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ABSTRACT 

Ticks are economically significant ectoparasites of livestock due to their ability to maintain and 

transmit various pathogens of medical and veterinary importance. Currently, knowledge of the 

diversity of ticks affecting camels in Kenya is scanty. This study aimed to assess the diversity of 

ticks infesting camels and the genetic diversity of Hyalomma tick species, the major tick species 

infesting camels. Adult ticks (n =1517) were collected from one-humped camels (Camelus 

dromedarius) from five counties in Kenya at the Athi-River abattoir and identified to the species 

level using taxonomical and molecular methods. Ticks comprised three genera (Rhipicephalus, 

Hyalomma, and Amblyomma). Rhipicephalus pulchellus was the most abundant tick species (n 

=739; 48.71%), while Hyalomma albiparmatum (n = 11; 0.73%) was the least abundant. Other 

tick species included Hyalomma rufipes (n = 306; 20.17%), Amblyomma gemma (n = 201; 

13.28%), Hyalomma dromedarii (n = 97; 6.39%), Hyalomma truncatum (n = 70; 4.61%), 

Amblyomma lepidum (n = 45; 2.97%), Hyalomma impeltatum (n = 30; 2.01%), and 

Rhipicephalus pravus (n = 18; 1.18%). The nucleotide diversity (π) and haplotype diversity 

values of Hyalomma species were 0.095±0.005 and 0.953±0.020, respectively, and the average 

number of nucleotide differences (k) was 58.003. Tajima‘s D, Fu and Li's D, and Fu and Li's F 

test statistics were all non-significant with values of 1.008 (p > 0.10), 1.320 (0.10 > p > 0.05) and 

1.440 (p > 0.10) respectively. Wright‘s F statistics for genetic differentiation between all 

population species was also non-significant (p > 0.05). This study found the existence of various 

tick species in camels. Awareness of the impact of these ticks on camels, plus limited veterinary 

infrastructure, poses a challenge to the tick control measures. In conclusion, this study 

recommends further detailed investigations on the population genetics of Hyalomma tick species 

to identify the presence of introgression and hybridisation and which species is driving the gene 

flow. The findings of this study might provide insights about hybridisation among other tick 

species on the possibility that it could introduce new alleles that alter the vector competence, 

capacity to utilize various microhabitats, or even host use. 
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CHAPTER ONE 

INTRODUCTION 

1.1 Background information 

Livestock keeping is an important economic activity in Kenyan communities and is 

highly essential in providing food, income, and ox power labour. The animals kept include cattle, 

sheep, camels, donkeys, and poultry. The main species reared by the various ethnic communities 

are primarily dependent on customs and beliefs associated with them, the animal‘s ability to 

adapt to different climatic conditions and the prevailing environmental conditions. Economic 

benefits from the livestock sector vary from rural to urban households. This includes sales from 

meat and milk, skins used in the hides industry, transport and labour provision in ploughing, and 

paying of bride price. The Kenyan livestock sector contributes 10% and 42% of the country‘s 

and agricultural gross domestic product (GDP), respectively (SNV, 2018). This, therefore, is an 

essential pillar of the economy. 

In livestock keeping, camels stand out as unique animals. They possess unique 

physiological, anatomical, and behavioural adaptive features. These features play a huge role in 

helping them cope with the torrid heat and extreme desiccation in the Arid and Semi-arid lands 

(ASALs). Some of the features include a long loop of Henle, which is six times longer than that 

of cattle helping in concentrating urine and reducing urine flow (Fesseha and Desta, 2020), 

thermoregulation, specialised digestive tract, large footpads, body size, and height (Hoter et al., 

2019). These features help them survive the harsh conditions ensuring they can go without water 

for long periods. About 80% of the world‘s camel population is in Africa, with Kenya being 

ranked fifth worldwide after Somalia, Sudan, Ethiopia, and Mauritania (FAO, 2018; Isako and 

Kimindu, 2019). In rural households, camels provide milk, meat, blood, transport, and 

performing traditional rites such as dowry payment and burial ceremonies (Gitao et al., 2021). 

Nationally, they contribute approximately KES 3 billion annually (Yazan and Oliver, 2015). 

