmental 2015 https://lpdaac.usgs.

gov 

/products/mod13a3

v006/ 

Crop 

(code: 10) 

Cropland 2.29 Environmental 

(Land cover) 

2015 https://www.esa-

landcover-cci.org 

Mosaic TSHC 

(code: 100) 

Mosaic tree and 

shrub (>50%) / 

herbaceous cover 

(<50%) 

1.03 Environmental 

(Land cover) 

2015 https://www.esa-

landcover-cci.org 

Mosaic HCTS 

(code: 101) 

Mosaic 

herbaceous cover 

(>50%) / tree and 

shrub (<50%) 

1.01 Environmental 

(Land cover) 

2015 https://www.esa-

landcover-cci.org 

Shrub  

(code: 120) 

Shrubland 1.47 Environmental 

(Land cover) 

2015 https://www.esa-

landcover-cci.org 

Grass  

(code: 130) 

Grassland 1.31 Environmental 

(Land cover) 

2015 https://www.esa-

landcover-cci.org 

Vegetation  

(code: 150) 

Sparse vegetation 

(tree, shrub, 

herbaceous cover) 

(<15%) 

0.00 Environmental 

(Land cover) 

2015 https://www.esa-

landcover-cci.org 

Urban  

(code: 190) 

Urban areas 56.54 Environmental 

(Land cover) 

2015 https://www.esa-

landcover-cci.org 

Bare  

(code: 200) 

Bare areas 0.00 Environmental 

(Land cover) 

2015 https://www.esa-

landcover-cci.org 

Water  

(code: 210) 

Water bodies 0.00 Environmental 

(Land cover) 

2015 https://www.esa-

landcover-cci.org 

 

Legend: VIF, Variance inflation factors; NDVI, Normalized difference vegetation index; HCTS, 

Mosaic herbaceous Cover Tree and Shrub. 

 

Modelling 

Six models were used in this study. The Maximum Entropy Model (MaxEnt) used alone with only R. 

microplus presence data, while five other models, i.e. Generalized Linear Model (GLM), Generalized 

additive model (GAM), Random Forest (RF) model, Boosted regression tree (BRT) and Support vector 

machine model (SVM), were used to produce an ensemble model using R. microplus presence and 

absence data via the R package “sdm” (Naimi and Araújo, 2016).  

In addition, a sensitivity analysis was carried out to assess the contribution of each predictor used in 

models through the variables importance analysis in each modelling technique. The variable importance 

was addressed in MaxEnt model by the permutation importance values.  

 

https://lpdaac.usgs.gov/
https://lpdaac.usgs.gov/
https://www.esa-landcover-cci.org/
https://www.esa-landcover-cci.org/
https://www.esa-landcover-cci.org/
https://www.esa-landcover-cci.org/
https://www.esa-landcover-cci.org/
https://www.esa-landcover-cci.org/
https://www.esa-landcover-cci.org/
https://www.esa-landcover-cci.org/
https://www.esa-landcover-cci.org/
https://www.esa-landcover-cci.org/
https://www.esa-landcover-cci.org/
https://www.esa-landcover-cci.org/
https://www.esa-landcover-cci.org/
https://www.esa-landcover-cci.org/
https://www.esa-landcover-cci.org/
https://www.esa-landcover-cci.org/
https://www.esa-landcover-cci.org/
https://www.esa-landcover-cci.org/
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Maximum Entropy (MaxEnt) 

MaxEnt is a machine learning technique using a set of environmental grids and georeferenced locations 

of occurrence to model niches and species distributions (Phillips et al., 2006; Jane Elith et al., 2011; 

Zeng et al., 2016; Phillips et al., 2017). Our MaxEnt model was trained and tuned using the ENMeval 

package (Muscarella et al., 2014). We used the function ENMevaluate with nine arguments: “occ”, env, 

“bg.coords”, “method”, “algorithm”, “kfold”, “RMvalues”, “fc” and “parallel”. The “occ” argument 

here was B. microplus occurrences data. The predictor layers were stacked in the argument “env” and 

we sampled 10000 background coordinates for the argument “bg.coords”. We chose the “block” method 

for data partitioning, the algorithm of “maxent.jar” and the number of bins used in the k-fold cross-

validation was k=10. The features combination used in the argument “fc” were: L, LQ, LQP and LQPH 

(L=linear, Q=quadratic, P=product and H=hinge). The selected model was the one with the lowest 

Akaike information criterion (AIC) (Warren et al., 2010). The MaxEnt model’s running and prediction 

were made with the following arguments: "replicates=10", "replicatetype=crossvalidate", 

"doclamp=FALSE", "extrapolate=TRUE", "maximumiterations=5000", "betamultiplier=1.5", 

"randomseed", "removeduplicates", "writeplotdata", and "pictures". 

Ensemble modelling 

Various methods exist for ensemble modelling and can be defined in the method specification. In this 

study, the R package “sdm” was used for the ensemble modelling (Naimi and Araújo, 2016). First we 

created a data object “d” with the function “sdmData” including argument “species” and “predictors”. 

The arguments of “species” summarize the presence and absence points of R. microplus and “predictors” 

the seven selected explanatory variables. We used the "weighted average" method and the evaluation 

statistic was the TSS.  The selected models are GLM, GAM, RF, BRT and SVM. The validation methods 

used were cross-validation with (cv.folds=5) and bootstrapping (n=10).  

Generalized linear model (GLM) 

Generalised Linear Models (GLM) highlight the relationship between the response variable and a set of 

predictor variables by searching for the most suitable and parsimonious model (Thuiller et al., 2003).  

Generalized additive model (GAM) 

GAMs are useful when the relationship between variables is expected to be of a more complex form, 

not easily fitted with standard parametric functions of the predictors (e.g. GLM with a linear or quadratic 

response), or where there is no priori reason for using a particular shape (Hastie and Tibshirani, 1990; 

Guisan et al., 2017). A GAM can be used in addition to a GLM, to explore the general shape of the 

response function and to implement it in the best possible way in a GLM  (Guisan et al., 2002). 
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Random Forest 

Random forest (RF) is a supervised learning algorithm. The "forest" that it builds is a set of decision 

trees, usually trained by the "bagging" method (Peters et al., 2011).  

Boosted regression tree (BRT) 

The BRT is a technique that aim to improve the performance of a single model by fitting many models 

and combining them for prediction. This technique uses two algorithms: the classification and regression 

tree (decision tree) group of models, and boosting builds and combines a collection of models (Elith et 

al., 2008). 

Support vector machine model (SVM) 

The SVM model is able to strike the most rational balance between species adaptability and complexity 

in order to achieve the most likely distribution given the constrained information in the data sample 

(Drake et al., 2006). 

 

Model validation and evaluation 

The validation methods used were cross-validation and bootstrapping (n=10). 

Cross-validation is a resampling procedure used to evaluate machine learning models on a limited data 

sample. The procedure has a single parameter called k that refers to the number of groups that a given 

data sample is to be split into. The model will train k models, each with k-1 folds, and the kth (last fold) 

will be used to test it (Hijmans, 2012). Overall accuracy is calculated by the average of the accuracy 

from all k models. 

Bootstrapping replicates a sampling method with replacement, each time a sample of equal size to the 

original data is drawn and used as training data. Observations that are not selected are used for evaluation 

in each round (Naimi and Araújo, 2016). 

To evaluate the performance of the models three parameters were considered: the Area under the 

receiver operating curve (AUC), the True Skill Statistics (TSS) and the Boyce Index. We use AUC, TSS 

and Boyce index for the MaxEnt model and AUC and TSS for the ensemble modelling.  

A model with no predictive power would have an AUC of  0.5 (e.g. a diagonal line), while a perfect 

model would correspond to an AUC of 1 (Boyce et al., 2002; Allouche et al., 2006). 

A TSS value of  +1 indicates perfect agreement and values of zero or less indicate performance no better 

than random (Allouche et al., 2006). 
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Boyce's index is an evaluation tool adapted for models predicting species distribution based on presence-

only data (Di Cola et al., 2017). The Boyce index is ranged from -1 to +1 and positive values indicate 

consistent predictions of species presences. Values close to zero mean that the pattern is no different 

from a random pattern and negative values indicate counter-predictions, i.e. prediction of areas of 

presence more frequent as it is highly relevant to the species (Boyce et al., 2002; Hirzel et al., 2006).   

 

Softwares 

Analyses were carried out with R software version 4.0.5  R Core Team (2021). The following R packa

ges were used: dismo, ENMeval, and sdm (Hijmans and Elith, 2013). The MaxEnt model was impleme

nted using R packages rJava and dismo. The ensemble modelling with the five models (GLM, GAM, R

F, BRT and SVM) was implemented using the R package “sdm” (Naimi and Araújo, 2016). 

The cartographic outputs were computed using the software QGIS version 3.18.1 (Quantum GIS 

Development Team, 2021).  

 

RESULTS 

Variables and models selected 

The collinearity analysis revealed that only one variable (urban area) had a variance inflation factor 

above 10 (i.e. 56.54). This variable that was showing a high multi-collinearity furthermore did not 

significantly correlate with the presence of R. microplus.   

Seven out of the 13 predictors were significantly (p-value < 0.05) correlated with the presence of R. 

microplus through multivariate analysis preceding the VIF. These predictors are Rainfall, Temperature, 

NDVI, Cattle density, Cropland, Grassland and Shrubland. 

Characteristics of the predictors according to presence or absence of R. microplus in the study 

area 

The investigation to check if there was difference between the various predictors according to areas 

where the tick was found or not revealed that the rainfall was significantly (p<0.001) higher in areas 

where R. microplus was present (annual rainfall average: 1202.23 +/-252.24 mm) than areas where it 

was absent (annual rainfall average: 881.62+/- 231.71 mm). The tick was found in areas with higher 

rainfall than where it was absent (Fig. 2). Temperature was significantly (p<0.001) higher in areas where 

R. microplus was absent (annual temperature average: 27.99+/-0.99°C) than areas where it was present 

(annual temperature average: 26.44+-/0.77°C). Areas where the tick was found are cooler than places 

where it was absent (Fig. 2). On the other hand cattle density was significantly (p<0.001) higher in areas 

where R. microplus was absent (average head/Km2: 229.32+/-196.48) than area where it was present 



Experimental section – Study 4 

 

113 

 

(average head/Km2: 99.76 +/-118.02). The hosts were more concentrated in areas where the tick was 

absent (Fig. 2). The NDVI was significantly (p<0.001) higher in areas where R. microplus is present 

(monthly NDVI average: 5681.17*10-4+/-1024.29*10-4) than area where it is absent (monthly NDVI 

average: 3837.59*10-4). The NDVI was better in places the tick was found than where it was absent 

(Fig. 2). The cropland was significantly (p<0.001) more important in areas where R. microplus was 

absent (annual cropland classes unit average: 0.73 +/- 0.35) than area where it was present (annual 

cropland classes unit average: 0.52 +/- 0.41). The tick was found more frequently on cattle living in 

uncropped areas than cropped ones. Proportion of grassland was significantly higher (p<0.001) in areas 

where R. microplus was absent (annual grassland classes unit average: 0.05 +/- 0.18) than area where it 

was present (annual grassland classes unit average: 0.00 +/-0.01). The tick was found more frequently 

on cattle living in environment where there was less grassland (Fig. 2). 

And lastly shrublands were found more (p<0.001) in areas where R. microplus is present (annual 

shrubland classes unit average: 0.09 +/- 0.18) than areas where it was absent (annual shrubland classes 

unit average: 0.06 +/-0.01). The tick was found more frequently on cattle living in environment where 

there is shrubland (Fig. 2). 

 

Fig. 2. Predictor values dispersion according to the presence or absence of R. microplus in West Africa.  

Legend: NDVI, Normalized difference vegetation index. 

Variable importance 

The analysis of the contribution of the different predictors to the MaxEnt model highlighted that 

temperature and rainfall were the main variables. Temperature contributed to more than 39% and rainfall 

contributed more than 19% of the model accuracy. Shrubland (1.8%) and grassland (1.8%) contributed 

less to the model predictions (Fig. 3A). The relative variable importance based on Pearson correlation 
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metric in the ensemble model revealed that NDVI played an important role in the model. This variable 

was the most important in the five models that make up our ensemble model set. NDVI was the most 

important predictor in the ensemble model and the cropland and shrubland were the less important ones 

(Fig. 3B). In the GLM model, NDVI (88%) was the most important predictor while cattle density 

contributed the least to the model with 0.1% (Fig. 3C). In the GAM model, it was the rainfall that 

contributed the most with 39.3% and the cropland contribute the least with 2.4% (Fig. 3D). In the RF 

model, NDVI was the most important contributor among the predictors (20.3%) and grassland has the 

lowest contribution (0.4%) (Fig. 3E). The NDVI also was the largest contributor to the BRT model 

(62.6%) and grassland had the lowest contribution (0%) to the model (Fig. 3F). In the fifth model 

(SVM), the most important predictor was NDVI (18.5%) and the least important was Grassland (1.9%) 

(Fig. 3G). 

 

[A] MaxEnt model 

 

[B] Ensemble model 

 

[C] GLM model 
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[D] GAM model 

 

[E] RF model 

 

[F] BRT model 

 

[G] SVM model 

Fig. 3. Variables importance in models accuracy 

Legend: NDVI, Normalized difference vegetation index. 

 

Habitat suitability for R. microplus in West Africa 

The maps revealed a high suitability of the coastal areas of West Africa. On the other hand, the tick R. 

microplus seems very poorly adapted to the environment of the Sahelian region, a desert area (Fig. 4). 

However, the southern regions of some Sahelian countries, contiguous to the coastal areas, are also 

suitable for R. microplus. Some differences can be noted in these outputs according to the kind of model 

implemented. The MaxEnt model predicts differently the presence of the tick in the Sahelian region 

where it is not expected at all or the probability is very low to find it (Fig. 4A). On the opposite side, 

the other five models grouped in the ensemble model predict a significant presence of the tick in the 
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Sahelian region (Fig. 4B). Furthermore the suitability level of the coastal areas predicted by MaxEnt 

model is lower than the four other models grouped in the ensemble model.  

 

[A] MaxEnt model with only presence data 

 

[B] Ensemble modelling suitability map with presence and absence data 

Fig. 4. Habitat suitability maps of R. microplus in West Africa with seven predictors (rainfall, 

temperature, cattle density, normalized difference vegetation index, cropland, grassland and shrubland).  
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Model evaluation 

Three parameters were used to evaluate the models: the AUC and the Boyce index (BI) for the MaxEnt 

model and the AUC and the TSS for the ensemble model (Table 3).  

The Random forest model and the BRT model had the highest AUC (0.95) and the GLM had the lowest 

AUC (0.93). The GAM and the SVM models had the same AUC (0.94). The Random forest model had 

the highest TSS (0.80) and other models had the same TSS (0.79). 

The boxplot graphics (Fig. 5A) highlighted the variability in the AUC among the bootstrap and cross-

validation runs for each model. This figure revealed that the RF and BRT models AUC medians were 

above the other models ones for both bootstrap and cross-validation runs. 

The boxplot graphics (Fig. 5B) highlighted the variability in the TSS among the bootstrap and cross-

validation runs for each model. Fig. 5B revealed that for the RF and GLM models, TSS medians were 

above the other models ones respectively for bootstrap and cross-validation runs.  

Table 3: Evaluation parameters of the various models 

Models Average AUC Average TSS Average Boyce index 

GLM 0.93 0.79 NA 

GAM 0.94 0.79 NA 

RF 0.95 0.80 NA 

BRT 0.95 0.79 NA 

SVM 0.94 0.79 NA 

MaxEnt 0.87 NA 0.87 

Legend: NA: Not available; AUC: Area under the Curve; TSS: True skill statistic. 

 

[A] Variation in the AUC among the cross-validation and bootstrap runs between the different ensemble 

models 
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[B] Variation in the TSS among the cross-validation and bootstrap runs between the different ensemble 

models  

Fig. 5: Models evaluation 

Legend: BRT, Boosted regression tree; GAM, Generalized additive model; GLM, Generalized linear 

model; RF, Random forest; and SVM, Support vector machine model. 

 

DISCUSSION 

 

The aim of this study was to characterise the habitat suitability of the invasive tick R. microplus in West 

Africa. Results of the habitat suitability modelling exercise showed that the coastal areas host more 

suitable areas for the tick than the Sahelian zone located in the north. The coastal zone, which receives 

more rainfall and is cooler than the Sahel have also a higher vegetation index. Moreover, the host (cattle) 

density is higher in the Sahel than in the coastal zone. 

Model evaluation 

According to the classification of Swets (1988), the MaxEnt model is “Useful” and all the ensemble 

models are “Highly accurate”. The RF model has the highest AUC value and the MaxEnt model has the 

lowest AUC among the six selected models.  

For the ensemble models, TSS values indicate that the selected models were accurate. The RF model 

has the highest TSS among the ensemble models and all the four other has the same TSS.  
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The MaxEnt model was built with presence data only. These two accuracy parameters (AUC and TSS) 

are known to use sensitivity and specificity in their computation (Shabani et al., 2018).  

The MaxEnt model has a lower AUC value than other models built with presence and absence data, so 

it was less accurate than these models according to this parameter. 

However, on the other hand the MaxEnt model had a high BI that is an adapted parameter for presence-

only models evaluation. The Boyce index is used to measure how well a model is able to predict the 

presence of species. The MaxEnt model confirmed by its BI value to be a model that does not require 

absence data to model species distribution. 

The RF was the most accurate model among the ensemble models regarding its AUC and TSS means 

level and variance between both cross-validation and bootstrap runs.  

Cross-validation tends to be less biased but has a relatively large variance. On the other side, 

bootstrapping tends to reduce the variance considerably but gives more biased results. Combining the 

two methods, as is the case here in a model set, could lead to fairly accurate prediction results without 

too much bias and very little variance. 

Characterization of predictors and their importance in the models 

The process of selecting variables for the construction of the models allowed the selection of seven 

variables including the annual average rainfall, the annual average temperature, the annual average 

vegetation index and the density of the host (cattle) and three land cover variables (cropland, grassland 

and shrubland).  

Ticks are found in areas with significantly higher rainfall and moderate temperature. Water and 

temperature are important factors in tick biology. Especially in one-host ticks since the non-parasitic 

(and therefore environment-dependent) stage is the egg and larva stage. Ticks are very sensitive to 

desiccation while searching for a host, as they constantly lose water through the integument of their 

body surface in dry conditions through transpiration. They also lose water through their spiracles in 

connection with respiration during locomotor activity (Randolph and Storey, 1999; Herrmann and Gern, 

2015). The development and mortality of ticks are strongly influenced by these two factors (Estrada-

Peña et al., 2015). Our models show quite clearly that areas that are wetter and cooler are more suitable 

for ticks. Previous studies have shown in Benin and Eastern Burkina Faso that the R. microplus tick 

prefers areas of moderate temperature and high rainfall (De Clercq et al., 2015; Zannou et al., 2021). 

