
DISTRIBUTION AND ABUNDANCE OF TICKS ON CATTLE AND 

ASSOCIATED TICK-BORNE PATHOGENS FROM KILOMBERO AND          

IRINGA DISTRICTS IN TANZANIA 

 

 

 

 

 

 

WALTER SIMON MAGESA 

 

 

 

 

 

A DISSERTATION SUBMITTED IN FULFILMENT OF THE REQUIREMENTS 

FOR THE DEGREE OF MASTER OF SCIENCE IN ONE HEALTH MOLECULAR 

BIOLOGY OF SOKOINE UNIVERSITY OF AGRICULTURE.  

MOROGORO, TANZANIA. 

 

 

 

  

 

MAY, 2023 



ii 
 

EXTENDED ABSTRACT 

 

Ticks are a major group of arthropod vectors that transmit pathogens that cause devastating 

diseases in humans and animals. The information on tick infestation and related tick-borne 

pathogens in Tanzania is insufficient.  Therefore, this study was conducted to determine 

tick prevalence and degree of infestation on cattle as well as associated tick-borne 

pathogens, in Kilombero and Iringa districts of Tanzania. A repeated cross-sectional study 

was conducted to collect ticks on cattle in wet and dry seasons from January to August 

2021.  Out of 740 cattle examined, 304 were infested with ticks. In total 1,780 ticks were 

counted on one side of the animal’s body and doubled, whereby a total of 3,560 ticks were 

recorded. A total of 1,889 tick were collected from the infected cattle including 109 more 

tick observed while collecting ticks based on the animal’s posture when restrained on 

ground. Thereafter, ticks were identified morphologically using published morphological 

keys under a stereomicroscope and confirmed using polymerase chain reaction (PCR) and 

sequencing of the mitochondrial CO1 and 16S rRNA genes. The tick-borne pathogens 

were detected using PCR. Fisher’s exact test was performed to detect the difference 

between the proportion of hard tick species and the study areas and season. One-way 

ANOVA was performed to compare mean tick burden between variables (including cattle 

age groups, body condition score and frequency of tick control). Out of 1,889 ticks, 1,377 

fit in the genus Rhipicephalus, 459 in the genus Amblyomma and 53 in the genus 

Hyalomma.  The most prevalent tick species identified were Rhipicephalus microplus 

(48.1%), Rhipicephalus evertsi (16.4%), and Amblyomma lepidum (16.4%). The 

sequencing results of the mitochondrial DNA fragments indicated high nucleotide identity 

(96-100%) with sequences in GenBank and Barcode of Life Database (BOLD) 

(OM974109-OM974112 and OM978262-OM978265). Seasonality results indicate no 

statistically significant difference in the prevalence of tick infestation on cattle during the 
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dry (41.05%) and wet (41.11%) seasons. The DNA of Anaplasma spp. and 

Theileria/Babesia spp. were detected in (70.33%, n=64) of all tick pools. The detection 

rate of both Anaplasma and Theileria/Babesia spp. was high in Amblyomma lepidum 

(25.00%, n=16) followed by Rhipicephalus evertsi (23.44%, n=15) tick pools. The results 

showed high tick prevalence and abundance on cattle suggesting increased risk of tick-

borne disease transmissions and reduced animal production and productivity. Therefore, 

tick infestation in the study areas highlight the need for strategic tick control approaches. 
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CHAPTER ONE 

  

1.0 GENERAL INTRODUCTION 

1.1 Background 

Ticks are one of the most important arthropod vectors and reservoirs for a wide variety of 

pathogenic agents such as viruses, bacteria, fungi, protozoa and nematodes, which can 

cause diseases in human, livestock and wild animals (Kerario et al., 2017; Chiuya et al., 

2021). Ticks are considered the second only after mosquitoes as worldwide vectors of 

medical and veterinary importance (Ćakić et al., 2014; Wikel, 2018; Tan et al., 2021). 

Ticks are obligate blood-feeding ecto-parasites of mammals, birds and reptiles throughout 

the world, with different species of relevance regionally. All stages of the tick 

developmental cycle (larva, nymph and adult) are parasitic on vertebrates. Ticks transmit 

diseases that lead to extensive economic loses to resource-poor farming communities 

especially in tropical and subtropical regions where almost 80% of the world’s cattle 

population is reared (Rehman et al., 2017; Wikel, 2018).  

 

Tick-borne diseases (TBDs) such as East Coast fever, bovine babesiosis, anaplasmosis and 

cowdriosis attribute to over 70% of all cattle deaths in Tanzania consequently over TSh. 72 

billion is lost yearly (Kerario et al., 2017; Silatsa et al., 2019b; Raboloko et al., 2020). The 

burden of ticks and TBDs on the economy and livelihood of those involved in the livestock 

industry in Africa remains significant (Raboloko et al., 2020). Many factors have been 

identified to explain the continuous increase in the incidence of ticks and TBDs (including; 

inadequate monitoring and surveillance programs targeting ticks and tick-borne diseases, 

deforestation and human encroachment on wildlife habitats, tick resistance to acaricides 

and climate change) (Nchu et al., 2020). For effective control of ticks and TBDs, 

knowledge on identification of tick species, their abundance and distribution is needed.  
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Livestock farming is one of the major occupations in Tanzania and contributing to food 

security and source of income to farmers. Tanzania has approximately 33.4 million cattle, 

21.3 million goats and 5.7 sheep (URT, 2021). Nearly 90% of agricultural households keep 

livestock of different kinds (URT, 2021). About 95% of cattle populations in the country 

are reared under traditional agro-pastoral and pastoral husbandry systems (URT, 2021). 

The grazing land for these animals is no longer sufficient due to the increased number of 

cattle, other domestic animals and human population. Most of the indigenous livestock are 

widely grazed in grasslands and woodlands and consequently exposed to high risk of tick 

infestation (Mamiro et al., 2016; Kerario et al., 2017). 

 

Ixodid ticks of the genera Rhipicephalus, Hyalomma and Amblyomma are the most 

important and widely distributed species found in many parts of Tanzania (Cumming, 

1999; Kerario et al., 2017). The species included in the three genera are Rhipicephalus 

appendiculatus, Rhipicephalus evertsi, Rhipicephalus bequarti, Rhipicephalus compositus, 

Rhipicephalus hurti, Rhipicephalus interventus, Rhipicephalus kochi, Rhipicephalus 

lunulatus, Rhipicephalus praetextatus, Rhipicephalus pulchellus, Rhipicephalus simus, 

Hyalomma albiparmatum, Hyalomma impeltatum, Hyalomma marginatum rufipes, 

Hyalomma truncatum, Ixodes spp., Amblyomma variegatum, Haemaphysalis leachi and 

Haemaphysalis silacea (Lynen et al., 2007). 

 

Rhipicephalus appendiculatus is a vector of Theileria parva which causes East Coast fever 

(ECF) in cattle (Swai et al., 2006), Rhipicephalus ticks also transmits pathogens causing 

Boutonneuse fever, Lyme disease, and Q fever (Kwak et al., 2014).  Amblyomma 

variegatum is of great veterinary importance because it is a competent vector of Ehrlichia 

ruminantium, that cause cowdriosis (Heartwater) and triggers the growth of severe 

dermatophilosis, caused by Dermatophilus congolensis (Kerario et al., 2017). Amblyomma 
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variegatum has also been proven to be a vector of Crimean Congo hemorrhagic fever 

(CCHF) virus (Gonzalez et al., 1991; Akuffo et al., 2016). CCHF virus has been isolated 

from adult A. variegatum from cattle in Senegal (Nemes et al., 2004), Nigeria and other 

countries in close proximity to Tanzania like Uganda and Kenya (Hoogstraal, 1979; Ikpeze 

et al., 2011). Rhipicephalus microplus is known to be a good vector of highly pathogenic 

Babesia bovis. In addition, R. microplus and R. decoloratus are of extreme veterinary 

importance as they are vital carriers of Babesia bigemina and B. bovis, that causes bovine 

babesiosis. The two are also carriers of Anaplasma marginale causing bovine 

anaplasmosis. Rhipicephalus evertsi transmits B. bigemina in cattle (Kerario et al., 2017). 

Hyalomma rufipes is also known to transmit A. marginale (Kererio et al., 2017), and in 

addition, the species is a good vector of Theileria annulata and Babesia occultans. 

Hyalomma rufipes has been reported to be vector for the viruses of Bunyaviridae family 

including; Tete and Matruh in Egypt and CCHF virus in Senegal and Nigeria, and Dugbe 

virus in Nigeria (Hoogstraal, 1979). This tick is also a vector of Rickettsia conori causing 

boutonneuse fever (Hoogstraal, 1979).  

 

Factors that may have a considerable impact on the tick distribution and abundance 

include: the increase in the human population and domestic animal hosts, environment 

variations in vegetation and change in climatic conditions, agricultural activities, increase 

in tick control programs and their successfulness (Kerario et al., 2017; Rehman et al., 

2017; Nchu et al., 2020). 