Due to camels' inadequate care, the presence of a diversified environment and different 

agro-climatic zones in Kenya, a wide range of endo and ectoparasites can thrive in camels. 

Among these ectoparasites, ticks are of economic importance (Bezerra-Santos et al., 2023). 

Ticks are obligate blood-feeding parasites of terrestrial vertebrates. There are 13 genera and 

more than 800 species of ticks distributed worldwide, with seven genera and 650 species found 
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in Africa. There are two prominent families of ticks: Argasidae or the soft tick and Ixodidae or 

hard tick, differentiated by a sclerotised cuticle (scutum) that the hard tick possesses. During 

feeding, a tick can draw up to 8ml of blood from its host. In heavy infestation cases, significant 

blood is lost from the host causing anaemia, tick worry, skin injury, and sometimes tick paralysis 

(Hurtado and Giraldo-Ríos, 2018). They also act as essential vectors for a wide range of 

pathogens, including rickettsia, protozoal, bacterial, and viral strains (Abdullah et al., 2018, Al-

Deeb et al., 2015).   

In tropical and sub-tropical countries, vector-borne diseases of economic importance in 

livestock include anaplasmosis, theileriosis, babesiosis, heartwater, and trypanosomiasis (Asmare 

et al., 2017). Theileria sp and Babesia sp are apicomplexan haemoprotozoan parasites spread by 

ticks and cause significant morbidity and mortality in livestock. Trypanosoma evansi, on the 

other hand, is spread mechanically by biting insects, especially stomoxys, tabanids, and possibly 

by ticks (Al-Harrasi et al., 2023). However, the role of ticks as potential vectors of Trypanosoma 

evansi through the ingestion of contaminated blood and engorged ticks has not been 

demonstrated (Vergne et al., 2015).  

Among the tick-borne pathogens of veterinary importance in Sub-Saharan Africa (SSA), 

Theileria parva is the most important. It causes East Coast Fever (ECF) which is characterised 

by enlarged lymph nodes, laboured breathing, weight loss, anaemia, nasal discharge, fever and 

recumbency (Amzati et al., 2019). Bacteria such as Ehrlichia ruminantium which causes 

heartwater, characterized by sudden onset, lethargy, extreme respiratory distress, occasional 

nervous signs and corneal opacity, and mortality of close to 100% in adult animals in the absence 

of antibiotic treatment (Cangi et al., 2017) is also a menace to the veterinary health of livestock 

in SSA. Also, intracellular alpha-proteobacteria, including the families Rickettsiaceae, 

Anaplasmataceae, and Bartonellaceae, may be spread by ticks (Driscoll et al., 2021). Anaplasma 

marginale, transmitted by at least 20 tick species, has the most comprehensive prevalence among 

the tick-borne bacteria of livestock worldwide (Akwongo and Byaruhanga, 2024). Pasteurella 

multocida has been shown to cause disease in both livestock and humans, including bovine 

haemorrhagic septicaemia in cattle and buffalo and fowl cholera in poultry (Mostaan et al., 

2021). 
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Ticks and tick-borne pathogens (TTBP) are of global importance to humans and 

livestock. Principally, camel ticks are responsible for economic losses due to high morbidity, 

animal deaths and the costs associated with disease control. This includes tick and parasite 

control, along with losses in body weight, fertility, and milk production. Hyalomma dromedarii 

is the most common tick affecting camels and other livestock, resulting in interspecies 

transmission of parasites. Some of the TBPs that have been found in camels include Theileria 

camelensis, Theileria dromedarii, Babesia bovis, Babesia bigemina, Anaplasma camelii and 

Erhlichia sp.  

1.2 Statement of the problem 

Over the years, ticks have been a significant challenge to livestock farming in Kenya 

(Kasaija et al., 2021). This is mainly due to their capacity to spread a wide array of pathogens, 

including protozoa, bacteria, rickettsia, spirochetes, and viruses. In 2016, economic losses due to 

ticks and tick-borne diseases (TTBDs) globally were estimated to range from US$ 20-30 billion 

per annum (Lew-Tabor and Valle, 2016). Ticks also cause mild to severe anaemia, a reduction in 

growth rate due to lack of appetite, and decreased production. Additionally, direct damage 

includes damage to udders, myiasis due to infection of injured sites by maggots and 

microorganisms, and damage to teats and scrotum. This results in considerable losses in the 

camel sector, which in Kenya is estimated to be worth KES 3 billion (Yazan and Oliver, 2015; 

Isako and Kimindu, 2019). Currently, there is inadequate knowledge of the tick species infesting 

camels in Kenya, and the role they play in the transmission of tick-borne diseases in camels. 