The results seem to show that high temperatures are a limiting factor for the presence of the tick in an 

environment of West Africa. However, it is important to note that other factors such as humidity 

(represented here by rainfall and the vegetation index) also contribute to the presence of the tick. So in 

an environment with good rainfall and adequate vegetation, temperature cannot really be the only 

limiting parameter. It is not uncommon to find in areas where the tick is present temperatures exceeding 
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28°C at certain times of the year. But generally in West Africa the regions that often experience high 

temperatures are the countries of the Sahel which are generally very dry (low rainfall) and therefore 

unsuitable for the tick. 

The NDVI of areas where the tick was found was higher than where it was not. The vegetation index, 

itself dependent on temperature and humidity (F. Hao et al., 2012), is an important variable in that it 

provides information on the presence, the vitality and the photosynthesis activity of vegetation. When it 

is known that ticks spend almost 80-90% of their life off host, vegetation appears to be very important 

in its life cycle (Leal et al., 2018). Engorged R. microplus female after dropping off the host need shelter 

under vegetation with convenient temperature and humidity to lay eggs (Latif and Walker, 2004). Eggs 

are sensitive to heat and risk desiccation when exposed to high temperature and dry area. Incubation and 

hatching of eggs are only possible under some particular climatic conditions (Pfäffle et al., 2013). Our 

results indicate that this variable is positively correlated with the presence of the tick and the models 

developed show that it took a large part in predicting the presence of the tick. De Clercq et al., (2015) 

in Benin and Zannou et al., (2020) in Benin and Burkina Faso have also evidenced the importance of 

the NDVI on a smaller scale. 

Host (cattle) density was higher in areas where the tick is absent than in areas where it was present. In 

West Africa, the cattle population is more concentrated in the Sahelian countries, which are less watered 

and warmer. As the tick is more inclined to areas with more water and less heat, a negative correlation 

between these two variables appears. Nevertheless, the frequent and periodic movements of herds 

between these two ecosystems enabled by transhumance should be considered. Indeed, at a certain time 

of the year (dry season), herds in search of pasture and water are forced to descend into areas that are 

still wet at that time and therefore heavily infested by ticks (Zannou et al., 2021). These regular 

movements and stays expose the animals to R. microplus and the main pathogen it transmits: i.e Babesia 

bovis and Babesia bigemina. These pathogens are responsible of extensive production losses (Waldron 

and Jorgensen, 1999; Jonsson, 2006). 

Croplands were significantly higher in areas where R. microplus was absent than in areas it was present. 

Cropland is known to be the site of much human activity. Before the crops are planted, the land is well 

ploughed to help destroy ticks nests. During the vegetative cycle of the different crops, farmers carry 

out several weeding operations or use herbicides. Pesticides are also regularly used to protect these 

plants in order to guarantee a good harvest at the end of the season. All these anthropic actions do not 

allow the establishment of the non-host phase of the ticks in such environments. It must also be said that 

R. microplus is a specific tick and should be found in the areas most frequented by its bovine host. Cattle 

are kept away from the farmlands to avoid the destruction of crops by them. They are only tolerated in 

cropping areas in the dry season to take advantage of crop residues and fertilise the fields. 
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Rainfall was by far the most important predictor in MaxEnt model followed respectively by NDVI, 

cropland, temperature, cattle density and shrub. The grassland did not really play a role in the MaxEnt 

model prediction. The ensemble model revealed that NDVI was by far the most important predictor 

followed respectively by rainfall, temperature, cattle density, cropland, shrubland and grassland.  

While most existing studies (De Clercq et al., 2015; Sungirai et al., 2018) on the projection of the tick 

distribution only take into account climatic variables, our results showed the importance of other 

predictors such as cropland, host density in the modelling. The type of vegetation does not seem to be 

very important in predicting the presence of R. microplus. However, it should be noted that shrub 

vegetation seems to have a better predictive value than grassland. Shrubland provides a better canopy 

for the ticks and protect them from desiccation during the off-host phase. Grass is only really useful 

during the quest phase of the host. However, it is important to put the importance of these two variables 

into perspective because the collections were made on the animals and not on the ground by flagging. 

Similar results on the vegetation preference were observed in the study of Omodior et al., (2021) in 

United States of America.  

Habitat suitability for R. microplus in West Africa 

This work qualitatively provides a broader view compared to the previous study by De Clercq et al 

(2015) and according to the models ouputs the coastal areas seem globally more adapted to the tick. 

This previous R. microplus distribution modelling used occurrences data from 2011. Recent work 

(Ouedraogo et al., 2021) had revealed the presence of the tick in areas where it was previously absent 

(2015). Therefore, the present work has taken into account presence data from several countries, 

compared to the work form De Clercq et al., (2015), which only sampled and modelled data from Benin. 

When looking at habitat suitability maps generated by the present study in Benin in comparison to the 

work from De Clercq et al., (2015), it can be clearly noticed that our models predicted suitable habitats 

for the species also in the northern part of Benin, while De Clercq et al., (2015) predictions emphasises 

mostly the southern one. This may be due to the larger dataset of observations used, as well as different 

predictors and the tuning of the MaxEnt model. The MaxEnt model as well as the ensemble model 

predicts a higher risk of tick presence in northern Benin than the De Clercq study (2015). This work 

provides a larger view of the situation of R. microplus in West Africa. It also uses different methods, 

the ensemble models which are based on the consensus of several models to predict the habitat suitability 

for R. microplus. The interest of the ensemble modelling is that it relies on the principle of the "wisdom 

of the crowd" to make a better prediction than those models used individually (T. Hao et al., 2019). 

The ensemble model seems to predict a stronger fit of the Sahelian zone to the tick than the MaxEnt 

model. When we consider the contribution of the variables to the prediction of the models we notice that 

the trend is not the same. For the MaxEnt model it is the temperature variable that holds the greatest 

importance while for the ensemble model it is the NDVI. This may have contributed to this difference 
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in prediction, as we know that the Sahel countries are significantly warmer than the coastal countries, 

but there is still vegetation in some parts of the Sahel around the oases. It should also be remembered 

that the ensemble model is a consensus model among several models, so its predictions must be given 

special attention. Precautions must be taken in certain Sahelian countries that are at risk due to the 

extensive livestock farming methods used. These farming methods could favour the importation of the 

tick, which could adapt and continue its invasion.  

According to the updated Koppen-Geiger climatic map provided by Beck et al. (2018), the coastal areas 

of West Africa show climatic similarities with southern Asia and South America respectively native 

area and previously invaded area of the tick R. microplus. This climatic similarities could be part of the 

factors that enabled the rapid adaptation and spread of the tick in the environment of some West African 

countries. 

All six models clearly show that countries in the southern part of West Africa (coastal countries) are 

more suitable for R. microplus than those in the Sahel. As expected, temperature, humidity and 

vegetation influenced most the biology of the tick. Indeed the Sahelian countries are drier and hotter 

than the coastal countries. Moreover, the vegetation is less developed there. In spite of the higher density 

of cattle in the Sahel, the off-host life will be difficult for R. microplus larvae because of the 

unfavourable climatic conditions. However, as the habitat suitability maps show, the risk of having the 

tick in some parts of the Sahel is not null. In some Sahelian countries there are areas such as permanent 

water points that could provide conditions for the tick to establish itself, especially when the species is 

known to be highly invasive and adaptive. Recent unpublished work has revealed its establishment in 

the central plateau of Burkina Faso, a fairly hot area compared to the usual places where it is found 

(Abel Biguezoton, personal communication). In recent years, Burkina Faso has developed water 

reservoirs, which have the dual function of being used for the cultivation of vegetables and for watering 

cattle herds. These environments can present risks of introduction and dissemination of ticks from herds 

returning from transhumance in coastal countries. The valleys of perennial rivers also represent biotopes 

that can favour the establishment of the invasive tick as they are very frequented during the dry season 

by herds in search of water and pasture. 

Although native to Asia, R. microplus has invaded Sub-Saharan Africa and is probably replacing 

progressively the indigenous  R. decoloratus and R. annulatus (M. Madder et al., 2011; Adakal et al., 

2013; Gomes and Neves, 2018). This rapid expansion was also favoured by the extensive livestock 

farming practised by more than 70% of cattle farmers in sub-Saharan Africa (Boka et al., 2017). 

This study provides a broader view of habitat suitability for R. microplus. It allows decision makers in 

West African countries to have a better idea of the level of suitability of their area for the invasive tick.  

It is therefore a tool to identify areas where emphasis should be placed on raising awareness among 

livestock stakeholders. In areas favourable to the tick and not yet infested, measures must be taken to 
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prevent or detect quickly its introduction (e.g. awareness campaign, avoiding purchase of cattle 

originating from infested areas, avoiding herds movement to already infested areas, capacity building 

for detection of R. microplus, tick surveillance). In areas where the tick is already established, it will be 

necessary to raise awareness of the measures to be implemented to limit its spread and, ultimately, its 

control (e.g. campaign of information, adequate protocol of acaricide treatment, follow up of acaricide 

resistance). This study is a tool to help in the development of sub-regional and local control plans for R. 

microplus tick and consequently the pathogens it transmits. The direct consequence is the improvement 

of food security since cattle herds will high level of tick infestation and associated pathogens had 

important negative impact on their development. A good knowledge of the level of the risk for tick 

establishment in an area allows for careful management of financial resources dedicated to vector and 

pathogen control. 

 

CONCLUSION  

All the coastal countries of West Africa are suitable areas for R. microplus. The southern region of some 

Sahelian countries (Mali and Burkina Faso) also seems favourable, but to a lesser extent. This new study 

revealed that the risk of R. microplus is higher in some areas than previously predicted (case of Benin). 

It also gave a broader view of the risk over the whole West African sub-region compared to previous 

studies. It would be advisable for the authorities of countries that have not yet detected the tick but are 

in the risk area to take mitigation measures to prevent its introduction. The modelling the distribution of 

the invasive tick with several strategies (single models and ensemble models) also allowed us to assess 

their behaviour with the available data. Several quality parameters were used (AUC, TSS and BI) and 

allowed us to better appreciate the accuracy of each model according to its specificities. For instance, 

the MaxEnt model behaves better with presence data only, whereas the RF and GLM models need 

absence data to give accurate results. 

 

ACKNOWLEDGEMENTS  

This study was funded by the Academy of Research and Higher Education (ARES) through the Research 

for Development Project (PRD) entitled “Support to the epidemiological surveillance network of animal 

diseases and related sociological aspects in West Africa (Acronym: TransTicks)”, which involve 

Burkina Faso and Benin. Olivier Mahuton Zannou is currently doing a PhD at the University of Liège. 

His research focuses on epidemiological aspects of ticks and tick-borne diseases on transhumant cattle 

between Burkina Faso and Benin. Daniele Da Re is supported by F.R.S – F.N.R.S. 

 

CONFLICT OF INTEREST STATEMENT 



Experimental section – Study 4 

 

124 

 

The authors declare no conflict of interest. 

DATA AVAILABILITY STATEMENT 

The data that support the findings of this study are available from the corresponding author upon 

reasonable request. 

ETHICS STATEMENT 

The activities of the research project "Support to epidemio-surveillance networks for animal diseases 

and associated sociological aspects in West Africa (Acronym: TransTicks)" was approved by the Ethics 

Committee of the International Centre for Research and Development on Livestock in Sub-humid Zones 

(CIRDES) (Ref. 001-02/2017/CE-CIRDES) under the strict respect of the protocol submitted to the 

members of the Committee and their unannounced control. 

AUTHOR CONTRIBUTIONS 

Conceptualization, O.M.Z., A.B., K.P.Y., L.L. and C.S.; methodology, O.M.Z., D.D.R., S.O.V. and 

C.S.; software, O.M.Z., D.D.R., S.O.V. and C.S.; validation, O.M.Z., D.D.R., S.O.V. and C.S; formal 

analysis, O.M.Z.; investigation, O.M.Z., A.S.O.; resources, A.B. and C.S.; data curation, O.M.Z., 

D.D.R. and C.S.; writing—original draft preparation, O.M.Z.; writing—review and editing, all; 

visualization, O.M.Z., D.D.R. S.O.V. and C.S.; supervision, A.B., S.F., D.D.R., S.O.V. and C.S.; project 

administration, C.S. All authors have read and agreed to the published version of the manuscript. 

 

REFERENCES 

Adakal, H., A. Biguezoton, S. Zoungrana, F. Courtin, E.M. De Clercq, and M. Madder, 2013: Alarming 

spread of the Asian cattle tick Rhipicephalus microplus in West Africa—another three countries are 

affected: Burkina Faso, Mali and Togo. Exp. Appl. Acarol. 61, 383–386, DOI: 10.1007/s10493-013-

9706-6. 

Adedayo, A.F., and F.B. Olukunle, 2018: First Evidence of an Established Rhipicephalus (Boophilus) 

microplus Population In Nigeria. Alex. J. Vet. Sci. 56, 182–186. 

Akinwande, M.O., H.G. Dikko, and A. Samson, 2015: Variance Inflation Factor: As a Condition for the 

Inclusion of Suppressor Variable(s) in Regression Analysis. Open J. Stat. 05, 754–767, DOI: 

10.4236/ojs.2015.57075. 

Allouche, O., A. Tsoar, and R. Kadmon, 2006: Assessing the accuracy of species distribution models: 

prevalence, kappa and the true skill statistic (TSS): Assessing the accuracy of distribution models. J. 

Appl. Ecol. 43, 1223–1232, DOI: 10.1111/j.1365-2664.2006.01214.x. 

Apanaskevich, D., and J. Oliver, 2014: Life cycles and natural history of ticks, pp. 59–73. . 



Experimental section – Study 4 

 

125 

 

Beck, H.E., N.E. Zimmermann, T.R. McVicar, N. Vergopolan, A. Berg, and E.F. Wood, 2018: Present 

and future Köppen-Geiger climate classification maps at 1-km resolution. Sci. Data 5, 180214, DOI: 

10.1038/sdata.2018.214. 

Bellgard, M.I., P.M. Moolhuijzen, F.D. Guerrero, D. Schibeci, M. Rodriguez-Valle, D.G. Peterson, S.E. 

Dowd, R. Barrero, A. Hunter, R.J. Miller, and A.E. Lew-Tabor, 2012: CattleTickBase: An integrated 

Internet-based bioinformatics resource for Rhipicephalus (Boophilus) microplus. Int. J. Parasitol. 42, 

161–169, DOI: 10.1016/j.ijpara.2011.11.006. 

Biguezoton, A., S. Adehan, H. Adakal, S. Zoungrana, S. Farougou, and C. Chevillon, 2016: Community 

structure, seasonal variations and interactions between native and invasive cattle tick species in Benin 

and Burkina Faso. Parasit. Vectors 9, 43, DOI: 10.1186/s13071-016-1305-z. 

Boka, O.M., L. Achi, H. Adakal, A. Azokou, P. Yao, Y.G. Yapi, M. Kone, K. Dagnogo, and Y.Y. 

Kaboret, 2017: Review of cattle ticks (Acari, Ixodida) in Ivory Coast and geographic distribution of 

Rhipicephalus (Boophilus) microplus, an emerging tick in West Africa. Exp. Appl. Acarol. 71, 355–

369, DOI: 10.1007/s10493-017-0129-7. 

Boyce, M.S., P.R. Vernier, S.E. Nielsen, and F.K.A. Schmiegelow, 2002: Evaluating resource selection 

functions. Ecol. Model. 157, 281–300, DOI: 10.1016/S0304-3800(02)00200-4. 

Burger, T.D., R. Shao, and S.C. Barker, 2014: Phylogenetic analysis of mitochondrial genome 

sequences indicates that the cattle tick, Rhipicephalus (Boophilus) microplus, contains a cryptic species. 

Mol. Phylogenet. Evol. 76, 241–253, DOI: 10.1016/j.ympev.2014.03.017. 

De Clercq, E.M., S. Leta, A. Estrada-Peña, M. Madder, S. Adehan, and S.O. Vanwambeke, 2015: 

Species distribution modelling for Rhipicephalus microplus (Acari: Ixodidae) in Benin, West Africa: 

Comparing datasets and modelling algorithms. Prev. Vet. Med. 118, 8–21, DOI: 

10.1016/j.prevetmed.2014.10.015. 

de Clercq, E.M., S.O. Vanwambeke, M. Sungirai, S. Adehan, R. Lokossou, and M. Madder, 2012: 

Geographic distribution of the invasive cattle tick Rhipicephalus microplus, a country-wide survey in 

Benin. Exp. Appl. Acarol. 58, 441–452, DOI: 10.1007/s10493-012-9587-0. 

Di Cola, V., O. Broennimann, B. Petitpierre, F.T. Breiner, M. D’Amen, C. Randin, R. Engler, J. Pottier, 

D. Pio, A. Dubuis, L. Pellissier, R.G. Mateo, W. Hordijk, N. Salamin, and A. Guisan, 2017: ecospat: an 

R package to support spatial analyses and modeling of species niches and distributions. Ecography 40, 

774–787, DOI: 10.1111/ecog.02671. 

Drake, J.M., C. Randin, and A. Guisan, 2006: Modelling ecological niches with support vector 

machines. J. Appl. Ecol. 43, 424–432, DOI: https://doi.org/10.1111/j.1365-2664.2006.01141.x. 

Duvallet, G., D. Fontenille, and V. Robert, 2017: Entomologie médicale et vétérinaire. 



Experimental section – Study 4 

 

126 

 

Eisen, L., and R.J. Eisen, 2011: Using Geographic Information Systems and Decision Support Systems 

for the Prediction, Prevention, and Control of Vector-Borne Diseases. Annu. Rev. Entomol. 56, 41–61, 

DOI: 10.1146/annurev-ento-120709-144847. 

Elith, J., J.R. Leathwick, and T. Hastie, 2008: A working guide to boosted regression trees. J. Anim. 

Ecol. 77, 802–813, DOI: 10.1111/j.1365-2656.2008.01390.x. 

Elith, Jane, S.J. Phillips, T. Hastie, M. Dudík, Y.E. Chee, and C.J. Yates, 2011: A statistical explanation 

of MaxEnt for ecologists: Statistical explanation of MaxEnt. Divers. Distrib. 17, 43–57, DOI: 

10.1111/j.1472-4642.2010.00725.x. 

Estrada-Peña, A., J. De La Fuente, T. Latapia, and C. Ortega, 2015: The impact of climate trends on a 

tick affecting public health: A retrospective modeling approach for Hyalomma marginatum (ixodidae). 

PLoS ONE 10, DOI: 10.1371/journal.pone.0125760. 

Estrada-Peña, A., C. Sánchez Acedo, J. Quílez, and E. Del Cacho, 2005: A retrospective study of 

climatic suitability for the tick Rhipicephalus (Boophilus) microplus in the Americas. Glob. Ecol. 