 

Studies aiming at quantifying and identifying tick species in Tanzania are still limited. 

Published studies related to tick species composition have been conducted in Ngorongoro 

(Lynen et al., 2007), Iringa, Maswa (Kwak et al., 2014), Mvomero (Emmanuel et al., 

2012), Rufiji (Mamiro et al., 2016), Mara, Singida, and Mbeya (Kerario et al., 2017). 
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Nevertheless, their data are limited to morphological characteristics. This study sought to 

provide molecular information on tick species collected at selected areas of Kilombero and 

Iringa districts of Tanzania. Molecular data on Ixodidae ticks are of value to farmers and 

other stakeholders as information about the distribution, burden and species diversity 

present in the area and their seasonal variation. Data from this study will contribute to the 

national livestock sector development goal and be used to formulate rational control 

strategies of ticks and TBDs in Tanzania. 

 

1.1.1  Classification of ticks 

Ticks are members of the phylum (Arthropoda) of the animal kingdom. However, within 

this phylum, ticks and their allies are grouped into subphylum Chelicerata based on the 

presence of anterior pair of Chelicerae used for grasping, piercing, cutting and other 

functions associated with food gathering and feeding (Cupp, 2019). Ticks are thus more 

closely related to spiders and scorpions than insects and are therefore placed into class 

Arachnida within subclass Acari. Acarines are characterized by the extreme fusion of body 

segments, in contrast to the known three body segments head, thorax and abdomen in 

insects (Oliver, 1989). Ticks comprising the suborder Ixodida are joined with a related 

suborder of mites and placed within the order Parasitiformes. Within the suborder Ixodida, 

there are three tick families including Ixodidae, Argasids and Nuttalliellidae making up the 

superfamily Ixodoidea (Oliver, 1989). 

 

Ticks thus belong to three different families; the majority of tick species belong to the two 

main families: Ixodidae (Hard ticks) and the Argasidae (soft ticks) (Hoskins, 1991). 

Argasid ticks are often called soft ticks because they do not have hard plates on their 

bodies while, Ixodids with these plates are called hard ticks (Cupp, 2019). The two main 

families of ticks not only have different life cycles but also, they have many morphological 
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features that clearly distinguish them. The third family is Nuttalliellidae presented by only 

a single species Nuttalliella namaqua which is found in Namaqualand in South Africa and 

some parts of higher rainfall areas of Tanzania (Oliver, 1989). It is of minor medical and 

veterinary importance (Hoskins, 1991). 

 

Ixodid ticks of all life stages possess a sclerotized scutum and an apically located 

gnathosoma. The other important structures on the ventral side are anus, anal grooves, 

adanal plates, and respiratory spiracular plates in the nymphs and adult ticks (Walker et al., 

2003).  They slowly feed for several days to weeks because their body wall needs to grow 

before it can expand to take a very large volume of blood meal (Jongejan and Uilenberg, 

1994). In contrast, soft ticks do not possess a scutum, their prognathous mouthparts are 

located anterioventrally and they have a leathery integument that can expand rapidly 

allowing nymphs and adults to engorge within  few hours (Cupp, 1991; Estrada-Peña, 

2015). Ixodid ticks secrete excess water derived from a blood meal back to the host via 

their salivary glands, while soft ticks use their specialized ultrafiltration organ on the coxae 

(Estrada-Peña, 2015).  

 

The Ixodidae is the dominant tick family, with respect to number of species and their 

medical and veterinary importance. The taxonomic situation of the Ixodidae has been 

studied in depth, and there is almost agreement on the systematic position of the families 

and genera.  There are at least 900 species arranged in two major groups namely Prostriate 

and Metastriate, consisting of 5 subfamilies and 13 genera (Oliver, 1989).  The genus 

Ixodes have the anal groove surrounding the anus anteriorly hence are called prostriate 

ticks. For the genera Rhipicephalus, Hyalomma, Amblyomma, Haemaphysalis, and 

Dermacentor the anal groove surrounds the anus posteriorly thus they are called 

metastriate ticks. The family Ixodidae comprises approximately 80% of all tick species, 
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including the species of greatest economic importance (Jongejan and Uilenberg, 1994). 

The family Ixodidae contains the genera Ixodes, Rhipicephalus, Hyalomma, Amblyomma, 

Haemaphysalis, and Dermacentor (Guglielmone and Nava, 2014; Estrada-Peña, 2015).  

 

At least 79 tick species have been identified and documented in East Africa of which some 

have little or no economic importance (Cumming, 1999). The basic information on 

distribution of various tick species in Tanzania was provided in the extensive tick surveys 

conducted in 21 regions of Tanzania between 1955 and 1961 (Mamiro et al., 2016; Kerario 

et al., 2017). Previous studies showed that Amblyomma variegatum and Rhipicephalus 

appendiculatus represents the most catholic species in Tanzania (Lynen et al., 2007). 

 

1.1.2 Ixodid tick feeding and life cycle 

For the development and adoption of effective tick control strategies, understanding the 

ticks feeding biology and their life cycles is very important. The feeding of ticks makes 

them of importance in the health of domestic animals, humans and wildlife. During blood 

feeding ticks may transmit pathogens to their host, injuring the skin, causing irritation and 

pain and sometimes causing poisoning (Kiszewski et al., 2001; Latif and Walker, 2016).  

 

1.1.3 Life cycle of Ixodid ticks 

All ticks have four life cycle stages, the embryonated egg, motile larva, nymph and adult. 

All Ixodid ticks are oviparous and have a single nymphal stage in contrast to the several 

nymphal instars of the Argasids (Oliver, 1989; Estrada-Peña, 2015). Ixodid tick lifecycles 

are classified into 3-, 2- or 1- host tick based on whether the moulting of larvae to nymph 

and nymph to adult occurs off or on host. Ixodid ticks exhibits questing behaviour when 

seeking host by crawling onto vegetation, waiting until activated by sensing host vibrations 

or other stimuli, then spreading their first pair of legs containing Haller’s organ, and 
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waiting to attach to the host as it passes by (Estrada-Peña, 2015). This type of ambush and 

the behaviour of waiting on vegetation is called questing (Latif and Walker, 2016). 

 

Three-host tick life cycle may take six months to several years making it slows (Walker et 

al., 2014). Most Ixodid ticks require three individual hosts in their life cycle. In this life 

cycle each active stage repeats the pattern of host-seeking, feeding and off-the-host 

moulting in the environment (Hoogstraal, 1979). Larvae and nymphs of Ixodids feeding on 

mammals usually do so on small to medium sized host species, while the adults engorge on 

large mammals.  Rhipicephalus appendiculatus, Hyalomma impeltatum, H. impressum,         

H. nitidum, H. truncatum and Amblyomma variegatum are some of the examples of three-

host ticks (Hoogstraal, 1979). Rhipicephalus appendiculatus, as the most important tick 

species transmits the protozoan Theileria parva that cause ECF to cattle (Laisser et al., 

2017; OIE, 2020). In Tanzania among the TBDs, ECF is the major cause of cattle deaths 

and costs the government a huge financial resource for its control (Laisser et al., 2017; 

Kerario et al., 2018). The genus Hyalomma can be either three or two-host tick depending 

on the available host species (Hoogstraal, 1979). Some few Ixodids have evolved a two-

host or one-host feeding behavior thus, no longer require multiple hosts (Oliver, 1989; 

Jongejan and Uilenberg, 1994). On the other hand, climatic conditions and diapause may 

delay development, host seeking behavior or even the onset of oviposition, so that only one 

life stage can be completed each year. Furthermore, the duration of the life cycle can 

further be extended up to 3 years due to environmental limitations (Walker et al., 2014).  

 

A two-host life cycle is the one in which the larvae and nymph feed on the same individual 

host and the adult feeds on another host after several days or longer following the nymph 

engorgement and detachment. Some species of ixodid ticks undergoes two-host life cycle 

including, Hyalomma anatolicum excavatum, Hyalomma detritum and Rhipicephalus 
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evertsi. The cycle is almost similar to one-host cycle except that the larvae and nymphs 

feed on the same individual host (Walker et al., 2014). Upon finding a host the adults feed 

and the female drops from the host after engorgement. The female deposits many eggs 

(~2,000-20,000) in a single batch after several days or longer before dying. Ixodid tick 

larvae then undergo a brief inactive period once hatched, during which the body hardens 

and food reserves from the previous stage are digested. The larvae disperse once ready for 

a blood meal and finally position themselves on edges of grass and other types of 

protruding vegetation along their respective host trails and pathways. This positioning 

ensures adequate host contact, which is signaled by sensory organs that distinguish a 

hierarchy of stimuli, including host odors, carbon dioxide, warmth, moisture, interrupted 

light, and mechanical forces. When on host, larval attachment occurs, and feeding begins 

(Cupp, 2019). The host skin provides a warm, humid and optimum microenvironment for 

the fed larvae on the host skin. The developmental process is often quick, (Oliver, 1989; 

Walker et al., 2014; Cupp, 2019).   