Therefore, it is crucial to understand the prevalence of tick species, the tick-borne pathogens 

(TBPs) they transmit and their geographical distribution to generate knowledge that will help 

control ticks and the diseases caused by the pathogens. 

1.3 Objectives 

1.3.1 General objective 

To explore the diversity of tick species infesting camels and assess their potential impact on the 

health and well-being of camelids in Kenya. 
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1.3.2 Specific objectives 

i. To identify the tick species infesting camels in selected camel-rearing counties using 

taxonomical tools. 

ii. To confirm the identified tick species infesting camels in selected camel-rearing counties 

using the CO1 gene marker.  

iii. To assess the genetic diversity of Hyalomma ticks in order to determine the occurrence of 

interspecific hybridisation between the species 

1.4 Hypotheses 

This study was built on the following hypotheses: 

i. There is no difference in taxonomical characteristics of tick species infesting camels in 

selected camel-rearing counties. 

ii. There is no difference in the genetic identity of the tick species infesting camels in 

selected camel-rearing counties. 

iii. There is no interspecific hybridisation between the species of Hyalomma ticks. 

1.5 Justification 

Dromedary camels are important food-producing animals in northern Kenya. An 

unknown acute and sudden death syndrome was last reported in Wajir County between 

December 2015 and May 2016. The syndrome manifested as mass acute deaths of adult camels 

in Wajir West, Wajir East, Wajir South and Eldas sub-counties (Gitonga, 2016). In January 

2016, a similar outbreak occurred in Marsabit where 257 camels died in North Horr and Moyale 

sub-counties. The disease was also reported in Isiolo County. The accumulative mortality rate 

from the 2015-2016 outbreaks ranged from 2.2% to 2.6% per location and herd mortality of 

7.5%. These mortality rates were high in camel species.  

To date, the exact causative agent of this disease is not known. However, clinical and 

post-mortem findings from the 2016 outbreak indicated the presence of several disease 

conditions including heartwater, a tick-borne disease of sheep, goats, and cattle that is endemic 

throughout sub-Saharan Africa but has only been described in camels in other parts of Africa on 

three occasions in the past 60 years (Bornstein and Younan, 2013; Karrar, 1960). The disease 

threatens over three million camels which support the camel meat and milk industry worth 
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approximately US$11 million annually and the livelihoods of millions of herders in northern 

Kenya. The losses accrued during these outbreaks are enormous both to the owner and the 

economy. The loss of a camel results in approximately KES 100,000 loss in terms of assets to the 

owner, while the costs of treatment and the control of ticks are generally high. Therefore, it is 

vital to have profiles of TTBPs affecting camels. This could make it easy to develop tick control 

strategies and prevent and manage the existing diseases caused by ticks therefore safeguarding 

the livelihoods of pastoral communities and enhancing food production in northern Kenya as part 

of the Sustainable Development Goal (SDG) 2.  

1.6 Limitations of the study 

The number of samples analysed during the study reduced to 91 from 230 as some of the 

falcon tubes were poorly labelled, or the labels had come off. This also resulted in a reduced 

number of tick samples. Therefore, the data analysis from the reduced sample size may not have 

been the same if it would have been done from a larger sample size. However, the data obtained 

will form a basis for extensive studies in the future. 

This study only relied on the COI gene alone to detect genetic hybridisation which has its 

limitations. This made it difficult to conclusively infer the existence of hybridisation in members 

of Hyalomma species. 