Biogeogr. 14, 565–573, DOI: 10.1111/j.1466-822X.2005.00185.x. 

Estrada-Peña, Agustín, J.M. Venzal, S. Nava, A. Mangold, A.A. Guglielmone, M.B. Labruna, and J. De 

La Fuente, 2012: Reinstatement of Rhipicephalus (Boophilus) australis (Acari: Ixodidae) with 

redescription of the adult and larval stages. J. Med. Entomol. 49, 794–802. 

Frans, J., 2000: Final Report, Integrated Control of Ticks and Tick-Born Diseases (ICTTD). . 

Frisch, J., 1999: Towards a permanent solution for controlling cattle ticks. Int. J. Parasitol. 29, 57–71. 

Gilbert, M., G. Nicolas, G. Cinardi, T.P. Van Boeckel, S.O. Vanwambeke, G.R.W. Wint, and T.P. 

Robinson, 2018: Global distribution data for cattle, buffaloes, horses, sheep, goats, pigs, chickens and 

ducks in 2010. Sci. Data 5, 180227, DOI: 10.1038/sdata.2018.227. 

Gomes, A.F., and L. Neves, 2018: Rhipicephalus microplus (Acarina, Ixodidae) in Angola: evidence of 

its establishment and expansion. Exp. Appl. Acarol. 74, 117–122, DOI: 10.1007/s10493-017-0207-x. 

Guisan, A., T.C. Edwards, and T. Hastie, 2002: Generalized linear and generalized additive models in 

studies of species distributions: setting the scene. Ecol. Model. 157, 89–100, DOI: 10.1016/S0304-

3800(02)00204-1. 

Guisan, A., W. Thuiller, and N.E. Zimmermann, 2017: Habitat Suitability and Distribution Models: 

With Applications in R. Cambridge: Cambridge University Press. 

Hao, F., X. Zhang, W. Ouyang, A.K. Skidmore, and A.G. Toxopeus, 2012: Vegetation NDVI Linked to 

Temperature and Precipitation in the Upper Catchments of Yellow River. Environ. Model. Assess. 17, 

389–398, DOI: 10.1007/s10666-011-9297-8. 



Experimental section – Study 4 

 

127 

 

Hao, T., J. Elith, G. Guillera-Arroita, and J.J. Lahoz-Monfort, 2019: A review of evidence about use 

and performance of species distribution modelling ensembles like BIOMOD. Divers. Distrib. 25, 839–

852, DOI: 10.1111/ddi.12892. 

Hastie, T.J., and R.J. Tibshirani, 1990: Generalized Additive Models. CRC Press. 

Herrmann, C., and L. Gern, 2015: Search for blood or water is influenced by Borrelia burgdorferi in 

Ixodes ricinus. Parasit. Vectors 8, 6, DOI: 10.1186/s13071-014-0526-2. 

Hijmans, R.J., 2012: Cross-validation of species distribution models: removing spatial sorting bias and 

calibration with a null model. Ecology 93, 679–688, DOI: 10.1890/11-0826.1. 

Hijmans, R.J., and J. Elith, 2013: Species distribution modeling with R. R Package Version 08-11. 

Hirzel, A.H., G. Le Lay, V. Helfer, C. Randin, and A. Guisan, 2006: Evaluating the ability of habitat 

suitability models to predict species presences. Ecol. Model. 199, 142–152, DOI: 

10.1016/j.ecolmodel.2006.05.017. 

Jongejan, F., and G. Uilenberg, 2005: The global importance of ticks. Parasitology 129, S3, DOI: 

10.1017/S0031182004005967. 

Jonsson, N.N., 2006: The productivity effects of cattle tick (Boophilus microplus) infestation on cattle, 

with particular reference to Bos indicus cattle and their crosses. Vet. Parasitol. 137, 1–10, DOI: 

10.1016/j.vetpar.2006.01.010. 

Kamani, J., D.A. Apanaskevich, R. Gutiérrez, Y. Nachum-Biala, G. Baneth, and S. Harrus, 2017: 

Morphological and molecular identification of Rhipicephalus (Boophilus) microplus in Nigeria, West 

Africa: a threat to livestock health. Exp. Appl. Acarol. 73, 283–296, DOI: 10.1007/s10493-017-0177-z. 

Kivaria, F.M., 2006: Estimated direct economic costs associated with tick-borne diseases on cattle in 

Tanzania. Trop. Anim. Health Prod. 38, 291–299, DOI: 10.1007/s11250-006-4181-2. 

Kouassi, A., P. Assamoi, S. Bigot, A. Diawara, G. Schayes, F. Yoroba, and B. Kouassi, 2010: Etude du 

climat ouest-africain à l’aide du modèle atmosphérique régional MAR. DOI: 10.13140/2.1.3036.2247. 

Labruna, M.B., V. Naranjo, A.J. Mangold, C. Thompson, A. Estrada-Peña, A.A. Guglielmone, F. 

Jongejan, and J. de la Fuente, 2009: Allopatric speciation in ticks: genetic and reproductive divergence 

between geographic strains of Rhipicephalus (Boophilus) microplus. BMC Evol. Biol. 9, 46, DOI: 

10.1186/1471-2148-9-46. 

Latif, A., and A. Walker, 2004: An introduction to the biology and control of ticks in Africa. ICTTD-2 

Proj.1–29. 



Experimental section – Study 4 

 

128 

 

Leal, B., D.B. Thomas, and R.K. Dearth, 2018: Population Dynamics of Off-Host Rhipicephalus 

(Boophilus) microplus (Acari: Ixodidae) Larvae in Response to Habitat and Seasonality in South Texas. 

Vet. Sci. 5, 33, DOI: 10.3390/vetsci5020033. 

Low, V.L., S.T. Tay, K.L. Kho, F.X. Koh, T.K. Tan, Y.A.L. Lim, B.L. Ong, C. Panchadcharam, Y. 

Norma-Rashid, and M. Sofian-Azirun, 2015: Molecular characterisation of the tick Rhipicephalus 

microplus in Malaysia: new insights into the cryptic diversity and distinct genetic assemblages 

throughout the world. Parasit. Vectors 8, 341, DOI: 10.1186/s13071-015-0956-5. 

Madder, M., E. Thys, L. Achi, A. Touré, and R. De Deken, 2011: Rhipicephalus (Boophilus) microplus: 

A most successful invasive tick species in West-Africa. Exp. Appl. Acarol. 53, 139–145, DOI: 

10.1007/s10493-010-9390-8. 

Madder, Maxime, S. Adehan, R. De Deken, R. Adehan, and R. Lokossou, 2012: New foci of 

Rhipicephalus microplus in West Africa. Exp. Appl. Acarol. 56, 385–390, DOI: 10.1007/s10493-012-

9522-4. 

Madder, Maxime, E. Thys, D. Geysen, C. Baudoux, and I. Horak, 2007: Boophilus microplus ticks 

found in West Africa. Exp. Appl. Acarol. 43, 233–234, DOI: 10.1007/s10493-007-9110-1. 

Musa, H., S. Jajere, N. Adamu, N. Atsanda, J. Lawal, S. Adamu, and E. Lawal, 2014: Prevalence of tick 

infestation in different breeds of cattle in Maiduguri, northeastern Nigeria. Bangladesh J. Vet. Med. 12, 

161–166. 

Muscarella, R., P.J. Galante, M. Soley-Guardia, R.A. Boria, J.M. Kass, M. Uriarte, and R.P. Anderson, 

2014: ENMeval: An R package for conducting spatially independent evaluations and estimating optimal 

model complexity for Maxent ecological niche models. Methods Ecol. Evol. 5, 1198–1205, DOI: 

10.1111/2041-210X.12261. 

Naimi, B., and M.B. Araújo, 2016: sdm: a reproducible and extensible R platform for species 

distribution modelling. Ecography 39, 368–375, DOI: https://doi.org/10.1111/ecog.01881. 

Nicolas, G., T.P. Robinson, G.R.W. Wint, G. Conchedda, G. Cinardi, and M. Gilbert, 2016: Using 

Random Forest to Improve the Downscaling of Global Livestock Census Data. PLOS ONE 11, 

e0150424, DOI: 10.1371/journal.pone.0150424. 

Omodior, O., P. Eze, and K.R. Anderson, 2021: Using i-tree canopy vegetation cover subtype 

classification to predict peri-domestic tick presence. Ticks Tick-Borne Dis. 12, 101684, DOI: 

10.1016/j.ttbdis.2021.101684. 

Opara, M.N., and N.O. Ezeh, 2011: Ixodid ticks of cattle in Borno and Yours truly, Obe states of 

Northeastern Nigeria: breed and coat colour preference. Anim. Res. Int. 8, 1359–1365. 



Experimental section – Study 4 

 

129 

 

Ouedraogo, A.S., O.M. Zannou, A.S. Biguezoton, P.Y. Kouassi, A. Belem, S. Farougou, M. Oosthuizen, 

C. Saegerman, and L. Lempereur, 2021: Cattle ticks and associated tick-borne pathogens in Burkina 

Faso and Benin: Apparent northern spread of Rhipicephalus microplus in Benin and first evidence of 

Theileria velifera and Theileria annulata. Ticks Tick-Borne Dis. 12, 101733, DOI: 

10.1016/j.ttbdis.2021.101733. 

Pearman, P.B., A. Guisan, O. Broennimann, and C.F. Randin, 2008: Niche dynamics in space and time. 

Trends Ecol. Evol. 23, 149–158. 

Peters, J., B. De Baets, J. Van doninck, C. Calvete, J. Lucientes, E.M. De Clercq, E. Ducheyne, and 

N.E.C. Verhoest, 2011: Absence reduction in entomological surveillance data to improve niche-based 

distribution models for Culicoides imicola. Prev. Vet. Med. 100, 15–28, DOI: 

10.1016/j.prevetmed.2011.03.004. 

Pfäffle, M., N. Littwin, S.V. Muders, and T.N. Petney, 2013: The ecology of tick-borne diseases. Int. J. 

Parasitol. 43, 1059–1077, DOI: 10.1016/j.ijpara.2013.06.009. 

Phillips, S.J., R.P. Anderson, M. Dudík, R.E. Schapire, and M.E. Blair, 2017: Opening the black box: 

an open-source release of Maxent. Ecography 40, 887–893, DOI: 10.1111/ecog.03049. 

Phillips, S.J., R.P. Anderson, and R.E. Schapire, 2006: Maximum entropy modeling of species 

geographic distributions. Ecol. Model. 190, 231–259, DOI: 10.1016/j.ecolmodel.2005.03.026. 

Quantum GIS Development Team, 2021: Quantum GIS Geographic Information System. Open Source 

Geospatial Foundation Project. 

Randolph, S.E., and K. Storey, 1999: Impact of Microclimate on Immature Tick-Rodent Host 

Interactions (Acari: Ixodidae): Implications for Parasite Transmission. J. Med. Entomol. 36, 741–748, 

DOI: 10.1093/jmedent/36.6.741. 

Robinson, S.J., D.F. Neitzel, R.A. Moen, M.E. Craft, K.E. Hamilton, L.B. Johnson, D.J. Mulla, U.G. 

Munderloh, P.T. Redig, K.E. Smith, C.L. Turner, J.K. Umber, and K.M. Pelican, 2015: Disease Risk in 

a Dynamic Environment: The Spread of Tick-Borne Pathogens in Minnesota, USA. EcoHealth 12, 152–

163, DOI: 10.1007/s10393-014-0979-y. 

Romero, D., B. Sosa, A. Brazeiro, M. Achkar, and J.C. Guerrero, 2021: Factors involved in the 

biogeography of the honey locust tree (Gleditsia triacanthos) invasion at regional scale: an integrative 

approach. Plant Ecol.DOI: 10.1007/s11258-021-01139-z. 

Roy, B.C., A. Estrada-Peña, J. Krücken, A. Rehman, and A.M. Nijhof, 2018: Morphological and 

phylogenetic analyses of Rhipicephalus microplus ticks from Bangladesh, Pakistan and Myanmar. Ticks 

Tick-Borne Dis. 9, 1069–1079, DOI: 10.1016/j.ttbdis.2018.03.035. 



Experimental section – Study 4 

 

130 

 

Shabani, F., L. Kumar, and M. Ahmadi, 2018: Assessing accuracy methods of species distribution 

models: AUC, specificity, sensitivity and the true skill statistic. GJHSS Geogr. Geo-Sci. Environ. Sci. 

Disasters Manag. 18, 6–18. 

Silatsa, B.A., J.-R. Kuiate, F. Njiokou, G. Simo, J.-M.K. Feussom, A. Tunrayo, G.S. Amzati, B. Bett, 

R. Bishop, N. Githaka, S.O. Opiyo, A. Djikeng, and R. Pelle, 2019: A countrywide molecular survey 

leads to a seminal identification of the invasive cattle tick Rhipicephalus (Boophilus) microplus in 

Cameroon, a decade after it was reported in Cote d’Ivoire. Ticks Tick-Borne Dis. 10, 585–593, DOI: 

10.1016/j.ttbdis.2019.02.002. 

Sonenshine, D.E., and R.M. Roe, 2013: Biology of Ticks Volume 2Second Edition. Vol. 2. United States 

of America: Oxford University Press. 

Sungirai, M., D.Z. Moyo, P. De Clercq, M. Madder, S.O. Vanwambeke, and E.M. De Clercq, 2018: 

Modelling the distribution of Rhipicephalus microplus and R. decoloratus in Zimbabwe. Vet. Parasitol. 

Reg. Stud. Rep. 14, 41–49, DOI: 10.1016/j.vprsr.2018.08.006. 

Swets, J., 1988: Measuring the accuracy of diagnostic systems. Science 240, 1285–1293, DOI: 

10.1126/science.3287615. 

Taylor, N., 2003: Review of the use of models in informing disease control policy development and 

adjustment. DEFRA UK 26. 

Thuiller, W., M.B. Araújo, and S. Lavorel, 2003: Generalized models vs. classification tree analysis: 

predicting spatial distributions of plant species at different scales. J. Veg. Sci. 14, 669–680. 

Toure, A., C.A. Diaha, I. Sylla, and K. Kouakou, 2014: Récente recomposition des populations de tiques 

prévalent en Côte d’Ivoire. Int. J. Biol. Chem. Sci. 8, 566–578, DOI: 

http://dx.doi.org/10.4314/ijbcs.v8i2.15. 

Waldron, S., and W. Jorgensen, 1999: Transmission of Babesia spp by the cattle tick (Boophilus 

microplus) to cattle treated with injectable or pour-on formulations of ivermectin and moxidectin. Aust. 

Vet. J. 77, 657–659, DOI: https://doi.org/10.1111/j.1751-0813.1999.tb13157.x. 

Walker, A., A. Bouattour, and J.-L. Camicas, 2003: Ticks of Domestic Animals in Africa: A Guide to 

Identification of Species. Edinburgh: Bioscience Reports. 

Warren, D.L., R.E. Glor, and M. Turelli, 2010: ENMTools: a toolbox for comparative studies of 

environmental niche models. EcographyDOI: 10.1111/j.1600-0587.2009.06142.x. 

Zannou, O.M., A.S. Ouedraogo, A.S. Biguezoton, L. Lempereur, K. Patrick Yao, E. Abatih, S. 

Zoungrana, M. Lenaert, P. Toe, S. Farougou, and C. Saegerman, 2021: First digital characterization of 

the transhumance corridors through Benin used by cattle herds from Burkina Faso and associated risk 



Experimental section – Study 4 

 

131 

 

scoring regarding the invasion of Rhipicephalus ( Boophilus ) microplus. Transbound. Emerg. Dis. 68, 

2079–2093, DOI: 10.1111/tbed.13855. 

Zeng, Y., B.W. Low, and D.C.J. Yeo, 2016: Novel methods to select environmental variables in 

MaxEnt: A case study using invasive crayfish. Ecol. Model. 341, 5–13, DOI: 

10.1016/j.ecolmodel.2016.09.019. 

 

Appendix S1. New and improved Köppen-Geiger classifications present-day map (1980-2016) (Source: 
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Preamble of study 5 

Ticks and tick-borne diseases remain a real constraint on livestock in West African countries. They are 

the most important ectoparasites of livestock in the tropics and subtropics and are responsible for severe 

economic losses both through the direct effects of blood-sucking and indirectly as vectors of pathogens. 

The objective of this study is to assess the clinical and economic impact of ticks and tick-borne diseases 

in cattle herds and the benefits of controlling these parasites. Based on data from an acarological and 

epidemiological survey conducted in 2017 in eastern Burkina Faso and northern Benin and data 

collected in various articles, we developed a deterministic model. This model allowed us to assess the 

clinical and economic impact of ticks and tick-borne diseases on herds.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Experimental section – Study 5 

 
 

134 

 

Economic impact of tick infestation and tick-borne diseases in transhumant cattle herds from two 

West African countries (Benin and Burkina Faso)  

 

Short running title: Economic impact of ticks’ infestation in cattle 

 

Olivier M. Zannou1,2, Achille S. Ouedraogo2,3, Abel S. Biguezoton2, Laetitia Lempereur3, Kouassi 

Patrick Yao4, Marc Lenaerts5, Souaïbou Farougou6, Claude Saegerman1 

 

1Research Unit in Epidemiology and Risk Analysis applied to veterinary sciences (UREAR-ULiège), 

Fundamental and Applied Research for Animal and Health (FARAH) Center, Department of Infectious 

and Parasitic Diseases, Faculty of Veterinary Medicine, University of Liège, Liege, Belgium 

2Vector-borne Diseases and Biodiversity Unit (UMaVeB), International Research and Development 

Centre on Livestock in Sub-humid Areas (CIRDES), Bobo Dioulasso, Burkina Faso 

3Laboratory of Parasitology and Parasitic Diseases, Fundamental and Applied Research for Animal and 

Health (FARAH) Center, Faculty of Veterinary Medicine, University of Liège, Liège, Belgium 

4Laboratory Biology and Health, UFR Biosciences, University Félix Houphouët-Boigny, Abidjan, Côte 

d’Ivoire  

5Libre university of Brussels (ULB), Faculty of Social and Politics Sciences, Laboratory of 

Anthropology of the contemporary worlds, Brussels, Belgium 

6Communicable Disease Research Unit (URMaT), Polytechnic School of Abomey-Calavi, University 

of Abomey-Calavi, Republic of Benin 

 

Corresponding author: claude.saegerman@uliege.be 

 

  

mailto:claude.saegerman@uliege.be


Experimental section – Study 5 

 
 

135 

 

ABSTRACT 

 

Background: Ticks and tick-borne diseases (TTBD) remain a real constraint in livestock in West 

African countries. They are the most important ectoparasites of livestock in tropical and sub-tropical 

areas. TTBD are responsible for severe economic losses both through the direct effects of blood sucking 

and indirectly as vectors of pathogens. Although TTBD economic impacts are known in West Africa, 

few data and articles focusing on this region are available. The objective of this study is to assess the 

economic impact of TTBD in transhumant cattle herds and the benefits of preventing or controlling 

these parasites. Methods and principal findings: Using data from an acarological and epidemiological 

survey conducted in 2017 on 90 transhumant cattle herds from eastern Burkina Faso, northern Benin 

and data collected from published articles, we developed a deterministic mathematical model. This 

model allowed us to evaluate the clinical and economic impacts of TTBD at herd level (mean-standard 

herd size in the study area of 56 heads). Six scenarios were developed depending on whether the animals 

were treated with only acaricides or with drugs targeting tick-borne diseases. An annual gain of 871 

euro at herd level was estimated with the acaricide treatment scenarios when compared to the losses if 

no treatment is applied. When preventive treatment of tick-borne pathogens was combined with 

acaricide treatment, an annual gain of 254 euro at herd level was estimated when compared to the losses 

if no treatment is applied. Conclusions and significance: The results of this deterministic cost-benefit 

analysis claim for preventive and control strategies adapted to the specificity of each area. The 

development and implementation of such strategies must be consensual and participatory for their 

success. Prior awareness of cattle holders is needed. 