 

A one-host life cycle is the one in which all stages remain on the host after the larvae 

attachment. It is a less common however, occurs in all the Rhipicephalus (Boophilus) and 

in other genera. In this life cycle, eggs are laid on a physical environment and the female 

adult dies, larvae hatch after several weeks of development and crawl onto vegetation for 

questing. They grab onto the host using their front legs and then crawl over the skin to find 

a suitable place to attach (Jongejan and Uilenberg, 1994; Cupp, 2019). The nymph feeds 

on the same host and remains attached until it moults into adult. The adults have their 

blood meals and change position for mating on the same host. Therefore, all the three 

feedings of any individual one-host tick occur on the same individual host (Latif and 

Walker, 2016). The one-host tick life cycle is usually rapid, for example, Rhipicephalus 

(Boophilus) may take three weeks for the feedings on one host and two months for egg 
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laying and larval development (Hoogstraal, 1979; Walker et al., 2014). In general, the 

length of tick life cycles are quite variable since they are regulated by seasons, as well as 

complex interactions among photoperiod, temperature, moisture, and availability of 

suitable hosts and mates, acting on the genetic variability of each tick species (Oliver, 

1989). 

 

1.1.4 Reproduction 

Mating in Ixodid ticks takes place on the host, except Ixodes which may mate while on the 

vegetation (Walker et al., 2014). Male ticks remain on the host and tend to mate with many 

females while they are feeding (Walker et al., 2014). However, newly moulted adult 

metastriate ticks are sexually immature thus, gametogenesis only begins during blood 

feeding. Female ticks secrete multiple pheromones that regulates mating in ticks by 

attracting fed males. The males then transfer a sack of sperms to the females. The female 

ticks mate only once, before they are ready to fully engorge with blood. Once have enough 

sperms to fertilize their eggs and fully engorged, the females drop off from the host, lay 

eggs in a suitable physical environment then dies (Kiszewski et al., 2001; Nejash, 2016; 

Latif and Walker, 2016). 

 

1.1.5 Host and habitat 

Ticks have specific species of hosts to which they are adapted. The presence of a suitable 

maintenance host for the reproduction of adult ticks therefore, determines the survival of a 

particular tick population (Lindsay, 1999). Host resistance, behaviour response such as 

grooming and tick attachment success are among other factors influencing the survival of 

ticks (Randolph, 1994). Tick abundance mainly depends on host composition, density and 

abundance. However, the most important component in the physical environment for tick 

survival is climate of which temperature and moisture are the primary factors influencing 
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tick host seeking behaviors in an environment (Randolph, 1997; Kamani et al., 2017). 

These climatic factors, along with the abundance and availability of host, determine the 

seasonality of tick abundance as the host seeking behaviors are consistent with the most 

favorable climatic conditions (Randolph, 1994, 1997; Estrada-Peña, 2015; Kamani et al., 

2017).   

 

When seeking for the host especially during high temperature periods, ticks usually lose 

water and become dehydrated. Ticks thus reabsorb water periodically from a humid 

atmosphere, like from moist leaf litter in the lower vegetation (Randolph, 1994; Estrada-

Peña, 2015). Since many tick species lay eggs in the soil, the soil type and its properties 

like water retention can thus determine the survival and development of their larvae 

(Cumming, 1999). The tick population could consequently be affected by other factors 

such as predators (including birds), frequency of habitat disturbance such as field fire, 

droughts, and floods (Estrada-Peña, 2015). 

 

1.1.6 Distribution and abundance of ticks in Tanzania and their influential factors  

In many parts of the Tanzania where cattle are raised, Rhipicephalus appendiculatus,          

R. microplus, R. decoloratus and Amblyomma variegatum, A. lepidum and A. gemma are 

the most widely distributed ticks (Lynen et al., 2007; Kwak et al., 2014). Under favorable 

condition an extensively studied R. appendiculatus was shown to complete its life cycle in 

three months, but occurrence becomes seasonal where there is a noticeable dry season 

(Randolph, 1994). The pattern of seasonal occurrence is regulated by the unfed adult ticks, 

which enter diapause and do not engage in host seeking until the start of the rainy season. 

Several overlapping generations are completed annually in areas where the rainfall is 

evenly spread through the year. However, there is no clear pattern of seasonal abundance 

evident (Randolph, 1994). 
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In a study conducted in Rufiji district, Rhipicephalus microplus and R. evertsi have been 

observed on cattle during dry and rainy season (Mamiro et al., 2016). However, earlier 

studies showed that, R. microplus has extended its distribution range and is now present in 

all northern regions of Tanzania except in extremely cold and dry areas, and that high 

suitability is currently recorded for most of the previously non occupied areas. 

Rhipicephalus microplus occur in areas with an estimated mean rainfall of 58 mm (Mamiro 

et al., 2016). Its steady spread in Tanzania is assisted by its higher reproductive potential 

and most favorable climates which enable it to compete successfully against R. decoloratus 

where they occur together (Walker et al., 2014). Rhipicephalus decoloratus has been 

previously reported in Singida, Mbeya and Mara regions. Its relatively high abundance in 

these regions is explained by its preference for highlands and sub-highlands with an annual 

rainfall of  more than 800 mm (Kerario et al., 2017). 

 

Previous studies indicate that among Amblyomma species, A. variegatum is the most 

widespread species in Tanzania, covering the subhumid and low to high altitude areas of 

the country (Kwak et al., 2014). In contrast, adults of Amblyomma lepidum in Tanzania are 

most abundant between October and February. Infestations begin either shortly before or 

after the onset of the rainy season, but there may be considerable variation in the timing of 

the peak (Walker et al., 2014). On the other hand, A. gemma is most commonly found in 

the arid or semi-arid bushland or wooded and bushed grassland areas with shorter drought 

periods and bimodal rainfall (Lynen et al., 2007).  

 

The other ixodids that characterize tick population in Tanzania include; Haemaphysalis 

leachi, H. silacea, Hyalomma albiparmatum, H. impeltatum, H. marginatum rufipes,        

H. truncatum, H. turanicum, Ixodes spp., Rhipicephalus bequarti, R. compositus,                      

R. sanguineus, R. pravus, R. hurti, R, interventus, R. kochi, R. lunulatus, R. praetextatus,  
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R. pulchellus, R. simus, R. muhsamae, Amblyomma hebraum and A. marmoreum  (Lynen et 

al., 2007; Kwak et al., 2014; Walker et al., 2014; Mamiro et al., 2016; Kim et al., 2018). 

Their abundance varies with time, habitat and agro-ecological zones due to interaction of 

diverse factors such as host diversity and resistance, climate, absence of control measures 

and managerial activities that may affect the host behavior (Kerario et al., 2017). 

 

1.1.7 Seasons and other eco-climatic conditions affecting distribution of Ixodid ticks 

Hard tick abundance and distribution are affected with time, seasons, habitat, agro-

ecological zones. Moreover, various diverse factors like host diversity and resistance, 

climate change, absence of control measures and improper host management that may 

affect host behavior are also known to affect tick distribution (Alanazi et al., 2019). 

Knowledge about tick distribution and species composition provides significant 

information on tick population dynamics, disease transmission dynamics and estimation of 

resistance of different hosts (Salih et al., 2004, 2008). Information on tick distribution can 

be an indicator for the presence of tick-borne diseases circulating in a given agro-

ecological zone (Sorvillo et al., 2020).   

 

The seasonal activity of ticks is characterized by several cycles of ascending and 

descending movements in the vegetation, regulated by temperature and loss of water. The 

energy reserves in ticks, their water retention ability and relative humidity and temperature 

are therefore some of the factors regulating the questing activities and survival of ticks in 

the field (Porretta et al., 2013; Walker et al., 2014; Estrada-Peña, 2015; Randolph et al., 

2016). In the field, the density of questing ticks could be estimated by dragging a white 

piece of blanket or flannel flag over the low vegetation (Perret et al., 2004; Swai et al., 

2006). 
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Ticks may dehydrate during questing but, they rehydrate it by descending at intervals to 

the layer of dead leaves or grass covering the soil where they can reabsorb water vapor 

from the atmosphere and once they are hydrated, they climb the vegetation again (Lindsay, 

1999; Perret et al., 2004). Microclimate, diversity and the availability of the host shapes 

the abundance of ticks, a feature called “phenology” (Perret et al., 2004). Each tick stage 

succeeds definite time of the year, given the specific combination of climate and seasonal 

changes in the host abundance (Estrada-Peña, 2015). 

 

Various studies showed that climate regulates tick questing activities. Most ticks are 

inactive at the lower layer of vegetation before they begin questing. With combination of 

climate and photoperiod the questing process is triggered (Oliver, 1989; Estrada-Peña, 

2015). Photoperiod may act on the moulting stages, activating or delaying moulting until 

more favorable conditions are available. 

 

Many species of ticks are adapted to seasonal variation in climate within their geographical 

range. To the questing ticks, prolonged dry environmental conditions cause serious danger 

especially to the questing larvae which are susceptible to drying out fatality (Oliver, 1989). 