The study relied on ticks collected opportunistically from another study, therefore it is 

unclear whether the ticks were sourced from only one-humped camels or two-humped camels 

were also sampled. This uncertainty may affect the interpretation of tick diversity and their 

associated health impacts specific to camelid species in Kenya. 
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CHAPTER TWO 

LITERATURE REVIEW 

2.1 Contribution of livestock to developing countries    

Livestock plays a crucial role in the lives and livelihoods of close to 700 million people 

in the world. In Africa, livestock is a huge asset that contributes to economic growth and aids in 

bettering their owner's nutrition value (Zerfu et al., 2023).  Apart from the direct production of 

food, livestock contributes indirectly through skins, fibre, organic fertiliser, and fuel (FAO, 

2018). In Kenya, the sector‘s contribution is 10% and 42% of the country‘s and agricultural 

gross domestic product (GDP), respectively (SNV, 2018). This, therefore, is an essential pillar of 

the economy. Among the livestock kept by nomadic pastoralists in Kenya, camels stand out as 

unique animals. Camels, referred to as ‗ship of the desert,‘ are a capital reserve built up for the 

ASALs and come in handy when the crops and other livestock cannot thrive in harsh climatic 

conditions by providing meat and milk.  

Some of the features which help camels cope with the extreme conditions in ASALs 

include a long loop of Henle, which is six times longer than that of cattle helping in 

concentrating urine and reducing urine flow (Fesseha and Desta, 2020), thick fur and reflective 

coat to reflect sunlight and keep them cool, specialized red blood cells which are oval to ensure 

smooth blood flow and prevent clotting during dehydration, specialised digestive tract, large 

footpads, body size, and height (Hoter et al., 2019). These features help them survive the harsh 

conditions ensuring they can go without water for long periods.  

Apart from the nutritional contribution, camels have a pivotal role in the local 

communities' social activities such as dowry payments and burial ceremonies (Gitao et al., 

2021). Nationally, the Kenyan camel meat and milk industry is worth approximately US$ 21 

million annually (Yazan and Oliver 2015). However, ticks pose a major significant challenge to 

improved livestock productivity. They suck blood, causing general weakness of their hosts, and 

act as disease vectors between various livestock species that cause morbidity and mortality of 

livestock, leading to decreased productivity and income losses (Sparagano et al., 2022). 
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2.1.1 Challenges faced by livestock farmers in Kenya 

Livestock farming in Kenya is mainly confined to nomadic pastoralism. As a result, high 

competition for pastures, water and land arises between pastoral communities (Kagunyu and 

Wanjohi, 2014). Water and pasture scarcity results in pastoral migration to areas with adequate 

water and pastures resulting in interaction with other pastoralists. Interaction between livestock 

forms a hotspot for transmission of pathogens transversely with other livestock from different 

geographical zones (VanderWaal et al., 2017; Watson et al., 2016). Lack of water and pasture 

also results in wildlife-domestic animal interfaces as the pastoralists push their livestock into 

protected wildlife reserves (Oundo et al., 2020), which also facilitates the spread of pathogens 

across species. Ticks and tick-borne diseases are major hurdles to animal productivity in 

pastoralist communities (Kidambasi et al., 2019). Camel movement is not regulated in eastern 

Africa therefore camels in Kenya might have moved from Ethiopia, Sudan or Somalia which 

might result in the introduction of new tick species and tick-borne pathogens. It is therefore 

crucial for regular epidemiological studies in camels to ascertain the diversity of tick species and 

their role in the spread of TBPs in camels. 

2.2 Biology of ticks 

2.2.1 Systematics 

Ticks belong to the Class Arachnida, Sub-class Acari, Order Parasitiformes, and Sub-

order Ixodida (Dantas-Torres et al., 2019). Globally, there exist about 878 species of ticks which 

are categorised into three families (Table 1), specifically the Argasidae (soft-bodied tick), 

Ixodidae (hard-bodied tick), Laelaptidae, and Nutalliellidae, with the latter two families having 

one species each which are of minor importance (Dantas-Torres, 2018; Du et al., 2018; Sun et 

al., 2019; Venzal et al., 2019). The Ixodidae, characterised by a scutum, comprises about 670 

species, making it the most extensive and essential tick family (Rubel et al., 2021). 