Keywords: Cost-benefit analysis; Acaricide; Body weight loss; Milk loss; Ticks and tick-borne 

diseases; West Africa 
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1. INTRODUCTION 

Ticks and tick-borne diseases (TTBD) remain a real constraint in livestock in West African countries. 

Ticks are the most important ectoparasites of livestock in tropical and sub-tropical areas and are 

responsible for severe economic losses both through the direct effects of blood sucking and indirectly 

through the transmission of pathogens. The impact of ticks on cattle milk production includes a decrease 

in both quantity and quality. TTBD cause a drop of milk production, a decrease of  nutritional status, 

and a poor management pattern (Duguma et al., 2012). Tick bites stress hosts and depress their 

immunity, affecting their zootechnical performance. In a study in Zambia, the productivity of tick-free 

cattle herds was almost 25% higher than that of tick-infested herds (Pegram and Chizyuka, 1990). In 

addition, the body weight production of weaned, tick-free calves was 28% higher and milk consumption 

21% higher. High tick infestations reduce the ability of livestock to reach their full weight potential. For 

example, when animals are infested with an average of 40 ticks of Rhipicephalus microplus species per 

day and per animal, they can lose around 20 kg per year. When they are infested with more than 200 

ticks over a six week period, they can die if left untreated (Hadush, 2016). 

The financial loss results in a loss of production in addition to the cost of prevention or control of TTBD 

per animal per year (Jonsson, 2006). 

Regarding tick-borne diseases (TBD), they have a greater impact in tropical and subtropical countries 

(De Meneghi et al., 2016). For example, the annual global costs of R. microplus and associated diseases 

and their control have been estimated at between US$13.9 billion and US$18.7 billion (Jaime Betancur 

Hurtado and Giraldo-Ríos, 2019). In the light of the recurrent problem of tick infestation in livestock 

and the consequences due to transmitted diseases, acaricides seem to be the most appropriate option. 

Despite the temporary nature of the effects of acaricides and the emergence of resistance of some 

species, they have so far proved to be the best solution for TTBD available right now. The challenge 

relies in the constant, continuous and low-cost supply of these products to livestock farmers (Walker, 

2014). 

Published data to illustrate the economic benefit of cattle tick control are rare, especially in the West 

African sub-region. We hypothesize for this study that the effective prevention and control of TTBD on 

a cattle farm would be economically beneficial. The cost of acaricide treatments and TBD prevention 

and control would be lower than the cost of economic losses caused by these parasites within a herd 

without any treatment.  

The objective of the study is to assess the economic impact of TTBD in transhumant cattle herds and 

the benefits of preventing or controlling these parasites.  

 

2. MATERIALS AND METHODS 
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2.1.  Study area 

The study area includes two West African bordering countries: Burkina Faso (eastern region) and Benin 

(northern region). It is located between 8° and 13°N latitude and 1°E and 4°W longitude. The eastern 

region of Burkina Faso (46256 km2, i.e. 17% of the national territory) is divided into five provinces 

(Gnagna, Gourma, Komandjoari, Kompienga, and Tapoa), which represent a transhumance departure 

area (Anonyme, 2009). Three provinces (Gourma, Kompienga and Tapoa) are included in this study. 

The north of Benin is divided into four departments (Alibori, Atacora, Borgou, and Donga), which 

correspond to an arrival area of the transhumant herds from Burkina Faso. The provinces of Burkina 

Faso and the departments of Benin are divided into municipalities. Our study area groups a total of forty-

four municipalities with twenty-seven in Benin and eighteen in Burkina Faso (Figure 1). 

The climate in these two regions is almost similar with few particularities. The south-Sudanese climate 

of the eastern region of Burkina Faso is characterized by a rainy season that last five months, from May 

to September, and a dry season that last seven months, from October to April (Ibrahim et al., 2012). 

Precipitations are very variable both in the number of rainy days and in the quantity of water (between 

900 and 1100mm per year) (Anonyme, 2009). Northern Benin has a Sudanese climate with a rainy 

season lasting 5 months from May to September and a dry season lasting 7-8 months from October to 

April. Rainfall is between 700 and 1100 mm of water per year. The external temperatures are between 

22 °C and 37 °C throughout the country with daily thermal amplitudes in the north (greater than 10 °C) 

(Adam, 1993).  

Livestock represents the third largest export product after gold and cotton in Burkina Faso. It contributes 

26% of the country’s export earnings. Burkina Faso's cattle herd consisted of 10,003,682 heads in 2019 

(FAO, 2021). Among the country's thirteen regions, the eastern region (11.37%) is the third largest in 

terms of cattle heads, behind the Sahel (20.15%) and the Upper Basins (16.6%) (Anonyme, 2019). 

Benin's cattle herd is made up of 2,503,836 heads located more than 80% in the northern part of the 

country (FAO, 2021). 

 

2.2.  Nature and source of data 

The data of a cross-sectional acarological survey carried out from December 2016 to February 2017 in 

the study area were used to make a map of the tick density at animal level in this period (Ouedraogo et 

al., 2021). Data were compiled by municipality for all the ticks collected with no distinction of the 

species of ticks. A total of 90 herds were randomly sampled including 46 in eastern Burkina Faso and 

44 in northern Benin. An epidemiological survey followed the acarological survey to collect data on the 

acaricides used in the area,  dosages and costs of these products (Zannou et al., 2021). 

Additional data were provided by the veterinary services of the two countries on the number of cattle 

herds in the targeted departments and on the price list for livestock products such as meat and milk. 
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Data on the adverse effects of different tick species on meat and milk production were collected from 

previous published articles that have already addressed this subject (Table 1). Tick borne diseases 

mortality statistics were provided by World Animal Health Information System (OIE, 2021). Tick 

density at animal level was mapped with QGIS 3.18.1 (Quantum GIS Development Team, 2021).  

 

2.3.  Statistical analyses 

 

2.3.1. Deterministic model for the estimation of clinical and economic ticks and tick-borne 

diseases impacts 

A mathematical deterministic model was developed with the different data collected in an excel 

spreadsheet. Below are the different equations (boxes) that make up this model. Details are given in 

Table 1 and Appendix S1. 

2.3.1.1.  Structure of the cattle population 

Herds were considered as the epidemiological units. Indeed, the detection of ticks makes them a tick 

infestation outbreak. The structure of the herds (cattle heads, proportion of cows, heifers, bulls and 

young bulls in an outbreak) in the study area derived from two previous published works, one in Benin 

(Chabi Toko et al., 2016) and the other in Burkina Faso (Zampaligre et al., 2019). The data collected in 

these articles and those from our epidemiological survey were used to determine the average herd 

structure (Table 1 and Appendix S1). 

 

2.3.1.2.  Estimation of production losses 

Ticks species found in the region were Amblyomma variegatum, Hyalomma truncatum, Hyalomma 

rufipes, Hyalomma impeltatum, Hyalomma impressum, Hyalomma nitidum, Rhipicephalus lunulatus, 

Rhipicephalus sanguineus, Rhipicephalus senegalensis, Rhipicephalus muhsamae, Rhipicephalus 

geigyi, Rhipicephalus decoloratus, Rhipicephalus microplus, and Rhipicephalus annulatus (Ouedraogo 

et al., 2021). Data on the weight lost by animal due to the presence of a tick according to the species and 

sex of the tick were collected from scientific literature (Table 1). This information was used to calculate 

the total weight loss of an animal according to the tick infestation rate. The meat production losses were 

computed as described in Table 1 and Appendix S1. 

 

Equation 1 (meat production losses due to tick infestation): 

 

𝑊𝐿𝑠𝑆𝑝 = 𝑊𝐿𝑠𝐸𝑆𝑝 ∗  𝑁𝑏𝐺𝑛𝑆𝑝𝑌 ∗  𝑃𝑇𝑆𝑝 ∗  𝑁𝑏𝑇 

 

With:  
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WLsSp: Weight losses per tick species (expressed in kg of body weight). 

WLsESp: Weight losses due to an engorging tick species. 

NbGnSpY: Number of generations of the species per year.  

PTSp: Proportion of the tick species. 

NbT: Number of ticks.  

 

To find out the cost of weight loss in a herd, the price per kg of body weight of live animal was multiplied 

by the total weight loss due to all ticks in the herd. 

Data on the loss of milk production caused by a tick species was collected from previous published 

articles (Table 1). These data were used to calculate the total milk loss caused by the infestation of the 

tick species on cows in the study area. The milk production losses were computed as presented in in 

Table 1 and Appendix S1. 

 

Equation 2 (milk production losses due to tick infestation): 

 

𝑀𝐿𝑠𝑇𝑆𝑝 = 𝑁𝑏𝑇𝑆𝑝 ∗  𝑁𝑏𝐺𝑛𝑆𝑝𝑌 ∗  𝑀𝑙𝐿𝑠𝐸𝑇𝑆𝑝 

With: 

MlTSp: Milk losses per tick species (expressed in litre of milk). 

NbTSp: Number of ticks per species. 

NbGnSpY: Number of generations of the species per year. 

MlLsETSp: Milk loss per engorged tick of the species. 

 

The cost of milk losses is given by the product of the price per litre of milk by the total amount of milk 

lost due to ticks in a herd. 

Tick borne pathogens found in cattle (n = 946) in the study area were: Theileria mutans (91.1%), 

Theileria velifera (77.8%), Babesia bigemina (10.9%), Anaplasma marginale (4.2%), Babesia bovis 

(3.3%), and Theileria annulata (1.8%) (Ouedraogo et al., 2021). Some of the pathogens detected in 

cattle in the study area cause diseases that may result in the death of animals if no treatment is applied. 

These include B. bovis, B. bigemina, A. marginale and T. annulata (Bock et al., 2004; Swai et al., 2007; 

Gul et al., 2015). When they do not cause death of infected animals, these pathogens can cause weight 

and milk production losses (Manzoor et al., 2020). The others cause mild infections. As the study did 

not collect information on mortality caused by these different pathogens, we used the WAHIS animal 

health data on the OIE website (OIE, 2021). In this case, we calculated the lethality of diseases caused 

by these pathogens in the West African sub-region when the data was available on the site. With the 

prevalence data from a cross-sectional study (Ouedraogo et al., 2021), we estimated the mortality by 

pathogen genus. The mortality was computed as follows: 



Experimental section – Study 5 

 
 

140 

 

 

Equation 3 (mortality losses due to tick infestation): 

 

𝑀𝑟𝑡𝐶𝑡𝑙𝑇𝑏𝑑𝑂𝑢𝑡 = 𝑀𝑟𝑏𝑇𝑏𝑑 ∗  𝐿𝑡ℎ𝑇𝑏𝑑𝑊𝑎𝑓 ∗  𝐶𝑡𝑙𝐻𝑑𝑂𝑢𝑡 

 

With: 

MrtCtlTbdOut: Mortality of cattle due to TBDs per outbreak (expressed in heads). 

MrbTbd: Morbidity of TBDs. 

LthTbdWaf: Lethality of TBDs in West Africa. 

CtlHdOut: Cattle heads per outbreak. 

The cost of losses due to TBD mortality was obtained by multiplying the TBD mortality by the average 

weight of an animal and the average price per kg of live weight.  

We also computed the cost of the body weight and the milk production losses due to TBD with the 

following formulae. 

 

Equation 4 (body weight losses due to TBDs): 

 

𝐶𝑠𝑡𝑊𝐿𝑠𝑇𝑏𝑑 = 𝑃𝑟𝑒𝑣𝑇𝑏𝑑 ∗  𝐶𝑡𝑙𝐻𝑑𝑂𝑢𝑡 ∗  𝑊𝐿𝑠𝑇𝑏𝑑 ∗  𝐴𝑣𝑔𝐿𝑤𝑃𝑐𝑒 

 

With:  

CstWLsTbd: Cost of weight losses due to 3 critical days of illness in an outbreak of TBD (expressed 

in euro). 

PrevTbd: Prevalence of TBD. 

CtlHdOut: Cattle heads per outbreak. 

WLsTbd: Weight losses due to 3 critical days of illness caused by TBD. 

AvgLwPce: Average live weight price. 

 

Equation 5 (milk production losses due to TBDs): 

 

𝐶𝑠𝑡𝑀𝑙𝐿𝑇𝑏𝑑 = 𝑃𝑟𝑒𝑣𝑇𝑏𝑑 ∗  𝑁𝑏𝐿𝑎𝑐𝑡𝐶𝑤𝑂𝑢𝑡 ∗  𝑀𝑙𝐿𝑠𝑇𝑏𝑑 ∗  𝐴𝑣𝑔𝑃𝑐𝑒𝐿𝑡𝑀𝑙 

 

With:  

CstMlLsTbd: Cost of milk production losses due to 3 critical days of illness in an outbreak of TBD 

(expressed in euro). 
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PrevTbd: Prevalence of TBD. 

NbLactCwOut: Number of lactating cows per outbreak. 

MlLsTbd: Milk production loss due to 3 critical days of illness caused by TBD. 

AvgPceLtMl: Average price of a litre of milk. 

 

2.3.1.3.  Estimation of tick control costs 

An epidemiological survey conducted by Zannou et al., (2021) revealed that farmers use several 

acaricides in the following proportions (n = 90 farmers) : amitraz 68%, cypermethrin 13%, deltamethrin 

3%, fipronil 4%, flumethrin 1% and ivermectin 1%. These data on the proportions of use of the various 

acaricides allowed us to estimate the proportion of animals treated with each type of acaricide. 

Additional data such as the cost of an acaricide treatment and the frequency of treatment were used to 

calculate the total annual cost of acaricide treatment in a herd. The formula used to compute the cost of 

acaricide treatment was the following. 

 

Equation 6 (cost of acaricidal treatment): 

 

𝐶𝑠𝑡𝐴𝑐𝑑𝑂𝑢𝑡 = 𝑁𝑏𝐴𝑙𝐴𝑐𝑑 ∗  𝑁𝑏𝑇𝑚𝑡𝐴𝑙𝑌 ∗  𝑃𝑙𝑔𝐴𝑐𝑑 ∗  𝐶𝑠𝑡𝑚𝑙𝐴𝑐𝑑 

 

With 

CstAcdOut: Cost of acaricidal treatment of one outbreak (expressed in euro). 

NbAlAcd: Number of animals treated by a type of acaricide. 

NbTmtAlY: Number of treatments per animal per year. 

PlgAcd: Posology per active substance. 

CstmlAcd: Cost of one ml of acaricide per active substance. 

Three scenarios were discussed. These are the cases in which the farmers spray 1) all, 2) half or 3) one 

third of their herd.  

2.3.1.4.  Estimation of tick-borne diseases control costs 

Among the tick-borne pathogens detected in cattle in the study area, B. bovis, B. bigemina, A. marginale 

and T. annulata are pathogenic and can have significant consequences on the animal health (Bock et al., 

2004; Swai et al., 2007; Gul et al., 2015). Preventive treatments are available against babesiosis by 

monthly injections of products based on imidocarb dipropionate. Imidocarb dipropionate is the only 

babesiacide on the market providing clinical protection of disease from 3 to 6 weeks (Vial and Gorenflot, 
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2006). This antimicrobial also shows efficacy against anaplasmosis (Alberton et al., 2015). The cost of 

preventive treatment by monthly injection to each cattle was computed by the following formula. 

 

Equation 7 (cost of prevention treatment against TBDs): 

  

𝐶𝑠𝑡𝑇𝑏𝑑𝑇𝑚𝑡𝑌𝑂𝑢𝑡 = 𝐶𝑠𝑡𝑚𝑙𝐼𝑚𝑑 ∗  𝐹𝑟𝑒𝑞𝑇𝑚𝑡 ∗  𝑃𝑙𝑔𝐼𝑚𝑑 ∗  𝐴𝑣𝑔𝑊𝐴𝑙𝑂𝑢𝑡 ∗  𝐶𝑡𝑙𝐻𝑑𝑂𝑢𝑡 

 

With: 

CstTbdTmtYOut: Cost of one year TBDs preventive treatment in an outbreak (expressed in euro). 

CstmlImd: Cost of one ml of imidocarb dipropionate. 

FreqTmt: Frequency of treatment. 

PlgImd: Posology of imidocarb dipropionate. 

AvgWAlOut: Average weight of an animal in the outbreak. 

CtlHdOut: Cattle heads per outbreak. 