The larvae are cutaneous respires in contrast to nymphs and adults which have specialized 

spiracles to breathe through (Latif and Walker, 2016). The survival of many tick species is 

improved if they have a seasonal cycle which reduces these risks. To overcome the adverse 

effects of prolonged dry seasons, some species of Ixodides have developed a behaviour 

called diapause, a suppression of the host seeking activity in unfed ticks and delays of the 

engorgement of the on-host ticks (Oliver, 1989). 
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Behavioral diapause has been recorded in Ixodes, Hyalomma, Haemaphysalis, 

Amblyomma, Rhipicephalus and Dermacentor (Oliver, 1989; Lindsay, 1999; Porretta et 

al., 2013). For example, R. appendiculatus has developed a diapause mechanism which 

reduces the activity of some parts of the life cycle so that the reproduction of adults is at 

the beginning of the single wet season when humidity is highest (Lindsay, 1999). 

 

1.1.8 Tick identification  

Accurate Ixodid tick species identification from parasitized hosts or from the surrounding 

vegetation is an important factor in the detection and diagnosis of TBDs and is a 

prerequisite for control and likely eradication.  

 

1.1.8.1 Morphological identification of ticks 

The taxonomic key for Ixodid uses important morphological characteristics arranged to 

facilitate identification of the ticks (Hoskins, 1991). This simplified key is useful primarily 

for identifying adult ticks that are of veterinary importance in Africa (Walker et al., 2014; 

Cupp, 2019). The best method for morphological identification of ticks is the dichotomous 

key which provides a series of choices between two or more features of ticks at each stage. 

If each choice is made correctly the key can lead down to a single species. This type of key 

is one of the best methods for identifying tick species from a wide variety that may be 

found on domestic and wild animals in Africa (Latif and Walker, 2016). Ixodid ticks 

infesting cattle in Africa are of many sizes and share some morphological features useful 

for their identification. In the genus Ixodes (prostriate), the anal grove passes to the 

anterior of the anus, while, in all other genera of ixodid ticks (metastriate), the anal grove 

passes posterior to the anus, or is absent (Walker et al., 2014; Cupp, 2019).  
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Amblyomma and Hyalomma are the two genera of large ixodid ticks (approximately 6-7 

mm). They have long mouthparts, which project to the anterior of the body and large eyes. 

These two genera have pale rings on most segments of their legs. Amblyomma spp. have 

very long mouthparts, elongated second segment of palps, they have ornate conscutum and 

scutum, eyes and festoons are present. Amblyomma males may not or have ventral plates 

but when present very small and have banded legs (Latif and Walker, 2016).  

 

Hyalomma have long mouthparts, their second segment of palps is elongated. The scutum 

is pale to dark brown in color, they have convex eyes and festoons. Males have adanal, 

sub-anal and accessory anal plates. They have coxae of first pair of legs with long 

prominent posteriorly directed spurs and banded legs. Males of Hy. albiparmatum are very 

similar to Hy. truncatum except that, they have a central festoon in the form of a large 

white parma. Whereas, in Hy. truncatum the central festoon is not well defined adequately 

to form a parma. Hy. albiparmatum adults feed on cattle, sheep and goats while the 

immature stages of the same feed on small mammals (Madder et al., 2013). The second 

group is the genus Ixodes of medium size ticks (approximately 3-5 mm) with long 

mouthparts that are sexually dimorphic, but no eyes, no festoons, no adanal plates on males 

and plain dark legs. Their coxae I have a large single spur. The anal groove passes anterior 

to the anus (Walker et al., 2014; Latif and Walker, 2016). The third group is the genus 

Rhipicephalus, is also of medium size ticks (approximately 3-5 mm), but with short 

mouthparts and eyes. Its coxae I have large and equal paired spurs. The fourth group, a 

genus of medium size ticks is Dermacentor. The last group is the small sized ticks (less 

than 3 mm), (Boophilus), Margaropus and Haemophysalis, all have anterior and short 

mouthparts and their eyes are small for (Boophilus) and Margaropus or absent for 

Haemophysalis (Cupp, 1991, 2019; Walker et al., 2014; Latif and Walker, 2016).  
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The dichotomous key commonly used for the identification of ticks found on domestic 

animals of Africa is a useful guide for discriminating Ixodid ticks. However, for those 

unfamiliar with the taxa, the Metastriate becomes particularly problematic to discriminate 

and might be misidentified. This problem is often broadened during molecular surveys for 

pathogens or genetic analysis, as the entire immature specimens are often destroyed. 

Therefore, an alternative method for quick and precise identification is needed, particularly 

for confirmation of specimen identification post processing (Anderson et al., 2004).  

 

1.1.8.2  Molecular identification of ticks 

Besides morphological identification, confirmation of tick species in some studies have 

been done using nucleic acid amplification methods targeting barcoding genes as 

molecular markers including; Mitochondrial Cytochrome c Oxidase I (CO1) subunit, 

Internal Transcribed Spacer 2 (ITS2), Mitochondrial Cytochrome b (Cyt B), 16S rDNA, 

and 12S rDNA genes. Mitochondrial and nuclear DNA has been widely used to conduct 

phylogenetic studies (Jizhou et al., 2014a; Rehman et al., 2017). Some studies have 

confirmed that mitochondrial DNA (mtDNA) provides useful markers for species 

identification, genetic characterization and studies of phylogenetic relationships of 

organisms at different taxonomic levels (Chitimia et al., 2010; Caetano et al., 2017; Silatsa 

et al., 2019a; Kanduma et al., 2020). There has been efforts to standardize the molecular 

methods for identification of Ixodid ticks but, no one gene has been formally designated as 

an admitted DNA marker to deal with problems of classification and phylogenetics in 

Ixodid ticks (Gou et al., 2018). 

 

Similar to other arthropods, tick mitochondrial genome has a circular, double-stranded 

DNA structure. The length averages 14 – 16 Kilobases, characterized by low molecular 

weight, high copy quantity and genetic conservation. The differences in length of 
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mitochondrial genomes between ticks may be influenced by gene rearrangement and the 

length of non-cording regions (NCRs) (Liu et al., 2013; Li and Liang, 2018). The genome 

contains a total of 37 genes, including 13 protein-coding genes (PCGs), 2 ribosomal RNA 

(rRNA) genes and 22 transfer RNA (tRNA) genes. Among the 13 PCGs, 9 PCGs (cox1-3, 

nad2, nad3, nad6, atp8, atp6, cytb) are located in the majority strand (J strand) and 4 PCGs 

(nad5, nad4, nad4L, nad1) are located in the minority strand (N strand). To date, 63 

complete ticks mitochondrial genomes are available in National Center for Biotechnology 

Information (NCBI) database, and these genomes have recently become an increasingly 

important genetic resource and source of molecular marker in phylogenetic studies of ticks 

(Wang et al., 2019).   

 

The mitochondrial cytochrome c oxidase subunit 1 (CO1) gene is one of the most common 

markers used for tick molecular systematics. Fragments of this gene are normally used to 

infer phylogenies, mainly the region near the 5’ end, which is used by the DNA Barcoding 

Consortium. The CO1 is one of the building blocks of the cytochrome c oxidase protein. 

The protein is the last enzyme in the electron transport chain, reducing oxygen and 

pumping protons across the inner mitochondrial membrane (Pentinsaari et al., 2016). The 

CO1 gene appears to be an informative molecular marker and thus is a potential tool for 

species identification in Ixodidae. It could be insufficient to use a single mitochondrial 

gene (CO1) for DNA taxonomy thus, there is a need for an integrated approach to combine 

nuclear and mitochondrial genes, morphological characters, and ecological information 

(Gou et al., 2018). 

 

1.1.9 Tick-borne disease of cattle  

Approximately 80% of the world cattle population are affected by the tick-borne diseases 

that are widely distributed in the tropical and subtropical countries (Asmaa et al., 2014; 
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Raboloko et al., 2020). In Tanzania, TBDs cause over 72% of the annual cattle deaths 

(Emmanuel et al., 2012). East Coast fever (ECF) caused by Theileria parva, babesiosis 

caused by Babesia bigemina and B. bovis, anaplasmosis caused by Anaplasma marginale 

and heart water caused by Ehrlichia ruminantium are the most important TBDs of cattle in 

Tanzania (Kerario et al., 2018; Nchu et al., 2020). Only three TBDs namely theileriosis, 

babesiosis and anaplasmosis have been considered for discussion in this study. 

 

1.1.9.1  Theileriosis 

Theileriosis is caused by an obligate intracellular parasite of the genus Theileria. It affects 

both wild and domestic animals, mostly the bovines (OIE, 2020). There are about 15 

species within the genus Theileria, that are capable of infecting cattle and other domestic 

ruminants such as sheep, and goats (Moumouni et al., 2015; Spickler, 2019). However,           

T. parva that causes ECF and T. annulata that causes tropical theileriosis are the only two 

species commonly known to be pathogenic and of economic importance in cattle (OIE, 

2020). Cattle become infected when theileria sporozoites enter into the body via tick saliva 

during blood feed (Namgyal, 2020). The sporozoites then invade lymphocytes and develop 

into schizonts which induce division of infected cells resulting in lymphocytosis.  