Tick identification to species level can be challenging (Sparagano et al., 2022). However, 

many taxonomic keys exist, such as colour, size, scutum, anal groove, festoon, the shape of 

mouthparts, punctation, and colour of the legs that help identify ticks (Walker et al., 2003; 

Dantas-Torres, 2018). First, the keys for the different feeding stages need to be used. Second, the 

adult Ixodids are dimorphic; therefore, separate keys are required to differentiate between males 

and females. Third, the larval, nymphal, and adult female stages vary in size depending on how 



8 
 

engorged they are. Fourth, the tick's external characters determine the morphology of ticks as 

they develop the keys needed for identification (Dantas-Torres et al., 2019).  

Table 1: Approximate number of tick species by genus (Sonenshine and Roe, 2014) 

Family Genus Approximate Number 

Ixodidae Ixodes 245 

 Amblyomma 102 

 Aponomma 24 

 Haemaphysalis 155 

 Hyalomma 30 

 Dermacentor 30 

 Cosmiomma 1 

 Nosomma 1 

 Rhipicephalus 70 

 Anomalohimalaya 3 

 Rhipicentor 2 

 Boophilus 5 

 Margaropus 3 

Nuttalliellidae Nuttalliella 1 

Argasidae Argas 56 

 Ornithodoros 100 

 Otobius 2 

 Antricola 8 

 Nothoaspis 1 

Total  838 

2.2.2 Morphology of adult hard ticks 

Hard ticks are ventro-dorsally compressed, with most segments fused into two parts 

(Balinandi et al., 2020). The capitulum, which is the anterior end comprising the mouthparts (1 

hypostome and two chelicerae), is used as an anchorage, feeding tube and cutting. Basis capituli 

is an integumental ring surrounding the mouthparts and the palps. The idiosoma is the posterior 

end that consists of the genital pore, regions where the legs attach and a region below the coxae 
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harbouring the spiracles and the anal aperture (Horak et al., 2018). The male and female Ixodids 

can be differentiated by the fact that females are larger than males. The sclerotised dorsal shield 

(scutum) covers the whole back of males and only a third of the female‘s back (Sonenshine and 

Roe, 2014). 

Identification of ticks to species level is based on various structural features such as palps 

and basis capitulum, size and shape of mouthparts, presence, and shape of the anal groove, 

presence or absence of eyes and festoons patterns, as well as nature of punctuations on the 

scutum. Figure 1 shows the general structure of a male and female hard tick.  

 

 

Figure 1: General structure of a male hard tick (a) and female hard tick (b). Retrieved August, 

20 2019 from http://www.tickalert.org.au/index.htm based on Sonenshine and Roe, 2014. 

2.2.3 Life cycle of hard ticks 

Different tick species have life cycle patterns that involve feeding on one, two, or three 

hosts resulting in one-host, two-host, or three-host, respectively (Walker et al., 2003; Dantas-

Torres, 2018). In total, the life cycle may take up to 3 weeks. In one-host ticks, all three stages 

feed on the same animal, and two ecdyses also take place on the same animal. The larvae are the 

only stage involved in host location and do not fall off the host when engorged but moult into 

A B 

http://www.tickalert.org.au/index.htm
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nymphs that feed on the same host, and after three weeks, mature adults are engorged emerge 

(Boulanger et al., 2019). 

Two-host ticks, on the other hand, usually locate the hosts as larvae and again as adults. 

Larvae feed and moult on the host, the nymph engorges and then falls to the ground where it 

moults into an adult, finding a new host. On the other hand, most hard ticks are three-host ticks 

in which the larvae, nymph, and adults find and then feed on a separate host. Each stage feeds on 

a different host and falls off the ground once engorged, and moulting occurs (CDC, 2017). The 

larvae, nymph, and adult stages of hard ticks have a single instar, and they can feed on the host 

for approximately ten days with blood ingestion taking two to three days in both larvae and 

nymph and more than a week in adults (Boulanger et al., 2019). 

2.2.4 Tick ecology and climate change 

Ticks have to adjust to their physical surroundings to survive and feed on their host. 

Because proper hosts are necessary for adult reproduction, the availability of hosts and host 

behaviour is essential to the maintenance of tick populations. As such, the distribution of ticks on 

hosts will be influenced by their distribution (Sparagano et al., 2022). Ticks that are impacted by 

unfavourable environmental conditions during their moulting and questing stages depend heavily 

on their physical surroundings (Walker et al., 2003; Dantas-Torres, 2018). 