 

 

Table1. Model inputs to estimate the economic impacts of ticks and tick borne diseases in cattle and 

the costs of the acaricidal treatment and TBD prevention 

Inputs data Formula Unit Sources 

Number of herds randomly selected in the 

study area (1) 

Fixed=90 Heads (Zannou et al., 2021) 

Number of bovines per outbreak (2) Fixed=56 (mean 

size of cattle 

herds in the study 

area) 

Heads (Chabi Toko et al., 

2016; Zampaligre et 

al., 2019; Zannou et 

al., 2021);  

TransTicks study Proportion of cows in the outbreak (3) Fixed=0.34 - 

Proportion of heifers in the outbreak (4) Fixed=0.30 - 

Proportion of bulls in the outbreak (5) Fixed=0.18 - 

Proportion of young bulls in the outbreak 

(6) 

Fixed=0.19 - 

Average weight of a cow (7) Fixed=237.75 Kg 

Average weight of a heifer (8) Fixed=121.25 Kg 

Average weight of a bull (9) Fixed=264.17 Kg 

Average weight of a young bull (10) Fixed=108.75 Kg 
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Inputs data Formula Unit Sources 

Average weight of an animal in the 

outbreak (11) 

Output((7)*(3))+(

(8)*(4))+((9)*(5))

+((10)*(6)) 

Kg 

Average price per kg of milk (12) Fixed=0.66 Euro 

Average price per kg of meat (13) Fixed=2.48 Euro 

Average live weight price (14) Fixed=1.53 Euro 

Total number of animals infested by ticks in 

the study area (15) 

Fixed=888 Heads (Ouedraogo et al., 

2021) 

TransTicks study Total number of randomly sampled animals 

in the study area (16) 

Fixed=946 Heads 

Infestation rate of animals due to the 

presence of at least one tick (17) 

Output (15)/(16)  Calculation 

Number of ticks per species (18)    (Ouedraogo et al., 

2021) Total number of ticks collected in the study 

area (19) 

Fixed=14463 Ticks 

Ticks species abundance on animals (20) Output (18)/(19)  Ticks Calculation 

Number of female ticks per specie in the 

study area (21) 

Variable 

depending of tick 

species 

Ticks TransTicks study 

Proportion of female ticks per specie (22) Output (21)/(18)  Calculation 

Number of male ticks per specie (23) NA Ticks (Ouedraogo et al., 

2021) 

Proportion of male ticks per specie (24) Output (23)/(18)  Calculation 

Average number of ticks per animal (25) Output (19)/(16) Ticks (Ouedraogo et al., 

2021) 

Number of species generations per year 

(26) 

NA Generations Srivastava and 

Varma, 1964; Londt 

and Arthur, 1975; 

Saratsiotis, 1977; 

Garris, 1984; Pegram 

et al., 1987; Logan et 

al., 1989; Norval, 

1990; Linthicum et 

al., 1991; Yonow, 

Weight losses due to an engorged tick (27) NA Kg 

Milk production losses due to an engorged 

tick (28) 

NA G 
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Inputs data Formula Unit Sources 

1995; Ioffe-

Uspensky et al., 

1997; Stachurski, 

2000; A. Walker et 

al., 2003; Latif and 

Walker, 2004; 

Jonsson, 2006; Chen 

et al., 2012 

Number of cows affected (29) Output(2)*(3)*(1

7) 

Heads Calculation 

Milk losses per tick species (30) Output(18)*(22)*

(26)*(28) 

g Calculation 

Total milk losses (31) Sum of losses for 

species 

considered  

(Outputs 30) 

g Calculation 

Total milk loss in an outbreak (32) Output (31)/(1) g Calculation 

Cost of milk loss in the outbreak (33) Output (32)*(12) Euro Calculation 

Number of tick individuals per tick species 

(34) 

NA Ticks (Ouedraogo et al., 

2021) 

Weight loss per species (35) Output(27)*(18)*

(22+24)*(34) 

g Calculation 

Total weight loss due to tick (36) Sum of losses for 

species 

considered  

(Outputs 35) 

g Calculation 

Cost of weight losses  (37) Output (36)/(14) Euro Calculation 

Cost of weight losses per outbreak (38) Output (37)/(1) Euro Calculation 

Morbidity of TBDs (Prevalence) (39) NA Cattle (Ouedraogo et al., 

2021) 

Lethality of TBDs in West Africa (40) NA Cattle WAHIS-OIE 

Mortality of cattle due to TBDs per 

outbreak (41) 

Output(40)*(39)*

(2)  

Cattle Calculation 
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Inputs data Formula Unit Sources 

Cost of mortality due to TBDs per outbreak 

(42) 

Output(41)*(11)*

(14) 

Euro Calculation 

Total cost of one year ticks infestation per 

outbreak (43) 

Output(33)+(37)+

(42) 

Euro Calculation 

Proportion of acaricide usage (44) NA NA (Zannou et al., 2021) 

Proportion of animals treated by a type of 

acaricide (45) 

Output (44)*(2) NA Calculation 

Number of treatments per animal per year 

(46) 

NA Treatment (Zannou et al., 2021) 

Posology per active substance (47) NA NA (Zannou et al., 2021) 

Cost of one ml of acaricide per active 

substance (48) 

NA Euro Calculation 

Cost of one acaricidal treatment per animal 

(49) 

Output (47)*(48) Euro Calculation 

Cost of acaricidal treatment of one outbreak 

(the whole herd) (50) 

Output(45)*(46)*

(49) 

Euro Calculation 

Cost of acaricidal treatment of one outbreak 

(half the herd) (51) 

Output (50)/2 Euro Calculation 

Cost of acaricidal treatment of one outbreak 

(third of herd) (52) 

Output (50)/3 Euro Calculation 

Posology of imidocarb dipropionate (53) NA ml/kg  TransTicks study  

Frequency of treatment (54) NA Time/year TransTicks study  

Cost of one ml of imidocarb dipropionate 

(55) 

NA Euro/ml TransTicks study 

Cost of one year TBDs preventive 

treatment in an outbreak (56) 

Output(55)*(54)*

(53)*(11)*(2) 

Euro Calculation 

Cost of one year TTBD treatment in an 

outbreak (the whole herd with acaricides) 

(57) 

Output (50)+(56) 

 

Euro Calculation 

Cost of one year TTBD treatment in an 

outbreak (half the herd with acaricides) (58) 

Output (51)+(56) Euro Calculation 

Cost of one year TTBD treatment in an 

outbreak (third of herd with acaricides) (59) 

Output (52)+(56) Euro Calculation 
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Inputs data Formula Unit Sources 

Ratio costs of ticks infestation (weight and 

milk losses)/cost of acaricidal treatment of 

one outbreak (third of herd) 

Output (43)/(52) 

(Scenario 1) 

 Calculation 

Ratio costs of ticks infestation (weight and 

milk losses)/cost of acaricidal treatment of 

one outbreak (half the herd) 

Output (43)/(51) 

(Scenario 2) 

 Calculation 

Ratio costs of ticks infestation (weight and 

milk losses)/cost of acaricidal treatment of 

one outbreak (the whole herd) 

Output (43)/(50) 

(Scenario 3) 

 Calculation 

Ratio costs of ticks infestation (weight and 

milk losses)/cost of one year TTBD 

treatment in an outbreak (third of herd with 

acaricides) 

Output (43)/(59) 

(Scenario 4) 

 Calculation 

Ratio costs of ticks infestation (weight and 

milk losses)/ cost of one year TTBD 

treatment in an outbreak (half the herd with 

acaricides) 

Output (43)/(58) 

(Scenario 5) 

 Calculation 

Ratio costs of ticks infestation (weight and 

milk losses)/ cost of one year TTBD 

treatment in an outbreak (the whole herd 

with acaricides) 

Output (43)/(57) 

(Scenario 6) 

 Calculation 

 

Legend: TTBD, Ticks and tick borne diseases; TBD, Tick borne diseases; NA, Not applicable (i.e., no 

formula used but data from the literature); WAHIS, World Animal Health System; OIE, World 

Organisation for Animal Health; TransTicks study, study funded by the Academy of Research and 

Higher Education through the Research for Development Project “Support to the epidemiological 

surveillance network of animal diseases and related sociological aspects in West Africa”. 

 

2.3.1.5.  Scenarios considered 

Seven scenarios were considered in this assessment of the economic impact of TTBD in cattle and the 

benefits of preventing/controlling ticks and/or TBDs. The seventh scenario (Scenario 7), where the 

animals do not receive any treatment, is considered as control (reference point of departure). These 

scenarios were based on the recommendations of acaricide and pathogens control laboratories and on 

the practices of farmers in the study area. These scenarios are as follows:  
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- Scenario 1: third of herd received acaricidal treatment;  

- Scenario 2: half the herd received acaricidal treatment; 

- Scenario 3: the whole herd received acaricidal treatment; 

- Scenario 4: third of herd received acaricidal treatment and all of them got preventive treatment 

against TBD; 

- Scenario 5: half the herd received acaricidal treatment and all of them got preventive treatment 

against TBD;  

- Scenario 6: the whole herd received acaricidal treatment and preventive treatment against TBD; 

- Scenario 7: No animals received either acaricide or preventive treatment against TBD (reference). 

 

 

2.3.1. Statistical comparison of the outputs of various scenarios 

The economic costs and the ratio "losses incurred / cost of treatment" for the different scenarios retained 

were compared using a two-sample Wilcoxon rank-sum (Mann-Whitney) test. Statistical analysis was 

performed using Stata SE 14 software (StataCorp, 2015) StataCorp, College Station, Texas, USA). The 

significance level was set to 0.05. 

 

3. RESULTS  

 

3.1.  Descriptive analysis 

The descriptive analysis of the distribution of tick density per animal considering all species and 

biological stages revealed that the communes of Benin seemed more infested than those of Burkina Faso 

(Figure 1).    
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Figure 1. Tick density per animal without distinction of species per municipality in a transversal survey 

during the dry season of 2016 – 2017. 

 

Regarding the cattle population distribution in the study area, the number of cattle exposed to ticks and 

TBD varied according to municipalities. Some municipalities recorded livestock density exceeding 

1,468 cattle per 10 km2 (Figure 2). 

  

Figure 2. Cattle density in the study area. Data source for mapping: GLW3;  

https://dataverse.harvard.edu/dataset.xhtml?persistentId=doi:10.7910/DVN/GIVQ75; (Source: Nicolas 

et al., 2016; Gilbert et al., 2018) 

 

3.2.  Deterministic model for the estimation of economic impacts of ticks and tick-borne diseases 

 

3.2.1. Production losses due to ticks infestation and tick-borne diseases 

The total cattle’s weight losses per standard herd (i.e., herd of 56 heads) caused by ticks is about 5.07 

kg for one year (Figure 3). The economic deficit induced by this weight losses per herd amount 7.77 

euro for one year (Figure 4). The total losses of milk production per standard herd (i.e., herd of 56 

heads) caused by ticks is 0.75 kg per herd for one year (Figure 3). This milk losses represent an annual 

economic reduction per herd of 0.50 euro (Figure 4). 

 

https://dataverse.harvard.edu/dataset.xhtml?persistentId=doi:10.7910/DVN/GIVQ75
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The total cattle’s weight losses per standard herd (i.e., herd of 56 heads) caused by TBD is 267.18 kg 

for one year (Figure 3). This amount corresponds to an economic deficit per herd of 409.49 euro for 

one year (Figure 4). The total losses of milk production per standard herd (i.e., herd of 56 heads) caused 

by TBD is 51.98 kg (Figure 3). This milk production losses represent an annual economic deficit per 

herd of 34.20 euro (Figure 4). 

The mortalities per standard herd (i.e., herd of 56 heads) caused by TBD induced weight losses amount 

312.87 kg of life meat for one year (Figure 3). These mortalities represent economic losses per herd of 

479.51 euro for one year (Figure 4). 

 

 

Figure 3. Clinical impact of one year ticks infestation and tick borne diseases on a mean-standard cattle 

herd of 56 heads in the study area. 
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Figure 4. Economic impact of one year ticks infestation and tick borne diseases on a mean-standard 

cattle herd of 56 heads in the study area. 

 

3.2.2. Ticks and tick-borne diseases treatment costs and comparison of the outputs of scenarios 

Results showed that costs increase when moving from acaricide only-treatment scenarios to 

simultaneous acaricide treatment and TBD prevention scenarios. Conversely, the "losses incurred / cost 

of treatment" ratios decrease when moving from acaricide only-treatment scenarios to acaricide 

treatment and prevention of TBD scenarios. Nevertheless, the cost of the most expensive treatment 

scenario remains lower than the cost of the losses incurred when no treatment is applied (Figure 5). 

There is an annual gain of 871 euro per herd (i.e., 56 heads of cattle) with the acaricide only-treatment 

scenarios, compared to the losses if no treatment is applied (Figure 5). When preventive treatment of 

TBD is combined with acaricide treatment there is an annual gain of 254 euro per herd (i.e. 56 heads of 

cattle) when compared to the losses if no treatment is applied at all (Figure 5). Finally, a significant 

difference was observed for both costs and ratio "losses incurred / cost of treatment" when we compared 

the three scenarios with acaricide only and the three other scenarios with use of both acaricide and 

prevention treatment of TBD (Two-sample Wilcoxon rank-sum (Mann-Whitney) test; p-value < 0.05). 

 

Figure 5. Comparative evolution of the costs of ticks and tick-borne diseases (TTBD) and their 

treatment in Euros and the ration between the cost of the TTBD and the cost of their treatment according 

to the scenario 

Legend: A - Scenario 1: Third of animals had acaricidal treatment; B - Scenario 2: Half of animals had 

acaricidal treatment; C - Scenario 3: All of animals had acaricidal treatment; D - Scenario 4: Third of 
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animals had acaricidal treatment and all of them preventive treatment against tick-borne diseases (TBD); 

E - Scenario 5: Half of animals had acaricidal treatment and all of them preventive treatment against 

TBD; F - Scenario 6: All of animals had acaricidal treatment and preventive treatment against TBD; G 

- Scenario 7: No animals received either acaricide or preventive treatment against tick-borne pathogens. 

 

4. DISCUSSION 

This study estimated the economic impact of TTBD at herd level focusing on two bordering West 

African countries. To the best of the authors' knowledge, this is the first time that such study was 

performed in Benin and Burkina Faso for this purpose.  

 

Results of the previous study (Ouedraogo et al., 2021) revealed that all the sampled communes in the 

study area were infested by ticks. As well, almost all the targeting herds were at risk of TTBD. The tick 

hosts are also well distributed in all communes of the study area. This situation of simultaneous presence 

of ticks (obligate parasites) and their hosts in the same environment is quite favourable to their 

development if no control measures are implemented to break the parasite-host cycle.  

In our model, we found that mortalities are mainly due to TBD and their translation in cost is quite high, 

about 489 euro per herd. Meat production losses due to TBD are also quite high with around 409 euro 

per herd. Meat production losses due to ticks directly are quite marginal and amount to only 8 euro in 

an outbreak. Tick-borne diseases therefore cause more economic damage than ticks directly. The same 

pattern was observed for milk production losses. Even if the cost of milk production losses is low 

compared to the losses due to mortality and meat production, they are mainly caused by TBD than by 

ticks directly (Figures 3 and 4). The total economic loss in milk production due to tick’s infestation and 

TBD is about 35 Euro at herd level. It is noteworthy that these losses are underestimated because there 

are several variables that have not been considered in the model due to lack of data. These include, for 

example, teat losses. Teat losses are the result of the mechanical effect of long rostrum ticks that create 

wounds at their attachment points on the udder. These sores become infected and can result in the loss 

of one or more udder quarters, thus considerably reducing milk production. However, other causes of 

teat losses can be incriminated (not specific to tick bites). 

Overall, the economic losses caused by TTBD in a mean-standard herd of 56 heads of cattle during a 

year, without any treatment, amount to about 931 euro (around 16.5 euro/head). This loss per herd was 

higher than the average gross domestic product per capita in the two countries (Benin and Burkina) for 

the year 2019, which amounts to 825 euros (World Bank and OECD, 2019). A loss of this value is very 

important in the study area where the economy is based on the primary sector in general and on livestock 

and agriculture in particular.  
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Therefore, strategies based on a preventive/control programme for TTBE are optimal. The 

epidemiological survey in the study area revealed a lack of national strategies for the prevention/control 

of TTBD in both countries. Overall, farmers have individual empiric strategies depending on the 

acaricides and pathogen control products available on the market (veterinary pharmacy and black 

market) (Zannou et al., 2021). 

Following the different strategies identified in the field and according to the recommendations of the 

different laboratories producing these products, we have developed six control scenarios against either 

ticks alone or ticks and associated pathogens. These six scenarios range from treating only one third of 

the herd with acaricide to treating the entire herd plus a preventive treatment against transmitted 

diseases. The treatment becomes more expensive when going from the one-third of the herd scenario to 

the full treatment. However, the ratio of production loss to treatment cost in each scenario is always 

greater than one. This indicates that there is always a benefit to treat animals. It remains to find the right 

strategy adapted to each environment depending on the ticks and associated pathogens species present.  

As ticks are the vectors of many pathogens, effective control of ticks can prevent the transmission of 

disease(s) to animals. Therefore, depending on tick species and the level of infestation of the herd, partial 

or complete treatment of the herd with acaricides could be recommended to control ticks and 

consequently the transmitted pathogens. Partial herd treatment is adopted by some farmers because they 

argue that some acaricides applied to a few animals can spread to all animals due to frequent contact 

between cattle in the same herd. Some farmers treat their herds partially because they can identify 

infested animals that need treatment.  

The other challenge is the availability and quality of acaricides and pathogen control products. Effective 

acaricides against the species present in the study area are crucial for successful tick control. The survey 

in the study area revealed that, to resolve resistance problem of R. microplus or the effectiveness of the 

products available, some farmers frequently overdose (Zannou et al., 2021). This practice undoubtedly 

leads to additional costs for acaricide treatment. In areas of high R. microplus infestation, it would be 

advisable to combine acaricide treatment with a preventive treatment against the main transmitted 

diseases: i.e. babesiosis. This option is included in scenarios 4, 5 and 6 of proposed models. 

This study did not consider the preventive treatment of Theileria annulata because this strategy does 

not yet exist in the study area. The control of this pathogen could be achieved by a good control of its 

vectors which are the ticks of the genus Hyalomma spp (Gharbi, 2006; Gharbi and Darghouth, 2015). 

These tick species have not yet shown a particular resistance to the acaricides used in the area. 

Chemotherapy with theilericides is also available for T. annulata infection but is globally expensive 

(about 33$ per adult cattle for parvaquone and buparvaquone based products in Tunisia). It should be 
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noted that there is a 12% failure rate of this treatment with a risk of mortality due to post-treatment 

complications (Gharbi and Darghouth, 2015). This type of treatment cannot be recommended in the 

context of livestock farming in the study area. 

Cattle skin is highly valued in cooking in this area. This skin is also used in leather goods. Hence, another 

limitation of this study is the unavailability of data on losses due to leather depreciation caused by tick 

damage. Heavy infestations of long-hypostome ticks (Amblyomma spp and Hyalomma spp) often create 

physical damage to the hides of infested cattle and depreciate their value in leather goods. 

Dermatophilosis, which is favoured by a heavy infestation of the tick Amblyomma spp, leads to a total 

degradation of the quality of the hide (Güney et al., 1993; Stachurski, 2000; Samuel, 2018; Zannou et 

al., 2021). Even if it gives an idea on the economic impacts of TTBD in West Africa, this study would 

be more complete if seasonality of circulating tick species were considered. Data on the relative 

abundance and seasonality of each tick species would allow for an analysis of the economic impact 

based on which species cause the most damage to livestock and at what time. This will allow a spatial 

and temporal analysis of the cost/benefit ratio.                          