 

The schizonts develop into merozoites and invade red blood cells to develop into 

piroplasm (Watts et al., 2016). Piroplasm then infects ticks as they blood feed on cattle. In 

ticks the piroplasm form gamonts which develop into gametes. The gametes fuse to form 

zygote and latter form motile kinete. Sporogony then occurs in the sporoblast to form 

sporozoites in the tick salivary glands. The sporozoites are then secreted from the salivary 

glands into the feeding site, infecting the cattle and the cycle continues (Spickler, 2019). 

The incubation is usually 7-12 days for ECF in experimentally infected animal and 1-3 

weeks for tropical theileriosis (Spickler, 2019). East Coast fever in cattle is characterized 
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by fever, peripheral lymphadenopathy, anorexia, respiratory distress, and in some animals, 

nasal discharge, and diarrhea (Fry et al., 2016). Theileria spp. are transmitted by several 

ixodid ticks of the genera Rhipicephalus, Hyalomma, Amblyomma and Haemaphysalis. 

Theileria parva is the cause of tropical theileriosis, naturally transmitted by                                 

R. appendiculatus and R. zambesiensis and can also experimentally be transmitted by                  

R. evertsi and R. pulchellus (Lorusso et al., 2016). Theileria annulata is transmitted by 

Hyalomma spp. (Fry et al., 2016; Spickler, 2019; OIE, 2020). 

 

1.1.9.2  Babesiosis 

Babesiosis in cattle is caused by an intraerythrocytic protozoan parasite of the Phylum 

Apicomplexa, and genus Babesia (OIE, 2021). Two species of Babesia (namely B. bovis 

and B. bigemina) are known to infect cattle in tropical and subtropical countries (Spickler, 

2019). Cattle become infected through a bite from an infected tick that secretes Babesia 

sporozoites into the blood circulation (Bock et al., 2004). Sporozoites invade red blood 

cells, transform into trophozoites, and then grow and divide into two round or pear-shaped 

merozoites (Namgyal, 2020). The merozoites rupture cells and subsequently infect new red 

blood cells (Bock et al., 2004). The incubation period is often 2–3 weeks or longer after 

tick infestation. (OIE, 2021). Babesia. bovis and B. bigemina are transmitted by                      

R. microplus as the principal vector (Bock et al., 2004; Namgyal, 2020). Transmission of 

the pathogen in ticks occurs both transovarially and transstadially. However, transstadial 

transmission does not occur at all stages (Gray et al., 2019). 

 

1.1.9.3  Anaplasmosis 

Anaplasmosis in the bovine is caused by a Gram-negative, obligate intracellular parasite 

Anaplasma marginale that belongs to the order Rickettsiales, family Anaplasmataceae, 

genus Anaplasma (Kocan et al., 2004; Selmi et al., 2019). There are six known species 
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belonging to this genus, namely Anaplasma bovis, A. ovis, A. marginale, A. centrale,            

A. phagocytophilum and A. platys (Selmi et al., 2019). Anaplasma marginale mostly 

occurs in tropical and subtropical regions, and it has a significant economic effect through 

decreased livestock productivity (Felsheim et al., 2010; Namgyal, 2020). Anaplasma 

centrale causes benign infection with some degree of anemia (OIE, 2018). Once 

susceptible cattle are infected with Anaplasma, the organism multiplies in the bloodstream 

and attaches to the animal’s red blood cells. The animal’s immune system destroys the 

infected red blood cells in an attempt to fight off the infection. Following the process, 

uninfected blood cells are also destroyed (Kocan et al., 2010; OIE, 2018). When the 

number of blood cells being destroyed exceeds that being produced by the body, the 

animal becomes anemic. In cattle, red blood cells are the only known site of infection with 

A. marginale, and the clinical presentation of the disease is marked by severe anemia and 

jaundice without hemoglobinemia (Aubry and Geale, 2011; Namgyal, 2020). To develop 

the clinical signs, it takes 2 to 6 weeks after the animal has been infected (OIE, 2018; 

Namgyal, 2020). Several ixodid ticks from the genera Rhipicephalus, Hyalomma, Ixodes 

and Dermacentor are capable of transmitting A. marginale. Transmission of the pathogen 

in ticks occur only transstadially (Kocan et al., 2010). Transmission in cattle can occur 

mechanically by biting flies and blood contaminated fomites. Cattle of all ages are 

susceptible to A. marginale infection but, older ones (<3 years) are more severely affected. 

Cattle that survive the infection become a lifelong carrier of the pathogen (Whittier et al., 

2009). 

 

1.1.10 Tick-borne diseases transmission 

Ixodid ticks are important vectors for tick borne diseases (TBDs) including rickettsiosis, 

babesiosis, anaplasmosis, heartwater, East Coast fever, Ehrlichiosis and CCHF Worldwide 

(Kerario et al., 2017; Kim et al., 2018). Ixodids of the genera Amblyomma, Rhipicephalus 
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and Hyalomma are the most important and widely distributed species in many parts of 

Tanzania (Cumming, 1999; Kerario et al., 2017). Amblyomma gemma adults usually feed 

on domestic animals such as cattle and camels, but large herbivores such as giraffe and 

buffaloes are the preferred host of this tick species. The tick was considered insignificant 

to the health of domestic animals. However, recent studies have shown that in arid areas it 

is primarily responsible for the maintenance and transmission of a number of tick-borne 

viruses in cattle and human (Sang et al., 2006). 

 

Amblyomma variegatum (commonly known as Tropical bont tick) is an important vector of 

the rickettsia Ehrlichia ruminantium that causes heartwater in cattle, sheep and goats 

(Madder et al., 2013). Amblyomma variegatum has also been implicated as vector of 

Crimean Congo hemorrhagic fever virus (CCHFV), Dugbe virus, yellow fever virus, the 

Ehrlichia bovis causing bovine ehrlichiosis and the protozoans Theileria mutans and 

Theileria velifera causing benign bovine theileriosis as well as Anaplasma spp., causing 

anaplasmosis (Ikpeze et al., 2011; Madder et al., 2013). This tick has also been associated 

with dermatophilosis caused by the bacteria Dermatophilus congolensis. The wound 

caused by this tick and the immunosuppression that occurs after blood feeding, facilitate 

entry of the bacteria into the host skin (Ambrose et al., 1999). Dermatophilosis results in a 

loss of milk production, poor quality hides, weight loss and occasionally death in cattle 

(Ambrose et al., 1999). 

 

Amblyomma lepidum like A. variegatum transmits the rickettsia Ehrlichia ruminantium, 

which causes heartwater in cattle, sheep and goat (Collins et al., 2022), and the protozoans 

Theileria mutans and Theileria velifera which cause benign bovine theilerioses (Tatchell 

and Easton, 1986; Walker et al., 2014). 
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Rhipicephalus appendiculatus (the Brown ear tick) transmits Theileria parva that causes 

East Coast fever in cattle (Kanduma et al., 2016), and different strains of Theileria parva 

that cause Corridor disease. The tick also transmits Anaplasma bovis causing bovine 

anaplasmosis, Rickettsia conorii causing tick typhus in human and Nairobi sheep disease 

virus. There is also remarkable loss of growth of cattle even without any disease 

transmission (Jongejan and Uilenberg, 1994; Kanduma et al., 2016). 

 

Rhipicephalus (Boophilus) microplus (Asian blue tick) transmits Babesia bovis and           

B. bigemina that causes bovine babesiosis (Baron et al., 2018; Silatsa et al., 2019b). 

Babesia bovis infection is acquired by the adults of one generation of ticks and transmitted 

transovarially by the larvae to the next generation. It also transmits Anaplasma marginale 

causing bovine anaplasmosis and Borrelia theileri that causes spirochaetosis (Fyumagwa et 

al., 2009; Madder et al., 2013; Silatsa et al., 2019b; Rojas et al., 2021).  

 

Rhipicephalus (Boophilus) decoloratus (African blue tick) is a one-host tick. The tick 

transmits Babesia bigemina to cattle (Baron et al., 2018). This infection is transmitted only 

by the nymphal and adult stages of the tick after it has passed transovarially from one 

generation to the next. Rhipicephalus decoloratus also transmits Anaplasma marginale to 

cattle and Borrelia theileri, causing spirochaetosis to cattle, sheep, goats and horses 

(Madder et al., 2013; Latif and Walker, 2016). 

 

Rhipicephalus evertsi evertsi (the red legged tick), may play a role in the transmission of T. 

parva to cattle. Studies showed that it can transmit B. bigemina transovarially to cattle. In 

addition to that, stage to stage transmission of Theileria separata to sheep can also occur. 

It also transmits Borrelia theileri that causes spirochaetosis in cattle, horses, sheep and 

goats. The saliva of engorged female tick contains a toxin that causes paralysis, mostly in 
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lambs but it may also affect calves and adult sheep (Madder et al., 2013; Walker et al., 

2014). 

 

Hyalomma rufipes (the bont-legged tick) is a two-host tick which serves as both reservoir 

and vector of CCHF virus, of which additional to its transmission to human through tick 

bite it can be also be acquired through crushing of engorged tick or secondarily through 

contact with body fluids. However, domestic animals or patients with CCHF (Alsarraf et 

al., 2017; Sorvillo et al., 2020) are the principal source of human infection with CCHF 

virus (Chitimia et al., 2019; Spengler et al., 2019).  

 

Hyalomma spp. transmits Anaplasma marginale causing bovine anaplasmosis, Rickettsia 

conorii causing tick typhus in humans and Babesia occultans that causes benign babesiosis 

in cattle (Chitimia et al., 2019; Bellabidi et al., 2020). The feeding of adults of this tick on 

cattle causes large lesion at the attachment sites, leading to the formation of severe 

abscesses due to secondary bacterial infections (Madder et al., 2013). On the other hand, 

Rickettsia conorii have been successfully isolated from Hyalomma albiparmatum a three-

host tick (Heisch et al., 1962). 

 

Although Hyalomma species are not usually involved in the transmission of main 

pathogenic species of Babesia such as; B. bigemina, B. bovis and B. divergens, recently 

few genetically distinct Babesia like Babesia U spp., Babesia spp. Kashi 1 and 2, Babesia 

spp. Kayseri 1, Babesia spp. CS58, Babesia spp. Hy, B. beliceri and B. ocultans have been 

recorded from Hyalomma spp. (Kumar et al., 2020). 
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1.1.11 Tick control methods 

Tick control is treatment that reduces exposure of livestock to the target ticks within a 

specific area and time (Walker, 2011). Tick control is critical for the mitigation of the 

direct and indirect effects of ticks on livestock productivity (Jongejan and Uilenberg, 

1994). There are many tick control approaches such as the use of chemical acaricides, 

selection of genetically-resistant breeds and anti-tick vaccines, but there is no single 

approach that could be considered as a stand-alone solution (Willadsen, 2006). 

 

1.1.11.1 The use of acaricides in tick control 

The conventional method for tick control is the treatment of animals by dipping or 

spraying with acaricides. Spraying can be performed using motorised spray-races or hand-

sprays. Of the tick control methods, direct application of chemical acaricides to host 

animals still remain to be the most commonly used method for controlling ticks on 

livestock (Jongejan and Uilenberg, 1994). Acaricides are efficient and cost effective when 

used correctly. However, acaricides can have some negative impacts, such as the potential 

resistance of ticks to acaricides, residues in food products including milk and meat as well 

as the harmful effects on human, animals and the environment (Willadsen, 2006). An 

acaricide is acceptable when has an efficacy of ≥ 95% as per the government of Tanzania 

regime (Emmanuel et al., 2012). The prolonged use and malpractices during acaricide 

application have been associated with the development of resistance in ticks (Emmanuel et 

al., 2012) and the development of resistance is most common in R. microplus (Malan, 

2015). 

 

1.1.11.2 Host resistance to ticks 

Selection of genetically-resistant host breeds could help in the control of ticks. Host 

acquired resistance to ixodid ticks has been recognized as a possible means of biological 
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tick control. Such immunologically mediated resistance is acquired through subsequent 

repetitive infestations by ticks (Jongejan and Uilenberg, 1994). An improved acquired 

immunity is expressed in terms of minimized number of on-host ticks, minimized 

engorgement weights, and minimized egg and larval production resulting in significantly 

decreased tick populations. Acquiring such host resistance varies with on-host tick species, 

host breed and depending on natural selection of the host animal exposed to the query tick 

species over several subsequent generations (Jongejan and Uilenberg, 1994; Walker, 

2011). Previous studies showed that the Tanzania shorthorn zebu is comparatively more 

resistant to ticks as well as to ECF (Nchu et al., 2020). Differences in the ability of cattle to 

become resistant against ticks, between or within cattle breeds, have been recognized, 

considering that the ability to acquire resistance is heritable (Willadsen, 2006). 

 

1.1.11.3 Anti-tick vaccines 

Anti-tick vaccines minimize the number of engorging female ticks, their weight and 

capability to lay eggs. That means a good vaccination effect is expected to have a 

decreased larval infestation in a following generation (Willadsen, 2006). The likelihood of 

ant-tick vaccine being more complex could be due to a possibility that the method also 

affects the biology of tick-borne pathogen transmission (Willadsen, 2006). In Tanzania 

anti-tick vaccines are not readily available to the farmers. However, in countries where the 

vaccines are available, the existing vaccines have relatively less impact on tick control 

which could be due to a mixture of scientific and commercial reasons. In addition, 

pesticides are readily available, effective, well known to farmers, and are actively 

promoted by the suppliers (Namgyal, 2020). However, if vaccines of greater efficacy could 

be achieved this would lead to greater adoption.  Many years have passed since the release 

of the first R. microplus commercial vaccine based on a recombinant antigen, Bm86 

(Willadsen, 2006). This has been followed by several investigations on related vaccines 
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including BD86, Hd86, Hm86, He86 Hdr86, Haa86 vaccines (Kumar et al., 2020). 

Renewed interest in this strategy has been triggered by the increasing trend in acaricide 

resistance together with advancement in bioinformatics (Nchu et al., 2020). Despite the 

fact that, the Bm86 vaccine uses an antigen from R. microplus, studies showed that it is 

also efficacious against R. annulatus, R. decoloratus and Hyalomma dromedarii but not               

R. appendiculatus (Willadsen, 2006). At present, there are no commercially available anti-

tick vaccines in developing countries including Tanzania and thus dependency on acaricide 

increases leading to the development of acaricide resistant-tick populations (Kumar et al., 

2020; Nchu et al., 2020).  

 

1.1.11.4 Ethnoveterinary medicine and practices 

Ethnoveterinary medicine and practices are based on traditional knowledge that is passed 

from one generation to the next. The practices are widely spread across tropical and 

subtropical African regions and are particularly preferred by small-scale farmers in rural 

areas (Kerario et al., 2018; Nchu et al., 2020). However, cultural practices associated with 

ethnoveterinary practices are not well-documented and thus prone to easy vanishing. In 

East Africa, out of 47 plant species that have been documented as useful for tick control, 

only 14 have been scientifically validated. Experiments aiming at validating the anti-tick 

activities of a variety of ethnoveterinary plants are recommended and should be 

documented (Nchu et al., 2020).  

 

With regards to all these methods, use of acaricides still remains as a primary method of 

tick control in livestock due to their efficient use and availability (Kerario et al., 2018). 

However, the challenge of increasing costs and resistance toward different acaricides could 

become a major future threat to the use of acaricides. An integrated approach involving 

combination of two or more tick control methods is therefore recommended (De Castro, 
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1997; Willadsen, 2006). Developing good understanding of farmers about TBDs and 

effectiveness of the proposed tick control methods could facilitate successful 

implementation of tick control programs (Kerario et al., 2018; Namgyal, 2020). 

 

1.2 Problem Statement and Study Justification 

Ticks and TBDs are still major problems in livestock and human health in Tanzania. Ticks 

harbor and transmit zoonotic pathogens to livestock, wild animals and humans. As the 

transfer of ticks between livestock, wild animals and humans may largely influence general 

tick-borne pathogen transmission; there is a need for studies on distribution, infestation and 

seasonal variation of ticks as vectors. However, there are still limited studies especially in 

Kilombero and Iringa district (Kwak et al., 2014). The existing information on ticks 

infesting cattle was reported in Ngorongoro, Iringa municipality, Maswa, Mara, Singida, 

Mbeya, Mvomero and Rufiji, which were based on morphological characteristics. This is 

the first study in the Kilombero and Iringa district in which molecular methods were used 

to confirm the identified tick species to support morphological identification. This study 

aimed at providing baseline information on the current distribution, abundance and 

seasonal variation of Ixodid ticks infesting cattle in the selected areas using molecular data. 

 

1.3 Research Objectives 

1.3.1 General objective 

The overall objective of this study was to establish the distribution, abundance and 

seasonal variation of Ixodid ticks infesting cattle and pathogens in Kilombero and Iringa 

districts, Tanzania.  
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1.3.2 Specific objectives 

i. To determine prevalence of tick infestation in cattle in Iringa and Kilombero 

Districts.  

ii. To establish seasonal dynamics of Ixodid ticks in terms of distribution, abundance 

and burden in cattle in the study areas. 

iii. To determine occurrence of tick-borne pathogens in ticks collected from cattle in 

the study areas. 

 

1.3.3 Research questions 

i. What is the hard tick distribution and abundance in cattle in Kilombero and Iringa 

districts?  

ii. What are the hard tick species prevailing in the study area?  

iii. What tick-borne pathogens are present in the identified tick species?  
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CHAPTER FOUR 

  

4.0 GENERAL DISCUSSION, CONCLUSIONS AND RECOMMENDATIONS 

4.1  Discussion 

The distribution and abundance of Ixodid tick species infesting cattle in Tanzania varies 

greatly from one area to another. This study aimed to establish the distribution, abundance 

and seasonal variation of Ixodid ticks infesting cattle and pathogens in selected areas of 

Kilombero and Iringa districts of Tanzania and quantifying and identifying Ixodid tick 

species using morphological and molecular techniques.  