 

5. CONCLUSION  

Ticks and TBD are major constraints to livestock production on all continents and particularly in Africa, 

where they cause significant economic damage. The economic losses are found in several domains of 

production, notably milk and meat, and sometimes result in the death of animals. The epidemiology of 

the transmitted diseases is complicated by the multiple agents involved in the process, namely, ticks, 

their hosts and concerned pathogens. Understanding the epidemiology of these diseases is essential for 

the development of locally appropriate preventive/control programs. A good knowledge of the 

particularities of each study area coupled with an appropriate cost-benefit analysis guide the choice of 

appropriate control strategies. The present study showed that acaricide treatments and preventive 

treatments against TBD were economically beneficial to farmers. These treatments allowed farmers to 

significantly reduce economic losses compared to the situation where no treatment was applied. It is 

therefore very timely and relevant to do these treatments. It is worth to remind that Burkina Faso and 

Benin are developing countries and the type of livestock farming practised by the majority of the farmers 

in these two countries is essentially extensive. It is thus important to find low-cost control strategies that 

are financially accessible to the stakeholders in the livestock farming subsector. The strategies adopted 

for the control of the various ticks and TBD present will be subject to regular evaluation and 

readjustment according to the evolution of the epidemiological situation. The development of a control 

strategy should be participatory for all stakeholders from the design to the implementation stage. 
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Awareness raising and training of all stakeholders should be carried out to ensure its acceptability and 

proper implementation. This study, based on evidence-based data, is of prime importance to promote 

prevention/control of ticks and TBD for both farmers, decision-makers and (inter-)national 

organisations. 
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Appendix S1: Clinical and economic impact of ticks and tick-borne diseases in a cattle herd 

Damages Production 

loss 

Causes Quantity Unit 

Milk losses due to ticks in the outbreak Milk Ticks 0.75 kg 

Cost of milk losses due to ticks in the outbreak Milk Ticks 0.50 Euro 

Weight loss due to tick in the outbreak Meat Ticks 5.07 kg 

Cost of weight losses due to ticks in the outbreak Meat Ticks 7.77 Euro 

Weight loss due to 3 days illness in an outbreak of 

babesiosis  

Meat TBD 245.01 kg 

Cost of weight losses due to 3 days illness in an 

outbreak of babesiosis  

Meat TBD 375.51 Euro 

Weight loss due to 3 days illness in an outbreak of 

theileriosis  

Meat TBD 22.17 kg 

Cost of weight losses due to 3 days illness in an 

outbreak of theileriosis  

Meat TBD 33.98 Euro 

Milk production loss due to 3 days illness in an 

outbreak of babesiosis 

Milk TBD 39.63 kg 

Cost of milk production losses due to 3 days 

illness in an outbreak of babesiosis 

Milk TBD 26.07 Euro 

Milk production loss due to 3 days illness in an 

outbreak of theileriosis 

Milk TBD 12.36 kg 

Cost of milk production losses due to 3 days 

illness in an outbreak of theileriosis 

Milk TBD 8.13 Euro 

Total milk losses due to TTBD in the outbreak Milk and meat TTBD 52.74 kg 

Total weight losses due to TTBD in the outbreak Milk and meat TTBD 723.31 kg 

Total mortality due to TBD per outbreak Milk and meat TTBD 1.70 Heads 

Cost of mortality due to TBD per outbreak Milk and meat TTBD 479.51 Euro 

Total cost of one year TTBD infestation in one 

outbreak 

Milk and meat TTBD 931.46 Euro 

Cost of acaricidal treatment of one outbreak 

(Third of animals) 

Milk and meat TTBD 32.73 Euro 

Cost of acaricidal treatment of one outbreak (Half 

of animals) 

Milk and meat TTBD 49.10 Euro 

Cost of acaricidal treatment of one outbreak (All 

of animals) 

Milk and meat TTBD 98.20 Euro 

Cost of one year TBD preventive treatment in an 

outbreak 

Milk and meat TTBD 616.99 Euro   

Cost of one year TTBD treatment in an outbreak 

(Third of animals with acaricides) 

Milk and meat TTBD 649.72 Euro   

Cost of one year TTBD treatment in an outbreak 

(Half of animals with acaricides) 

Milk and meat TTBD 666.09 Euro   

Cost of one year TTBD treatment in an outbreak 

(All of animals with acaricides) 

Milk and meat TTBD 715.19 Euro   

Legend: TBD: Tick-borne diseases, TTBD Ticks and tick-borne diseases.  
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This thesis aims to contribute to reducing the impact of tick-borne diseases by modelling the habitat 

suitability of an invasive tick species (Rhipicephalus microplus). To achieve this goal, it was important 

to take stock of the different types of models developed to date in the field of ticks and tick-borne 

diseases. It was also essential to assess the knowledge of cattle farmers about ticks and tick-borne 

diseases and the various strategies they currently use to curb these constraints. It is also useful to identify 

the social strata that own cattle in the area and the problems of acaricide resistance that they encounter 

in tick prevention/control. This information is crucial for the development of possible adapted and 

acceptable prevention/control strategies against ticks and tick-borne diseases. Secondly, it was necessary 

to evaluate the economic impact of ticks and associated diseases on the cattle industry in the study area. 

All studies in this thesis have therefore provided quite relevant and useful information for the 

development of prevention/control strategies for ticks and tick-borne diseases in the study area in 

particular and in the West African sub-region in general. 

Ticks and tick damage perception among sedentary and transhumant pastoralists in Burkina Faso 

and Benin 

According to study 1, the majority of livestock in the area is owned by the Fulani, whose main activity 

is livestock breeding. The most common form of livestock production is extensive pastoralism and 

transhumance. Cattle holders are fairly familiar with the different tick genera, except for the genus 

Rhipicephalus, and most use amitraz as their main acaricide for tick control. They do not have a clear 

understanding of TBD but still attribute some damage to ticks such as certain dermatoses and cow teat 

losses. 

The Fulani are known to be good pastoralists and manager of ruminant livestock. According to Stenning 

(1959), there are three categories of Fulani that are distinguished by their way of life. These are the 

Pastoral Fulani, the Semi-sedentary Fulani and the Sedentary Fulani. The Fulani found in our study area 

are essentially semi-sedentary. The common characteristic of the semi-sedentary Fulani is the division 

of the household and the herd. The head of the household stays in the area considered as the house, 

where the farm is located, sometimes keeping a small herd of dairy cows. His sons, married or not, take 

the herd away from the home area during the dry or rainy season. They return to the locality, however, 

to help with ploughing and harvesting activities. Herding is an ancestral practice in this ethnic group 
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that populates most of West Africa. The Fulani pastoralists live on dairy products. Surpluses are sold or 

exchanged for grain in the markets of the farming villages. In the dry season, the herds are dispersed to 

the south in response to the scarcity of pasture and water and reassembled in the north to avoid tsetse 

flies in the rainy season (Stenning, 1959). This accounts for the extensive livestock farming practised 

by most of the area's farmers. Pastoralism can be defined as a subsistence technique that uses the 

domestic animal as a primary consumer, with pastoralists living off the products of livestock. The human 

groups that obey this character are therefore theoretically absent from any other activity, especially 

agriculture (Retaillé, 2003). The vast majority of Fulani in our study area have livestock as their primary 

activity and practice pastoralism. This type of breeding, including transhumance, although an adaptation 

to difficult conditions for sedentary breeding, represents a constraint for the control of animal diseases. 

Indeed, the uncontrolled movement of animals does not facilitate the eradication of certain 

transboundary diseases and thus contributes to their dissemination in areas where they were absent. This 

is also the case of ectoparasites such as ticks, which are vectors of several pathogens that cause damage 

to cattle. Although farmers do not seem to be very familiar with the various pathogens transmitted by 

ticks, they are nevertheless aware of the direct visible damage that ticks can cause. Many have reported 

such damage as dermatitis, skin wounds and teat loss by cows due to ticks. Long-rostrum ticks such as 

Amblyomma and Hyalomma found in clusters on certain parts of the cattle's body create physical damage 

such as sores or dermatitis. These wounds can become infected or lead to myiasis. If they are found on 

the udders or udder quarters of cows, they lead to deterioration of the teats and therefore to a reduction 

in milk production. 

The social group that owns the livestock in the area is known for its practice of transhumance as the 

main mode of breeding. It seems very important to sedentarise the Fulani cattle holders where it is 

possible by facilitating their access to land and by promoting the integration of livestock and agriculture. 

Access to land for the Fulani is often very difficult because they are rightly or wrongly considered as an 

alien population by the indigenous population and because of their nomadic culture. Sometimes when 

land is allocated to them in certain localities, after a certain period the farmers again have access to these 

plots, which are now very rich because of the manure. Conflicts, therefore, arise from this desire to 

dislodge the cattle holders after several years on these lands. Good and concerted management of the 

land could optimise the yields of each party through the rotation between farmers and cattle holders on 

these plots. 

On the cultural level, the majority of transhumant being of the Muslim religion, they proceed to the 

spiritual preparation of the shepherds and the herd before the departure. Practical advice is given to 

novice herdsmen regarding good manners and politeness, vigilance during the crossing, criteria for 

choosing a host in the arrival area, etc. Amulets are made by the marabouts to protect the herd from 

predators such as wild animals (Zina, 2017). 
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The very low level of schooling observed among Fulani cattle holders is explained by the fact that at a 

very young age, the little boy begins by following his brothers in driving the cattle to the pasture. This 

does not allow him to attend school. When he grows up and reaches the age of marriage, his father gives 

him a part of the herd to make it his capital and source of income to sustain his family. This community 

being very Islamic, there is a higher attendance in Koranic schools. In a situation of permanent mobility 

of people and animals, the schooling of children is quite complicated. This low level of schooling affects 

the ability of pastoralists to acquire certain modern skills and may increase their level of ignorance of 

new technologies developed in the field of animal husbandry. The diagnosis of the very low level of 

literacy among livestock farmers is indicative of their behaviour in herd management and animal health 

care. Overdosing, underdosing and the non-respect of withdrawal periods are frequent among these 

farmers. The lack of schooling among farmers leads to an inability to read the instructions for veterinary 

products and therefore to poor use of these products. This bad behaviour harms tick and tick-borne 

disease control by creating resistant species in the case of frequent overdosing and underdosing of 

acaricides and public health problems in the case of non-compliance with waiting periods. This illiteracy 

results in reduced access to information. During conflicts between farmers and cattle holders, it is not 

rare to find that the rights of some are violated in the management of these crises. This is often due to a 

lack of knowledge of their rights because they are unable to read and write. Sometimes the language 

barrier affects the collaboration between the cattle holder and his veterinarian. Illiteracy also reduces 

access to livestock training. This information on the very low level of literacy among livestock keepers 

will therefore be used by the authorities to develop messages and training adapted to the quality of this 

particular target. The acaricide most commonly used by farmers to control ticks is amitraz, and supply 

is mainly from the unregulated market, where products are stored in unsuitable conditions. This 

molecule, although effective on most tick species found in the study area, has proven ineffective against 

the invasive tick R. microplus. In addition, the practices observed show that farmers very often overdose 

on this product to obtain the desired effect. The storage conditions, the doubtful origin and quality as 

well as the resistance of R. microplus to this molecule can explain the overdoses observed in the use of 

this product by the breeders. These practices (overdosing, underdosing and poor quality) may also lead 

to the appearance of resistance in other tick species that were previously sensitive to it. Study 1 revealed 

that 84% of the farmers overdose the most commonly used acaricide "amitraz" while 5% of them 

underdose. Overdosing amitraz may have its source in the ineffectiveness of the product leading the 

cattle holders to increase the recommended dosage. The conditions of storage of the products and their 

origins could be the sources of these problems. This practice could have been a major public health 

problem if amitraz had residue in milk and meat. According to De Meneghi's work (De Meneghi et al., 

2016), amitraz does not have fortunately residues in meat and milk and the method of application of this 

acaricide (bashing) prevents direct contamination of milk. It should be noted that about 4% of the 

acaricides identified were based on Fipronil. Fipronil is an acaricide whose use in livestock farming 

requires great caution. Fipronil is classified as moderately toxic by the World Health Organisation. 
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Fipronil is also classified as a possible carcinogen by the US Environmental Protection Agency, but 

only if a high exposure threshold is reached. The brand found in cattle farmers was contraindicated in 

cows whose milk was intended for human consumption. It was also contraindicated in pregnant cows 

three months before calving. These producer recommendations are not always respected by farmers. 

Self-medication is a serious problem in animal health in West Africa. Farmers only seek veterinary help 

when they have exhausted several treatment recipes suggested among themselves without success. It is 

also not uncommon to see cases of administration of antibiotics by non-professional animal health 

workers. This situation presages serious problems of antibiotic resistance with certain germs. We can 

also fear public health problems because waiting periods are not always respected before delivering 

certain animal products for human consumption after treatment of animals with certain veterinary 

products. These self-medication practices were reported by Zina (2017). During transhumance, 

veterinary services are often inaccessible to cattle holders in certain localities. Cattle holders, therefore, 

leave on transhumance with a stock of veterinary products acquired in veterinary pharmacies at the start 

of the transhumance or on informal markets selling medicines in the localities they visit. It is not 

uncommon to see therapies based on plants and traditional recipes. Most of the markets in these localities 

are equipped with stands selling veterinary drugs of dubious origin and inadequate storage conditions. 

It is also observed that almost all livestock markets have stalls selling veterinary drugs. The West 

African Economic and Monetary Union (UEMOA) has initiated in recent years actions to fight against 

the scourge of fake veterinary drugs by training veterinary drug inspectors in its member countries. This 

fight must be intensified to clean up this environment which is a public health concern. Also, as part of 

the harmonization of veterinary pharmaceutical legislation, the UEMOA Commission has set up 

institutional mechanisms, in particular, the Regional Veterinary Medicines Committee (RVMC) and its 

Permanent Secretariat, the List of Veterinary Medicines Experts (LEMV) and the Veterinary 

Committee. This harmonization, framed by community legal texts, made it possible, starting in 2006, to 

set up a centralized system of marketing authorization for veterinary drugs (MA) under the responsibility 

of the UEMOA Commission, which is now the only body authorized to issue MA 

(http://infoveterinaire.uemoa.int). However, it must be noted that unlicensed veterinary products 

continue to circulate on the markets of Benin and Burkina Faso through smuggling. 

The importance of this study lies in the fact that it provided accurate information on the type of farmers 

in whose hands the cattle are kept, the type of farming practised, their perception of ticks and tick-borne 

diseases and the practices they use to control these vectors. This information will be used to design 

prevention/control plans that are adapted, affordable and acceptable to the stakeholders in the cattle 

industry. These results will help to identify possible bottlenecks in the acceptance of tick control 

measures. Socio-anthropological approaches will be used to facilitate the acceptance of these 

prevention/control measures, the development of which must be participatory.  One of the most common 

secondary activities of livestock keepers is farming. This information is important in the sense that it 

http://infoveterinaire.uemoa.int/
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will allow the promotion of agriculture-livestock integration by improving Fulani cattle holders' access 

to land. The integration of agriculture and livestock will improve the sedentarisation of these cattle 

holders, which would avoid frequent displacements with all their consequences.   

One of the main limitations of this study could be the number of people surveyed, which is only 90 in 

the study area. It should be noted, however, that despite the small number of livestock farmers surveyed, 

the distribution over the entire study is good enough to provide a good picture of the situation studied. 

Another limitation is that veterinary officers were not surveyed to assess their knowledge of ticks and 

TBD and the difficulties they encounter in their work. Other actors in the livestock sub-sector could also 

have been surveyed, including suppliers of veterinary products, etc. 

Transhumance corridors through Benin used by cattle herds from Burkina Faso and associated 

risk scoring regarding the invasion of R. microplus 

One of the main ways of raising cattle in West Africa is pastoralism, including transhumance. This 

practice presents many problems despite some advantages. In the context of the regular and cyclical 

movement of animals, it is difficult to implement certain strategies for controlling animal diseases. This 

practice also contributes to the dissemination of pathogens and vectors in areas where they were not 

previously reported. Extensive cattle raising strategy do not allow animals to have the best zootechnical 

performance (meat and milk production). Indeed, the purpose of study 2 was to identify, first, the 

corridors and grazing areas used by transhumant herds from Burkina Faso to Benin; second, the 

characteristics of the departure and arrival areas for transhumance; and third, to develop a risk score 

related to the introduction and spread of the invasive tick, R. microplus, in free-ranging areas. 

Drastic conditions during the dry season, notably the drying up of water points and the scarcity of 

grazing, force the Sahelian herds to descend to the coastal countries. These coastal countries still have 

forage and watering points for their herds during this period. Moreover, the climatic conditions in these 

countries are reputed to be more favourable to vectors than those in the Sahel (Hoste, 1992). 

Some ecological conditions are essential for the survival of species in an area according to its 

specificities. Ticks are non-permanent parasites that during their life cycle have free stages they spend 

outside their hosts in nature. This free life in nature is only possible if certain conditions are met. Among 

these conditions, we can mention humidity, temperature, vegetation etc. Some ticks can live in warm 

environments while others can survive in cold environments. In many studies, R. microplus was 

described as a tick that prefers warm and humid environments (Estrada-Peña et al., 2006b). The tick was 

found in northern Benin and not yet in western Burkina. Northern Benin is more watered then more 

humid and cooler than eastern Burkina (Fadika et al., 2019). The presence of the tick was positively 

correlated with rainfall but negatively correlated with temperature. The R. microplus tick, therefore, 

prefers environments that are neither too hot nor too dry. However, it should be noted that the eastern 

part of Burkina Faso has climatic conditions that are not very hostile to the tick in terms of temperature 

and rainfall. The frequent and regular movements between the east of Burkina Faso and the north of 
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Benin may favour the displacement of the tick by its specific host, cattle, in areas where it is not yet 

found. The acarological survey implemented during this study revealed that Burkina Faso transhumant 

herds were infested by R. microplus during their stay in Benin. There was a real risk of importation of 

ticks into eastern Burkina Faso by these herds. This must have happened several times already, but it 

remains to be checked whether the process of its installation is possible in this new environment. Further 

investigations are therefore needed to elucidate this situation. The same situation happened in the 

western region of Burkina Faso where R. microplus was imported by transhumant herds from the north 

of the Ivory Coast (Adakal et al., 2013). During the transhumance, hundreds of herds from different 

regions and of different health status meet on pastures, water points, and livestock markets (Jori et al., 

2021). These different meeting places of thousands of animals constitute hotspots for contagious and 

transboundary diseases such as foot and mouth disease, contagious bovine pleuropneumonia, nodular 

lymphatic disease, tuberculosis, lumpy skin disease, etc. Benin still facing Anthrax outbreaks these last 

ten years (Anonyme, 2018). The department of Atacora, which is one of the areas of destination of 

Burkina Faso transhumant herds, is also known for its cursed fields (the site of anthrax contamination). 

Anthrax bacteria (Bacillus anthracis) are known to sporulate when environmental conditions are poor 

and to remain there for several years while waiting for better conditions. It’s responsible for deadly 

infection in animals and human when contaminated and untreated (Carlson et al., 2019). Indeed, cattle 

from Burkina Faso that come to stay in this department during transhumance could go back to their 

place of residence with anthrax infection.  