 

Tick infestation in animals generally varies with host and geographic factors. The host 

(cattle) factors such as age, sex, body condition and breed can influence the susceptibility 

of animals to tick infestation (Asmaa et al., 2014). Ticks also mostly dependent on 

temperature and rainfall for their development and activities (Estrada-Peña, 2015). Thus, 

the distribution, abundance and seasonal variation of Ixodid ticks infesting cattle and 

pathogens in the study areas were determined.  

 

In this study, R. microplus was found to be the most abundant and have a wide geographic 

range in Kilombero district, and it had a higher proportion during the wet season. It has the 

highest infestation prevalence in the area. Theileria/Babesia spp. was detected in                     

R. microplus tick pools obtained on cattle from Kilombero. Rhipicephalus microplus is an 

important vector for babesiosis and anaplasmosis in cattle (Baron et al., 2018; Silatsa et al., 

2019b). It is one of the most predominant tick species infesting livestock in Tanzania 

(Kerario et al., 2017). Rhipicephalus evertsi and A. lepidum were the most abundant and 

have a wide geographical range in Iringa district. They have higher proportions during the 

dry season and also have higher infestation prevalence in the area. Pathogen detection rate 
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was higher in tick pools from Iringa whereby R. evertsi and A. lepidum have shown the 

highest pathogen detection rates.  

 

The small difference on mean tick burden between Iringa and Kilombero district could 

probably be due to similarities in agroecological setting and animal health practices in the 

two districts. The higher tick infestation 14.53 ± 1.71, observed in Iringa district during the 

dry season could be attributed to the higher tick species diversity and the significantly 

higher number of Amblyomma lepidum and Rhipicephalus evertsi observed in the area 

during the dry season. Furthermore, the difference in climatic conditions, low temperature 

range (20-25°C), relative humidity and higher elevation (900-2300 m) above sea level in 

Iringa district could be the factors that have resulted in high tick infestation during the dry 

season. The tick distribution and abundance in Iringa district could also be related to 

factors such as hosts available, microclimate, grazing habits, cattle management and other 

unknown factors which affect the development and growth of ticks. Ixodid ticks have been 

reported from previous studies conducted on cattle and wild animals from Iringa (Kwak et 

al., 2014; Kim et al., 2018). These findings corroborate with the previous studies, thus 

suggest that ticks in Iringa are mostly found on cattle that live in and around wildlife-

livestock interface bordering the Ruaha National Park (Kwak et al., 2014; Kim et al., 

2018). However, for better understanding, future studies should conduct sampling 

throughout the year, targeting a wider range of hosts including other domestic and wild 

animals (Kemal et al., 2016). The significantly higher mean tick burden 17.30 ± 1.55 in 

Kilombero during the wet season could be contributed to the high abundance of                 

R. microplus in the area. The higher temperature (26-38°C) and rainfalls (1200-1800 mm) 

in Kilombero compared to (20-25°C) and (500-1600 mm) in Iringa during the wet season 

could have favoured the developmental activities of the ticks in the area. This study 

indicates that season coupled with hand spray of acaricides on cattle, environmental and 
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climatic changes could have an impact on tick infestation (Okello-Onen et al., 1999; 

Kerario et al., 2017). A similar observation was reported in Nigeria (Lorusso et al., 2013) 

and Zambia (Simuunza et al., 2011). 

 

The high prevalence of tick infestation observed in male 44.02% compared to female cattle 

39.92% despite the higher number of female cattle examined during this study, suggest that 

female cattle are less likely challenged by tick infestation. Lower tick infestation in female 

cattle may signify that female cattle are more resistant to ticks than males, and this could 

be attributed to testosterone, which reduce innate and acquired resistance to tick feeding 

(Mapholi et al., 2014). Findings have been reported in other studies such as those of 

Hughes and Randolph (2001). The equal challenge by tick infestation to juvenile and adult 

cattle observed in this study could be attributed to the fact that adult and juvenile cattle 

were grazed together in grasslands and bushy areas located far away from the households. 

Similar findings have also been reported in previous studies in Tanzania (Swai et al., 2005) 

and Central Nigeria (Lorusso et al., 2013; Kerario et al., 2017).  

 

The lower mean tick infestation 9.61 ± 0.85 observed in Tarime cattle breed compared to 

14.79 ± 4.41 in other indigenous breeds in this study, could be due to the fact that Tarime 

breed is more resistant to ticks and TBDs than other indigenous (Bos indicus) cattle breeds 

(Laisser et al., 2016). The fact that these cattle were grazed at early stage in life could have 

increased the frequency of contact with ticks at an early stage of life. This reflects the 

confidence that Tarime cattle are naturally resistant to ticks and TBDs similar to reports in 

previous studies in Lake zone, Tanzania (Chenyambuga et al., 2010; Laisser et al., 2016). 

Similarly lower mean tick infestation among other indigenous cattle breeds was reported in 

previous studies (Sajid et al., 2009; Piper et al., 2010; Asmaa et al., 2014). Although the 

mechanism of resistance acquired by indigenous cattle breeds is not fully understood 
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however, it could be attributed to less exposure to ticks and it could be related to frequency 

of contacts with the parasites at an early stage of life, which could help in establishment of 

pre-immunity against ticks (De Castro et al., 1991; Mapholi et al., 2014; Rehman et al., 

2017).  

 

The weak variation in mean tick infestation observed between cattle with different body 

conditions in this study could be due to the fact that the animals walk long distance for 

grazing in the field and kept together at home and as a result all groups are equally exposed 

to tick infestation. Similar findings among cattle health groups was reported in Mbeya 

region, Tanzania (Kerario et al., 2017). 

 

The lower mean tick burden 6.05 ± 0.77, reported on cattle with weekly tick control 

frequency compared to 14.91 ± 2.20, on cattle with monthly acaricide application and 

18.60 ± 2.91, on cattle with unknown frequency of acaricide application could be attributed 

to frequent control of ticks through hand spraying of acaricides. When using hand spraying 

method, the acaricides might not reach the hidden body parts of the animal, as a result not 

all ticks are killed (Kerario et al., 2018). A similar observation was reported in Mara and 

Mbeya regions, Tanzania (Kerario et al., 2017).  

 

The findings of high prevalence of R. microplus in this study is in accordance with studies 

reported from Singida and Mbeya regions of Tanzania (Kerario et al., 2017). This study 

reports the presence of H. rufipes which was not recorded in the previous study in Iringa 

(Kwak et al., 2014). The tick species identified in this study were more abundant and 

distributed in Iringa as compared to Kilombero district. Previous studies have reported 

these Ixodid ticks in cattle and wild animals in Iringa municipality (Kwak et al., 2014). 

The higher abundance and distribution could be attributed to the climatic conditions in the 



52 
 

study areas which favor the reproduction of the tick species. The area is also characterized 

with trees, short shrubs and grass cover which might be favorable for the survival of ixodid 

ticks (Lynen et al., 2007). The higher proportion and wide distribution range of 

Rhipicephalus microplus in the surveyed areas in Kilombero district (Table 5), could be 

attributed to the environmental factor such as climate, temperature and relative humidity in 

the area (Khajuria et al., 2015). Similar findings has been reported in various part of 

Tanzania (Copland et al., 1986; Mamiro et al., 2016) and Zimbabwe (Sungirai et al., 

2018). Previous studies have shown that this tick occurs in humid localities with steppe 

areas that have hot dry seasons (Walker et al., 2014).  

 

The mitochondrial COI and 16S rRNA genes have been used in species identification and 

developing tick phylogeny in Tanzania (Damian et al., 2021), Uganda (Muhanguzi et al., 

2020), and Malaysia (Low et al., 2015; Ernieenor et al., 2020). Both CO1 and 16S rRNA 

have been reported to be suitable markers for tick species identification as compared to 

12S rRNA and ITS2 (Jizhou et al., 2014b; Roy et al., 2018). 

 

The lack of corresponding CO1 gene sequences in GenBank for A. gemma and intra-

species genetic variation could be considered as one of the limitations of the molecular 

approach for tick species identification (Kumsa et al., 2016). Thus, for improvement in 

sensitivity for the A. gemma ticks, further improvement of the database is needed. The tick 

DNA sequence-based analysis for R. appendiculatus and R. decoloratus with CO1 and 16S 

rRNA in this study did not provide conclusive results. This was due to the sequences 

obtained were not of good quality after the purification and sequencing of the PCR product 

and therefore were excluded from the analysis. However, it is believed that the former 

could be a useful alternative to the latter for identification of tick species (Takano et al., 

2014). Similar findings have been reported in previous studies as described by Black and 
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Piesman (1994). Failure to obtain clear sequences from the R. appendiculatus and                     

R. decoloratus from this study was surprising considering that CO1 and 16S rRNA are 

conserved regions across Rhipicephalus spp. However, these results could be due to                 

co-amplification of different copies of the CO1 and 16SrRNA gene which could be due to 

intraspecific variation as it has been reported for various species of Ixodid ticks (Kanduma 

et al., 2016). It is therefore recommended to consider a whole mitochondrial genome 

analysis or the use of different DNA barcoding genes from multiple conserved regions 

such as 12S rRNA, 18S rRNA, CytB and ITS2 for their identification (Kanduma et al., 

2020). 

 

In reference to this study, there is a worldwide development of DNA barcoding databases, 

such as the Barcode of Life Database (BOLD) system (Ratnasingham and Hebert, 2007). 

Therefore, further studies for updating the DNA database would be beneficial to the public 

health for control of ticks and TBDs (Takano et al., 2014). 

 

The overall high pathogen detection rate 70.33% (Table 3.1), on tick pools in this study 

suggest that cattle from the study areas in which the tick were collected may serve as 

reservoir for the detected pathogens. Findings from this study agree with findings from 

previous studies in Tanzania, Kenya and Italy, which have revealed the existence of 

Anaplasma, Theileria and Babesia spp. from various ecologies (Georges et al., 2001; Kim 

et al., 2018; Oundo et al., 2020; Chiuya et al., 2021). The higher pathogen detection rate in 

Rhipicephalus evertsi and Amblyomma lepidum tick pools (Table 3.1), in this study could 

be attributed to the high number of tick pools tested and the larger number of ticks in their 

particular pools. Moreover, the interaction between livestock and wild animals might have 

contributed to the high pathogen detection rate on tick pools from Iringa considering the 

richness of the competent vectors at the wildlife-livestock interface ecosystem around 
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Ruaha National Park. Similar findings have been reported from previous studies in Kenya 

(Okal et al., 2020) and Botswana (Raboloko et al., 2020). Rhipicephalus evertsi is known 

to transmit Babesia bigemina in cattle (Kerario et al., 2017). Both Anaplasma and 

Theileria/Babesia spp. DNA were detected in Hyalomma rufipes tick pools. This tick 

species is known to transmit A. marginale, that cause anaplasmosis in cattle. Moreover, it 

transmits Theileria annulata and Babesia occultans (Ikpeze et al., 2011). 

 

4.2  Conclusions 

This study reports the presence and distribution of ticks in cattle. It indicates the current 

problem of ticks in cattle in Kilombero and Iringa districts as ticks were abundant and 

widely distributed in all the study areas. Rhipicephalus microplus, R. evertsi and 

Amblyomma lepidum were among the most predominant ticks. This study reports high 

pathogen detection rate in tick pools in from study area. Findings from this study reflect 

the presence of TBDs in the study areas that require further study on TBDs distribution and 

characterization. Molecular data on ticks collected from the study area will become a 

reference for tick taxonomy confirming morphological identification as well as provide 

some data that could be used in their systematic classification. Our findings on the 

presence and diversity of tick species in the two districts will help in contributing to future 

studies and can be used as a baseline for subsequent tick studies in the study area and other 

parts of Tanzania. 

 

4.3  Limitations of the study 

This study only reported tick infestation in cattle and not any other domestic animals in the 

study area. The study was limited to only eight months and could not cover several seasons 

of the year to include quite a few dry and wet seasons for good comparison of the 

seasonality findings. Rhipicephalus appendiculatus and R. decoloratus were successfully 
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amplified by PCR but their sequence analysis was not successful due to bad sequence 

quality. Because of the limited resources and shorter duration of the study, only three 

TBDs were detected and discussed. The PCR detection of Tick-borne pathogens DNA in 

the tick pools from the study areas were not confirmed by sequencing. 

 

4.4  Recommendations 

The tick species identified in the study areas deserve serious attention at all levels in order 

to minimize the spread of tick infestation and tick-borne pathogens to improve animal 

health and livelihood. Further longitudinal studies using larger sample sizes of livestock 

and wildlife that could contribute to improve ticks and TBDs control in the study area and 

to determine whether the tick species identified in the current study are stably or 

momentary in place are highly recommended. Furthermore, studies on tick species 

diversity and distribution would help to improve the understanding of disease dynamics 

which is perquisite for control measures of tick and TBDs in the study area and other parts 

of Tanzania. Even though there are some limitations to this study, as mentioned above, the 

findings from this dissertation have led to the development of the following 

recommendations.  

i. To conduct active tick surveillance in domestic animals. This will enhance the 

understanding of the diversity and distribution of tick species infesting cattle 

national wide. It will also provide more information on predominant tick species 

infesting cattle and other domestic animals in the study areas, and subsequently, 

tick prevention and control efforts can be targeted towards a particular tick species.  
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ii. To conduct tick surveillance in wildlife and environment to determine the tick 

species, present on wildlife and the role that these wildlife play in the maintenance 

and spread of ticks in the study areas. This will also inform the risk of TBDs at the 

interface of wildlife, domestic animals, and humans. 

 

iii. To understand tick distribution and seasonality in cattle and other domestic 

animals, and the variations among different regions in Tanzania. This information 

can be used to determine the timing of tick treatments in different parts of the 

country. 

 

iv. To determine the pathogen diversity across tick species identified from the study 

area to understand the potential vector role these ticks could be playing in the 

transmission of TBDs. Such information will help in informing the risk of potential 

TBDs that can be transmitted to other animals and humans. 
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APPENDICES 

 

 Appendix 1: Images of adult Ixodid tick from cattle in the study areas 
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Appendix 2: Informed concern form 

 

Principal Investigator:     Walter Simon Magesa MSc  

Name of Organization:    Sokoine University of Agriculture (SUA),  

                                      Morogoro, Tanzania 

Title: DISTRIBUTION AND ABUNDANCE OF TICKS ON CATTLE AND 

ASSOCIATED TICK-BORNE PATHOGENS FROM KILOMBERO AND IRINGA 

DISTRICTS IN TANZANIA. 

 

Introduction 

We are from Sokoine University of Agriculture (SUA) and we are studying the 

distribution, abundance of ticks on cattle and associated tick-borne pathogens infesting 

cattle at Kilombero and Iringa districts. The study is financially supported by HALI project 

from SUA. The purpose of this study is to generate baseline information on distribution 

and abundance of Ixodid ticks on cattle and associated tick-borne pathogens in Kilombero 

and Iringa Districts that will complement on designing appropriate control measures for 

ticks and TBDs in the respective study areas and Tanzania at large. There will be no 

money or anything offered to take part in this study. Ticks will be collected from cattle and 

the surrounding vegetation. No human samples will be collected and no administration of 

any drug will be done. The data collected will be used for establishing seasonal dynamics 

of Ixodid ticks in terms of distribution, abundance and burden in cattle and environment. 

Information obtained from this study will also aid in to determine occurrence of tick-borne 

pathogens in the study areas. Furthermore, it will contribute to the national livestock sector 

development goal and will be useful for rational control strategies of ticks and TBDs in 

Tanzania. 
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Confidentiality 

The information that we will collect from this research project will be kept confidential and 

will be stored in a file, which will not have the participants name on it, but a number 

assigned to it. Which number belongs to which name will be kept under lock and key, and 

will not be divulged to anyone except the scientists and representatives of the SUA. 

 

“I have read, understand this information and agree to take part in this study” 

 

Name: Interviewee.........................................Signature..................Date..................... 

 

 

“I agree to abide to the above condition” 

 

 

Name: Interviewer.........................................Signature...............Date....................... 
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Appendix 3: Herd Enrolment form 
 

Data Recorded by: __________________________ 

Date: (d/mm/yyy) ______________________   Time: _____________________ 

Herd ID: ___________                          Phone Number: __________________ 

1. District:  

Iringa (     ) Kilombero (    ) 

Ward:  ____________________ Village:  ____________________  

2. GPS Coordinates: 

Latitude: ____________ Longitude: ________________ Elevation: _____________ 

3. Estimated number of cattle in the Herd: 

1-20 (    ) 21-100 (     ) 101-500 (     ) >500 (     ) 

4. History of the Acaricide use:  

Yes (   )   No (   ) 

5. What measures are taken to prevent ticks? (Check all that apply)  

Dipping (    ) Hand spray (    ) Hand picking (    ) None (    ) Other (   ) (If other please 

specify) 

6. Frequency of tick control 

Weekly (    ) Biweekly (    ) Monthly (    ) Occasionally (    ) 

Individual Animal Data 

Herd ID: ___________ Animal ID: ______________ 

1. Breed of cattle sampled: _____________________________ 

2. Animal Sex: Male (   ) Female (    ) 

3. Animal Age: _______ Months 

4. Body Condition Score: 1-5 (    ) 

5. Total tick count on the animal: _________ 
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Appendix 4: Research clearance permit 
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Appendix 5: Research permit Kilombero District 
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Appendix 6: Research permit Iringa District 

 

 