The Pendjari Park, which is a wildlife reserve in Benin, is a place where live many wild ruminants, 

including buffaloes and gazelles (Sinsin et al., 2002). This area, which remains greener than the 

surrounding region during the dry season, attracts many transhumant cattle holders who stay there 

despite the ban. The risk score for R. microplus is not negligible in this area. The frequent stays of cattle 

in this area, which is normally reserved for wild animals, may favour exchanges of pathogens and 

vectors between wild and domestic animals. Benin has invested a lot of money in the renovation of 

Pendjari Park through a collaboration with "African Parks" since 2017. The Pendjari Park today 

represents one of the last strongholds for the 1,700 elephants in the region and 25% of the remaining 

400 critically endangered lions in West Africa. There are several species of antelope, a population of 

cheetahs and over 460 bird species. Frequent intrusions by cattle holders with their animals could ruin 

all these efforts. R. microplus although being a cattle specific tick would use other wild animals such as 

wild carnivores, deer and Oryx as alternative hosts. This possibility of infestations of wild animals 

represents a rather serious risk for the wildlife of the Pendjari Park. It should also be noted that some 

wild ruminants are reservoirs for certain germs that are highly pathogenic for domestic animals. The 

African Buffalo (Syncerus caffer) was listed among the wild mammals in the Pendjari National Park. 

This wild ruminant is known to be a reservoir host to many pathogens responsible for economically 

important livestock diseases. Several livestock tick-borne diseases (theileriosis, heartwater, babesiosis 

and anaplasmosis) have been cited among these diseases (Eygelaar et al., 2015). Therefore, contact with 
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domestic animals can severely affect their health and thus their production. Another example is the foot 

and mouth disease virus, which is a real problem for domestic ruminant farming in West Africa. Control 

programs have been implemented for several years without success. In recent years, hopes have been 

pinned on a vaccine developed in Botswana, which is quite expensive for farmers without government 

subsidy (Letshwenyo et al., 2004). All these efforts will only be successful if uncontrolled livestock 

movements and frequent contact between domestic and wild fauna are avoided.   

The risk score model developed in this study could be further improved and strengthened by adding 

other variables such as "interaction between tick species" and "vaccination parks". These data could not 

be collected over the entire study area before the end of the study. Vaccination parks, as well as grazing 

areas and livestock markets, are meeting points for many herds and can facilitate the sharing of 

pathogens and parasites. Even if animals do not meet in these areas, they may infest these areas during 

their short stay and other animals may be infected later when they pass through as well. A study has 

shown that the presence and abundance of native tick species can increase the presence and abundance 

of the invasive tick (Biguezoton et al., 2016a). These parameters should also be taken into account to 

improve the model in the future. The model should be implemented in larger areas than our study area 

(e.g. West Africa) and externally validated with Rhipicephalus microplus presence/absence data 

collected in the mentioned areas. 

 

Habitat suitability for the invasive tick R. microplus in West Africa 

Before modelling the habitat suitability of the invasive tick R. microplus, it was important to first review 

the state of the art on modelling tick dispersal and tick-borne diseases with a focus on Africa. Therefore, 

in the framework of Study 3, a literature search allowed us to identify all articles that have developed a 

mathematical model to show the distribution of ticks and tick-borne diseases. This allowed us to 

highlight the different types of models most commonly used and most appropriate to the context of the 

study area.  

Study 4 aimed to highlight the extent of the spread of R. microplus in West Africa today and to show to 

what extent the West African environment is adapted to the habitat of the R. microplus tick through 

habitat suitability models.   

Seven variables were selected including the annual average rainfall, the annual average temperature, the 

annual average vegetation index, the density of the tick's host cattle and the landcover variables 

(cropland, grassland and shrubland). Six models were used. One in single modelling (MaxEnt) and five 

(GLM, GAM, RF, BRT and SVM) in an ensemble modelling. The selected models showed good 

performance (AUC, TSS and BI) in their evaluation. 
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These models had the particularity to investigate the importance of other predictors such as landcover 

predictors in the distribution of R. microplus in the environment. Thus, in addition to showing that R. 

microplus is more present in wetter and less warm areas and where host density is lower, study 4 also 

revealed that the tick is also more present in areas where crops and grasses are scarce and shrubs are 

more present. 

Humidity and temperature are important factors in tick biology. The development and mortality of ticks 

are strongly influenced by these two factors (Estrada-Peña et al., 2015a). The results obtained by this 

study concerning climate predictors have already been obtained on a smaller scale by De Clercq et al., 

(2015) in Benin and Zannou et al., (2020) in Burkina and Benin in 2020. Climatic factors are crucial in 

the establishment of R. microplus in an environment and its overall distribution. Changes in these factors 

(e.g. climate change) may also influence the abundance of this species in the environment in which it is 

already established and consequently the prevalence of pathogens transmitted by these vectors (Estrada-

Peña et al., 2006a; Marques et al., 2020). These changes may also increase or decrease the environments 

favourable to the tick. It should be noted that this tick could also develop an adaptation to climate change 

given its already known invasive and acaricide-resistant character. Predictions on these possible changes 

in the distribution of R. microplus can help competent authorities to anticipate control measures. The 

vegetation index is an important variable in that it provides information on the presence and quality of 

vegetation. When it is known that ticks spend almost 80-90% of their life off-host, vegetation appears 

to be very important in its life cycle (Leal et al., 2018; Zamora et al., 2020). Previous work had also 

shown the importance of the NDVI on a smaller scale (Benin and Burkina) (De Clercq et al., 2015; 

Zannou et al., 2021a). The tick was more often found in areas where there are few crops with many 

shrubs. The out-of-host stage is a stage of the high vulnerability of the tick. During this phase, the 

engorged female seeks a moist and not very warm and covered place to lay her eggs and allow them to 

incubate and hatch in good conditions. Vegetation plays a big role in this process as it provides shelter 

for the female to lay her eggs (Pérez de Leon et al., 2012). After hatching, the larvae need vegetation to 

lie in wait to find the host to continue the cycle. This phase is also critical because if it takes place in a 

sunny environment the eggs and then the larvae risk desiccation. Areas with shrubs are ideal as they 

provide shade for the eggs and larvae and avoid high mortality due to sunlight (Leal et al., 2018; Zamora 

et al., 2020). Cultivated areas are areas of high human activity where the soil is regularly disturbed 

following regular weeding as part of fieldwork. These regular human interventions are likely to disrupt 

any nesting of the gorged females or the peaceful incubation of eggs for the production of R. microplus 

larvae. Crops also have pests that constrain their proper development and the production of good crop 

yields. To control these pests, chemical pesticides are regularly applied to crop fields and consequently 

to the environment. Ticks (non-host stages) present in these environments are killed along with the plant 

pests. West Africa is also an area where herbicide use is very common, especially in cotton cultivation. 

These chemicals affect the arthropod populations that remain on the ground during their application 
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(Mohammed et al., 2017). Cattle in West Africa are more concentrated in the Sahel countries, which are 

less watered and warmer. As the tick is more inclined to areas with more water and less heat, a negative 

correlation between these two variables appears. The specific aptitudes of the two areas seem clearly 

defined. The Sahelian countries have more favourable conditions for extensive cattle and small ruminant 

production, while the coastal countries seem to be more suited to short-cycle livestock production. Inputs 

for short-cycle livestock and non-conventional species are relatively abundant and more accessible in 

coastal countries (e.g. Côte d'Ivoire, Ghana and Nigeria, Benin). Parasite pressure is greater in coastal 

countries (more favourable conditions for plagues) than in Sahelian countries. This situation also 

contributes to the distribution of ruminants in the Sahel and West Africa region (Kamuanga et al., 2008). 

Nevertheless, the frequent and periodic movements of herds between these two ecosystems enabled by 

transhumance should be considered. Indeed, at a certain time of the year (dry season), herds in search 

of pasture and water are forced to descend into areas that are still wet at that time and therefore heavily 

infested by ticks (Zannou et al., 2021a). These regular movements and stays expose the animals to R. 

microplus and the main pathogen it transmits, which is Babesia bovis and Babesia bigemina. These 

pathogens are responsible for extensive production losses (Jonsson, 2006; Waldron and Jorgensen, 

1999). 

The habitat suitability maps revealed that coastal countries of West Africa have better habitat suitability 

for the tick than Sahelian countries. This suitability decreases as one moves away from the coast towards 

the Sahel. This trend is similar to the one observed in De Clercq's study implemented in only Benin 

country (De Clercq et al., 2015). This previous R. microplus distribution modelling used occurrences 

data from 2011 and showed that the habitat suitability decrease from the South to the North of the 

country. Recent works have revealed the presence of the tick in some areas in the North of Benin where 

it was absent during the work of De Clercq et al. (2015). Therefore, the present work has taken into 

account presence data from several countries, compared to De Clercq's work in 2015, which only took 

into account presence data from Benin. Indeed, it is worth stressing the fact that this work used more 

data and different predictors compared to this previous study. The climatic conditions become less and 

less suitable for the tick the further away from the equator one gets in West Africa. Sahel countries are 

drier and hotter than coastal countries. Moreover, the vegetation is less developed there. Despite the 

higher density of cattle in the Sahel, the off-host life will be difficult for the tick because of the 

unfavourable climatic conditions. The ensemble model seems to predict a stronger fit of some Sahelian 

areas to the tick than the other two models. Ensemble models are very useful in the risk analysis of 

recently introduced invasive nuisance species, as they may not yet have spread to all suitable habitats, 

making species-environment relationships difficult to establish. Ensemble species distribution models 

are very interesting in that they combine the strengths of several environmental species matching models 

while minimising the weaknesses of any one model (Abrahms et al., 2019; Stohlgren et al., 2010). 

According to the ensemble model, the risk of having the tick in some parts of the Sahel is not negligible. 
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In some Sahelian countries, there are areas such as permanent water points that could provide conditions 

for the tick to establish itself, especially when the species is known to be highly invasive and adaptive. 

The valleys of perennial rivers also represent biotopes that can favour the emergence of the tick as they 

are very frequented during the dry season by herds in search of water and pasture. These biotopes exist 

in parts of the Sahel. 

The importance of this study is that it provides a broader view of habitat suitability for R. microplus. It 

allows decision-makers in West African countries to have a better idea of the level of suitability of their 

area for the invasive tick.  It is a tool to identify areas where the particular emphasis should be placed 

on raising awareness among livestock stakeholders. In areas that are favourable to the tick and not yet 

infested, emphasis should be placed on measures to prevent its introduction.  In suitable areas where the 

tick has already established itself, it will be necessary to raise awareness of the measures to be taken to 

limit its spread and eventually its eradication. This study will serve as a tool to assist in the development 

of sub-regional and local control plans to ultimately control the R. microplus tick and consequently the 

pathogens it transmits. The direct consequence is the improvement of food security as the cattle herd 

will be rid of the vectors and parasites that were negatively impacting its development. Good knowledge 

of the high or low-risk areas for the establishment of ticks allows for careful management of the financial 

resources dedicated to vector control and their pathogens. 

 

Economic impact of ticks’ infestation in two West African countries (Benin and Burkina Faso) 

cattle herds 

The objective of study 5 was, in addition to highlighting the cattle population at risk from ticks and tick-

borne diseases, to assess the economic impact of these ticks on farmers in the area. Estimating this 

impact is of primary importance and should help raise awareness among all stakeholders to engage them 

in the implementation of prevention/control strategies against ticks and TBD.  

A study by (Ouedraogo et al., 2021) showed that all investigated municipalities in the eastern region of 

Burkina and northern Benin were infested with ticks but to varying degrees. The distribution of cattle 

that are hosts to ticks also shows that the herd at risk of tick infestation and tick-borne diseases. This 

herd is not negligible and is spread evenly throughout the communes of the study area. The simultaneous 

presence of ticks (obligate parasites) and their hosts in the same environment allows the development 

of the ticks' life cycle and their multiplication. If nothing is done to break this parasite-host cycle, the 

consequences will be disastrous given the damage that ticks cause to livestock. 

A deterministic model was performed to estimate the economic impact of ticks and tick-borne diseases 

and to analyse the benefit of treatment strategies. The model was developed both with data collected in 

the field and with data already published in other papers.  

Tick-borne diseases, therefore, cause more economic damage than ticks directly. The same is true for 

milk production losses. Even if the cost of milk production losses is not very high compared to the losses 

due to mortality and meat production, it can be seen that they are more due to tick-borne diseases than 
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to ticks directly. It should be noted that these losses are underestimated because several variables have 

not been taken into account in the model due to a lack of data. These include, for example, teat losses. 

Teat loss results from the mechanical effect of the long rostrum of the ticks which creates wounds in the 

udder. These wounds become infected and lead to the loss of one or more udder quarters, resulting in 

reduced milk production. 

Overall the economic losses caused by ticks and tick-borne diseases in a herd during a year amount to 

about 931 euro. This loss per herd was higher than the average GDP per capita in the two countries 

(Benin and Burkina) for the year 2019, which amounts to 825 euros (World Bank and OECD, 2019). A 

loss of this value is very important in an area where the economy is based on the primary sector in 

general and livestock and agriculture in particular.  

This situation calls for a strategy based on a control programme for ticks and TBD. In addition, an 

epidemiological survey in the area revealed a lack of national strategies for the control of ticks and TBD 

diseases in both countries. Overall, farmers have individual strategies depending on the acaricides and 

pathogen control products available on the market (veterinary pharmacy and black market) (Zannou et 

al., 2021b). 

Following the different strategies identified in the field and according to the recommendations of the 

different veterinary drug producers, we have developed six control scenarios against either ticks alone 

or ticks and pathogens. 

These six scenarios range from treating only one-third of the herd with acaricide to treating the entire 

herd plus a preventive treatment against transmitted diseases. The treatment becomes more expensive 

when going from the one-third of the herd scenario to the full treatment. However, the ratio of production 

loss to treatment cost in each scenario is always greater than one. This information claims for a benefit 

to treating animals. It remains to find the right strategy adapted to each environment depending on the 

ticks and pathogens present.  

Since ticks are vectors of pathogens, good tick control directly involves pathogen control. An experiment 

should be conducted to validate the scenario that will allow the control of all tick species present in the 

area to hope to control the transmitted pathogens at the same time. In the case of this study, the scenario 

in which the whole herd is treated with acaricides only seems very interesting. It remains to experiment 

with its validation. Epidemiologically, eliminating vectors stops the transmission of vector-borne 

diseases. There is no need to spend financial resources on the treatment or prevention of vector-borne 

diseases as long as the vectors responsible are well controlled in this environment. 

The other challenge is the availability and quality of acaricides and pathogen control products. Effective 

acaricides against the species present in the area are crucial for successful tick control. It should be noted 

that the tick R. microplus is the main vector of Babesia bovis and Babesia bigemina. However, this tick 
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is described in several works as resistant to the most widely used acaricides. Our survey in the area 

revealed that to get around the difficulty of resistance of this species or the effectiveness of the products 

available, some farmers frequently overdose. This practice undoubtedly leads to additional costs for 

acaricide treatment. The issue of the effectiveness of acaricides against the tick species present in the 

area remains. The acaricides found on the informal markets are not registered and therefore do not have 

marketing authorisation. Their entry and distribution channels are informal and totally outside the 

control of the authorities. It is a very flourishing trade for the actors involved, but very dangerous for 

animal and public health. These products are of dubious quality and origin. As most of them have shown 

their ineffectiveness on R. microplus, the problem of this species does not yet seem to have found a 

solution. In areas of high R. microplus infestation, it would be advisable to combine acaricide treatment 

with a preventive treatment against babesiosis. This option is included in scenarios 4, 5 and 6 of the 

model. 

Study 5 did not take into account the preventive treatment of Theileria annulata because this strategy 

does not yet exist in the study area. The control of this pathogen could be achieved by good control of 

its vectors which are the ticks of the genus Hyalomma spp (Gharbi, 2006; Gharbi and Darghouth, 2015). 

These tick species have not yet shown a particular resistance to the acaricides used in the area. 

Chemotherapy with theilericides is also available for T. annulata infection but is globally expensive 

(about 33$ for parvaquone and buparvaquone based products). It should be noted that there is a 12% 

failure rate with a risk of mortality due to post-treatment complications (Gharbi and Darghouth, 2015). 

This type of treatment cannot be recommended in the context of livestock farming in the study area. 

Other limits of study 5 are the unavailability of data on losses due to leather depreciation caused by tick 

damage. Heavy infestations of long-rostrum ticks (Amblyomma spp and Hyalomma spp) often create 

physical damage to the hides of infested cattle and depreciate their value in leather goods. 

Dermatophilosis, which is favoured by a heavy infestation of the tick Amblyomma spp, leads to total 

degradation of the quality of the hide (Güney et al., 1993; Samuel, 2018; Stachurski, 2000).  Cattle skin 

is highly valued in cooking in this area. This skin is also used in leather goods.   

In perspective, data on the relative abundance and seasonality of each tick species could allow for an 

analysis of the economic impact based on which species cause the most damage to livestock and at what 

time. This will allow spatial and temporal analysis of the cost/benefit ratio.    
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Conclusions and recommandations 
 

The main objective of this thesis was to contribute to the control of the incidence of vector-borne 

diseases, particularly tick-borne diseases. This objective was achieved by taking stock of the different 

models used to model the dispersal of ticks and tick-borne diseases, and the knowledge of farmers about 

ticks and tick-borne diseases and the current practices in the area concerning their control. The aim was 

also to characterise the different transhumance corridors used by Burkinabe transhumant and to develop 

a risk score model for the invasive tick R. microplus in the area. Moreover, a model of the suitability of 

the West African environment for the R. microplus tick was developed and the economic impact of a 

herd's infestation by ticks was assessed using a deterministic model. 

The socio-epidemiological survey revealed that the majority of cattle holders are Fulani and people from 

this social group are the principal managers of the herds of the two countries involved in the study. This 

study enabled us to better understand the perception of cattle holders about ticks and tick-related 

damages on cattle. Cattle breeders demonstrated a high level of awareness on the seasonal tick 

abundance and their main visible effects on cattle such as dermatosis, wounds and teat losses. Tick-

borne diseases did not appear to be well known by breeders. Therefore, sensitization campaigns are 

needed especially on the various diseases transmitted by ticks and the available and suitable treatments. 

This is very important because there are some zoonoses transmitted by ticks (Crimean-Congo 

haemorrhagic fever; ehrlichiosis; babesiosis and rickettsioses) that can represent a real hazard to the 

cattle cattle holders. The survey also permitted us to appreciate the way the cattle holders managed and 

controlled tick infestations in their herds. The principal active substance in the acaricides currently used 

to control the tick infestations in the cattle herds in the study area is amitraz. The majority of the cattle 

holders do not respect the dosage of acaricides when they use them. Unfortunately, more than 50% of 

the acaricides used are provided by the unregulated market, where good quality is not guaranteed. This 

highlights a serious problem of the sources of supply of veterinary drugs and their quality that is one of 

the sources of ticks’ resistance noticed nowadays. This study shows also that transhumance (removing 

manually ticks on teats are more difficult) is a risk factor to cow’s teats losses since cows from Burkina 

Faso presented more teats losses than those from Benin. Furthermore, the frequent stays of transhumant 

herds from Burkina Faso in the north of Benin could result in the spread of R. microplus in the eastern 

region of Burkina Faso where this species is not yet found. 

The characterisation of the study area showed that Benin has a better vegetation index, temperature and 

rainfall compared with Burkina Faso even during the dry season. These favourable conditions led to the 

movement of cattle from Burkina Faso to Benin in the dry season. These transhumant cattle herds use 

four transhumance corridors during their displacement through Benin. The eastern region of Burkina 

Faso is not yet known to be infested by R. microplus. However, the probability of infestation of animals 

in this part of Burkina Faso by the invasive tick is not null. Considering its progression in the north of 
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Benin, cattle movements between the two countries and the suitability of some localities in Burkina 

Faso bordering Benin, such an event will certainly occur. Frequent intrusions of domestic cattle in the 

wildlife reserves (Pendjari Park) also represent a high risk of introduction of the invasive tick species in 

wildlife and pathogen sharing. Among wild animals that live in the park of Pendjari, African Buffaloes 

are known to be reservoir hosts to many pathogens. Herdsmen should avoid the meeting of their cattle 

or environment sharing with these animals. A screening of the ticks infesting the potential Rhipicephalus 

microplus host in this reserve is needed. 

The habitat suitability modelling for R. microplus revealed that all the coastal countries of West Africa 

are suitable areas for the R. microplus tick. The southern region of some Sahelian countries (Mali and 

Burkina Faso) also seems favourable, but lesser than coastal areas. This modelling with new variables 

and recent presence data provide a larger view of the suitability of West African areas to the invasive 

tick R. microplus. It would be advisable for the authorities of countries that have not yet detected the 

tick but are in the risk area to take mitigation measures to prevent its introduction.  

Ticks and tick-borne diseases are major constraints to livestock production on all continents and 

particularly in Africa, where they cause significant economic damage. Economic losses are found in 

several types of production, notably milk and meat, and sometimes result in the death of animals. 

Understanding the epidemiology of these diseases is essential for the development of locally appropriate 

control programs. Good knowledge of the particularities of each area coupled with an appropriate cost-

benefit analysis will guide the choice of prevention/control strategies. As Burkina Faso and Benin are 

developing countries and the type of livestock farming practised by the majority of the farmers in these 

two countries is essentially extensive, it is important to find low-cost prevention/control strategies that 

are financially accessible to the stakeholders in the livestock farming subsector. The strategies adopted 

for the prevention/control of the various ticks and tick-borne diseases present will be subject to regular 

evaluation and readjustment according to the evolution of the epidemiological situation. The 

development of a prevention/control strategy should be participatory for all stakeholders from the design 

to the implementation stage. Awareness-raising and training of all stakeholders should be carried out to 

ensure its acceptability and proper implementation. 

At the end of this thesis we make some recommendations as follows: 

For ECOWAS Commission 

 Support the countries of the Sahel in the construction, in areas where it is possible, of permanent 

water points for pastoral purposes to facilitate the watering of livestock in all seasons;  

 Promote the integration of agriculture and livestock; 

 Promote the development of fodder plots and the local manufacture of livestock feed (silage, 

hay, etc.) by livestock farmers and train them to do so; 



Conclusions and recommandations 

 

176 

 

 Facilitate secure access to land for all communities, particularly the Fulani community, who are 

often considered as non-native populations in some areas; 

 Train more veterinary drug inspectors for each country and strengthen the regional fight against 

fake medicines; 

 Promote a better schooling rate for cattle holders to reduce the level of illiteracy of this 

community in the sub-region to improve herd management.  

For research centres 

 Investigate the distribution of native ticks of the subgenus Boophilus in West Africa and model 

their future distribution concerning climate change; 

 Study the future distribution of R. microplus in West Africa concerning climate change; 

 Develop tick and tick-borne diseases prevention/control strategies according to the global 

context of the region, the particularities of the countries with or without infestations and with or 

without suitable habitats for the different tick species; 

 Stimulate socio-anthropological approaches to facilitate the acceptance of prevention/control 

measures by local veterinarians and cattle holders; 

 Develop, validate and disseminate validated treatment protocols against ticks and tick-borne 

diseases. 

For veterinary services 

 Regularly train agents in the identification of the different tick species potentially present in the 

sub-region; 

 Strengthen the diagnostic capacities of laboratories in terms of ticks and tick-borne diseases; 

 Strengthen the network of veterinary surgeries and pharmacies to make accessible and 

affordable veterinary products and services to livestock farmers; 

 Organise regular awareness-raising sessions for livestock farmers on the subject of ticks and 

tick-borne diseases; 

 Develop an awareness campaign on ticks and TBDs taking into account the sociological context 

of the actors involved in livestock management in West Africa; 

 Record all animal encounter points (livestock market, water point, vaccination park, dip tanks, 

transhumance corridor and transhumance grazing area) to improve the tick risk score map; 

 Strengthen health checks on the departure and return of transhumant herds for the early detection 

of new vectors and diseases introductions; 

 Train veterinarians in social relations with the Fulani to improve their intervention in this 

community of herders. 
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For livestock farmers 

 Respect the dosage of acaricide products and avoid under- and overdosing, which could lead to 

resistance or, in the case of overdosing, to health problems if the withdrawal periods are not 

respected;  

 Buy acaricide products from veterinary pharmacies and approved pharmaceutical stores; 

 Avoid self-medication and use the services of a veterinary professional for all animal care; 

 Respect the time limits for reapplication of acaricides as indicated by the veterinarian; 

 Apply quarantine measures to new animals to avoid the introduction of vectors and pathogens; 

 Avoid areas of high tick infestation by contacting the relevant veterinary services; 

 Have the herd monitored by a veterinarian and strictly follow the acaricide treatment protocol 

established by the competent authorities. 
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S1. Survey questionnaire  
Perception - Resistance to acaricides - Role of transhumance in the spread of ticks and tick-borne 

disease  

ID: |__|__|__|-|__|__| Investigator name: ……………………………………  

Date: |__|__|- |__|__|-|__|__| Investigator phone number: ___________________________ 

I – General Information 

I.1. Identification of the farm 

Region:……………………….….  Department: ……………………………….. 

Province/Municipality:………….…..……... Village: …………………………....……. 

Geographical coordinates (dd):    

Latitude  : |__| |__|__|,|__|__|__|__|__| 

Longitude  : |__| |__|__|__|,|__|__|__|__|__| 

Altitude : |__|__|__| m 

I.2. Identification of the responsible 

I.2.1 Herder’s name: ………………………………………………………………………… 

Social group: ………………….Sex: Male  Female     Age: |__|__| 

Principale activity:  Agriculture  ;  Breeding  ;   Other, specify  …………….. 

Secondary activities  : …………………………………………………..…………………… 

Phone number: +|__|__|__| - |__|__|__|__|__|__|__|__| ;  +|__|__|__| - 

|__|__|__|__|__|__|__|__| 

Breeding experience   : ……………Years 

Level of education:   None  ;   Koranic school  ;  Primary  ;  Secondary and more  

I.2.2. Manager’s name: ……………………………………………………………………… 

Social group: …………………Relationship herder-manager: ……………………………. 

Sex: Male    Female     Age: |__|__| 

Principal activity:  Agriculture     Breeding      Other, specify  …………….. 

Secondary activities  : ……………………..………………………… 

Phone number: +|__|__|__| - |__|__|__|__|__|__|__|__| ;  +|__|__|__| - 

|__|__|__|__|__|__|__|__| 

Breeding experience: ……Years ;           Seniority in the holding: ……Years 

Level of education: None    Koranic school   Primary     Secondary and more  

I.2.3. Cowherd’s name: ……………………Relationship cowherd-herder: ………………. 
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Social group:       Fulani      Mossi   Other, specify   ……………….…………. 

Paid   Family management   

Phone: +|__|__|__| - |__|__|__|__|__|__|__|__| ;         +|__|__|__| - 

|__|__|__|__|__|__|__|__| 

Breeding experience  : ……Years       Seniority in the holding: ……Years 

Level of education: None     Koranic school    Primary       Secondary and more  

I.3. Information on the herd and the farming method 

I.3.1. Herd size: |__|__|__| 

I.3.2. Cattle breed (specify number) 

Bos taurus indicus …… Bos taurus taurus ……  Cross with Bos taurus indicus and Bos taurus 

taurus  ….. Cross with exotic breed ……. Other …...... 

I.3.3. Other species raised in the farm ? 

No  Yes  How many? Sheep|__|__| Goat|__|__| Poultry|__|__| Dog|__|__|other:….|__|__| 

I.3.4. When was the last arrival of a new animal in your farm? |__|__|-|__|__|-__|__|__|__| 

Origin(specify): ………………………………………………………………………………... 

I.3.5. Which breed (s) did you introduce ? 

N’dama  ; Borgou  ;  Lagunaire  ; Somba  ; Mbororo  ; Goudali/Fulani  ; Holstein  ; 

Girolando   ; Métisse Montbéliard  ; Zébu  ; Crossed breed (specify)   ; Others (specify)  

 …………./…………../……………/……………/………… 

I.3.6. If introducing animals from another country, specify the origin: ………………… 

1.3.7. What is the type of production in your farm? 

Milk   ; Meat  ; Milk and meat  ; Leather and skin  ; Other, specify  …………… 

I.3.8. Infrastructures available  

Presence of enclosure:  Yes     No     

If yes , Wooden park   Park with one or two barded wire    Park with more than two barded 

wire   Mobile park  ; Fixed park   Covered cowshed  Corridor of contention  

I.3.9. Feeding mode:  

Free grazing    Private pasture     

If there is free grazing, what is the normal time of: 

Departure: |__|__|: |__|__|   Return: |__|__|: |__|__| 

Confinement     Pasture and confinement     

In confinement do animals receive a complement? 

Yes  No      Pasture rotation  
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If there are pasture rotations, when do they occur? Rainy season  Dry season  

I.3.10. Does the flock go for transhumance 

No    Yes  

If yes, what was the last destination:  ………… Intern Trh.  Transboundary Trh.   

Month of departure: ………………………………………………. 

When do you go for transhumance?     Rainy season         Dry season             Both  

Do other animals arrive in your area?     Yes     No  

Specify the origin of these animals: …………………/…………………. 

Months of presence in the park (home): from |__|__|-|__|__|-|__|__| to |__|__|-|__|__|-

|__|__| 

I.3.11. Veterinary in charge of the herd’s health 

Does a veterinary follow your herd?              Yes     No  

If yes Private   or Public   

Veterinary docteur        Veterinary technician               Veterinary auxiliary  

Name and First name of veterinary:………………….. / Locality of residence: …………… 

Phone number: +|__|__|__| - |__|__|__|__|__|__|__|__| / +|__|__|__| - 

|__|__|__|__|__|__|__|__| 

II – Tick perception and resistance of ticks to acaricides by breeders 

II.1. Types of ticks present in the farm (refer to tick identification sheet) 

Amblyomma variegatum    Name in local language: ……………………………………… 

Rhipicephalus (Boophilus) Name in local language: ……………………………………… 

Rhipicephalus spp   Name in local language: ……………………………………… 

Hyalomma spp   Name in local language: ……………………………………… 

Others    Name in local language: ……………………………………… 

II.2. At what time of the year do you find the following species on animals? (Show the species in a 

box) 

Amblyomma variegatum                Specify periods………..………………/ Unknown  

Rhipicephalus (Boophilus) spp  Specify periods …………….…………/ Unknown  

Hyalomma spp                 Specify periods ………………………./ Unknown  

Rhipicephalus spp    Specify periods ……........….…………/ Unknown  

Others                       Specify periods ……………….………/ Unknown  

II.3. Treatment for ticks control 
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No   Some of animals   All animals  Why? …………………………………………… 

II.4. Treatment applied methods  

Conventional methods 

Manual pulverisation  Acaricidal spray  Pour-on  Pediluvial Dipping tank  Others   

…………………………………………………………………………………… 

Unconventional methods 

Manual removal     Plants (Collect specimens if present) ; Insecticidal spray    Fumigation 

Drain oil    Cow dung    Other recipe (please specify): ............................. 

II.5. Frequency (Treatment intervals) and number of treatments  

Total number per year  |__|__| (to check) 

Dry season   |__|__|-  Rainy season   |__|__|- 

Small dry season   |__|__|-  Small rainy season   |__|__|- 

II.6. Do you follow a treatment schedule? 

No  Yes  If yes, indicate the main method used (see II.4): ………………………………… 

Indicate the periodicity of the treatments (interval) 

Dry season ......... times / week / month   Rainy season ......... times / week / month 

Small dry season ........ times / week / month  Small rainy season ..... times / week / month 

II.7. Used products 

Product name 

(conventional 

methods) 

Active substance 

Origin Repackaged by who ? 

b
ran

d
 

gen
eric 

reco
n

d
itio

n
ed

 

seller 

b
reed

er 

       

       

       

       

       

II.8- Use of products 

Quantity of product1 ------------: | __ | __ | ml or lid for Quantity of water | __ | __ | liters 

Quantity of product2 ------------: | __ | __ | ml or lid for Quantity of water | __ | __ | liters 

Quantity of product3 ------------: | __ | __ | ml or lid for Quantity of water | __ | __ | liters 
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Quantity of product4 ------------: | __ | __ | ml or lid for Quantity of water | __ | __ | liters 

Quantity of product5 ------------: | __ | __ | ml or lid for Quantity of water | __ | __ | liters 

Sprayer capacity | __ | __ | liters ;                Contents of a sprayer for | __ | __ | __ | animals 

II.9. Respect of the waiting period for the sale 

How long does it take between acaricide treatment and the sale of your animals? 

No delay          between 1 and 4 week (s)            after one month  

II.10. Product storage condition 

Place of storage of the product (specify): ……………………………………………………. 

Do you know if there is an expiry date ? Yes  No (To be checked by the investigator) 

I.9.1. Who does the acaricide treatment of your animals ?  

Herder  ; Person trained for this purpose   ;   Manager:  ;  Cowherd:   

Public veterinary   Private veterinary    Others (specify): …………………….. 

III – Situation of resistance 

III.1. When did you treat your animals for ticks for the last time? 

1. Beginning of DS   2. End of DS   3. Beginning of RS    4. End of RS  

DS: Dry Season  RS: Rainy Season 

5. There is |__|__| days / weeks / months (delete useless mentions) 6. Product used: ------------- 

III.2. What are the observed changes in the product's action? 

Presence of live ticks  ; Rapid reappearance of ticks  ; Presence dead ticks  ; Other (specify) 

………………………………………. 

III.3. Since when are these changes observed 

|__|__| days/weeks/ months/years (delete useless mentions) 

Attitudes adopted: Product change     Increase in dosage       Use of agricultural insecticides   

Do you change products frequently during the year: Yes   No   How many times |__|__| 

III.4. Which tick species are affected by this problem? 

1. All of them    2. Some of them  

3. Species: A. variegatum  R. (Boophilus) spp  Hyalomma spp  Rhipicephalus spp  

Others (Specify) ………………………..………………………  

(Show them in a petri dish or in a tube or pictures) 

III.5. When was the first case of treatment failure? 

|__|__| Month/Year (delete useless mention) 

III.6. Has there been a recent change? 
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1. In the flock (breed, import ...)......................... 

2. Product  (Change of dilution): ; Change in product quality: . Source of the product ; 

Storage conditions ; Application method . Treatment interval  

3. Staff ; 4. General management of livestock ; 5. Other: ................................................. 

III.6. What are the reasons for change: …………………………………………………… 

III.7. Can you mention by year, 3 products affected by treatment failures? 

2015………………………………/……………………………/……………………… 

2014………………………………/……………………………/……………………… 

2013………………………………/……………………………/……………………… 

III.7. Can you mention by year, 3 products concerned by the success of treatments? 

2015………………………………/……………………………/……………………… 

2014………………………………/……………………………/……………………… 

2013………………………………/……………………………/……………………… 

III.9. Has the health of your animals improved or worsened since the product used no longer controls 

ticks? 

Yes    No   No change  

III.10. What did you decide to solve the problem? 

1. Nothing   2. Increase the dosage  3. Increase the frequency of treatments  

4. Change the product  5. Change de product supplier  6. Manual removal  

7. Others  (Specify)……………………………………………………………………… 

III.11. What do your animals risk if you do not treat them? 

1. Injuries   2. Teat losses   3. Dermatoses    

4. Transmission of tick diseases (Specify the local language name)   .............................. 

5. Reduction of milk quantity    6. Abortion    7. Weight loss    8. Mortalities   9.Other  

(Specify) ........ ................................................................................. 

III.12. Are there any cows that have lost teats due to ticks? 

Yes       No           How many    Responsible tick  ------------------------------- 

III.15. Have ticks been harvested from animals in this herd for resistance testing (in this survey)? 

1. Yes  2. No                  If yes, please refer to the Sample Code below: 

___________ ___________ ___________ ___________ ___________ ___________  

IV – Role of transhumance on the spread of ticks 

4.1. Do you practice transhumance?  Yes     No     
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4.2. What is the starting point of this flock (beginning of this transhumance)? 

Country: ________________________________________________________ 

Department / Region: ___________________________________________ 

Locality: ______________________________________________________ 

4.3. What is the destination locality (end of this transhumance)? 

Country: ________________________________________________________ 

Department / Region: ___________________________________________ 

Locality: ______________________________________________________ 

4.4. Can you give us the names of the main localities that are planned to cross during the 

transhumance of the herd that is being followed? 

 

N° Town and village Transit duration 

(days) 

N° Town and village Transit 

duration 

(days) 

1.1   1.7   

1.2   1.8   

1.3   1.9   

1.4   1.10   

1.5   1.11   

1.6   1.12   

 

Identification of samples 

 

N° ID Pot Cattle breed 
Age 

(month) 
Sex 

Blood 

(02) 

Tick 

(02) 

|__|__|/|__|__|__|-

|__|__| 

  M        F    

|__|__|/|__|__|__|-

|__|__| 

  M        F    

|__|__|/|__|__|__|-

|__|__| 

  M        F    

|__|__|/|__|__|__|-

|__|__| 

  M        F    
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|__|__|/|__|__|__|-

|__|__| 

  M        F    

|__|__|/|__|__|__|-

|__|__| 

  M        F    

|__|__|/|__|__|__|-

|__|__| 

  M        F    

|__|__|/|__|__|__|-

|__|__| 

  M        F    

|__|__|/|__|__|__|-

|__|__| 

  M        F    

|__|__|/|__|__|__|-

|__|__| 

  M        F    

(order number / Survey ID- Country ID) 

NB: Please warmly thank the respondent before taking leave of him. 
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