The intricate relationship between hosts, landscape features, and climate influences the 

dynamics of the tick life cycle, among other things (Ogden et al., 2021). Due to its direct and 

indirect effects on host availability and environmental circumstances, climate has a major 

influence on tick population dynamics. Thus, tick distribution is being significantly shaped by 

recent, mostly human-caused ecological disturbances that have led to changes in the global 

climate. Ticks and other arthropod vectors have been able to survive and spread throughout their 

geographic range as a result of these modifications (Nuttall, 2022). 

2.2.5 Predilection sites of ticks in camels 

Ticks can shelter anywhere on the camel‘s coat but mostly prefer the soft regions of the 

camel‘s body. Their presence is usually unnoticed until clinical signs such as irritation or debility 

develop (Walker et al., 2003; Dantas-Torres, 2018). Once on the camel‘s coat, the tick will scan 

through the body to locate the warmer and moist regions where it can quickly sink its 
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mouthparts. Although various species prefer different attachment sites, most camel ticks appear 

in the inguinal, perineal, and axillary areas around the lips, eyes, and ears and between the toes 

(Sonenshine and Roe, 2014). 

2.3 Molecular markers for tick identification 

It is crucial for any research to correctly identify various species. Identification based on 

morphology has been widely and accurately used (Kumsa et al., 2016). However, for closely 

related species or poorly studied, morphological markers can be challenging to use. Molecular 

markers, therefore, are essential to circumventing this problem (Abouelhassan et al., 2019). 

These markers include biochemical markers that detect the gene products such as proteins 

and amino acids and molecular markers that detect DNA variations such as deletion, insertion, or 

duplication (Marwal and Gaur, 2020). Molecular markers consist of two major groups, based on 

DNA-DNA hybridisation and based on Polymerase Chain Reaction (PCR). PCR-based markers 

include random amplified polymorphic DNA (RAPD), restriction fragment length polymorphism 

(RFLP), amplified fragment length polymorphism (AFLP), mitochondrial genes such as 

mitochondrial protein-coding and ribosomal genes, and nuclear ribosomal genes (Kaur and 

Singh, 2020). 

2.3.1 Random amplified polymorphism DNA  

Introduced in 1990, random amplified polymorphism DNA (RAPD) involves testing 

various short (8-10 bp) random primers to amplify the target DNA in a hit-and-trial PCR without 

prior knowledge of the sequence to be amplified. RAPD has been used widely in genome 

analysis and population genetics, especially in species whose morphology fails to resolve species 

identity (Babu et al., 2021). The amplified PCR products are resolved in agarose gel and 

visualised in a UV machine where the unique bands observed are used to profile the DNA. 

Despite its application in differentiating genetically different species, it has many limitations. 

This technique needs large intact DNA and mostly fails in the event of fragmented DNA. 

Another limitation of RAPD is it is not reliable in mapping phylogeny since the random primers 

have low-resolution power compared to specific primers therefore, it is highly used in DNA 

profiling for intraspecific genetic variation (Kaur and Singh, 2020).  
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2.3.2 Restriction fragment length polymorphism  

This technique is mainly used for diagnostic purposes since it is easy, fast and cheaper 

(Teama, 2018). In restriction fragment length polymorphism (RFLP), the PCR products are 

digested using various restriction enzymes which are then resolved using gel electrophoresis. It is 

mostly used in gene mapping and genetic disease diagnosis however; it cannot detect 

polymorphism (Wulff et al., 2017). 

2.3.3 Amplified fragment length polymorphism  

This technique combines both classical hybridisation techniques and PCR-based 

techniques for genotyping. Amplified fragment length polymorphism (AFLP), does not require 

one to have prior knowledge of the template DNA sequence and involves digesting the genomic 

DNA using restriction enzymes. Restriction half-site-specific adaptors are then attached to the 

restriction fragment which is followed by selective PCR amplification using specific primers 

having sequences specific for the adaptors and the restriction site (Kaur and Singh, 2020). AFLP 

has been applied in constructing genetic maps and in studying phylogenetic relationships with a 

higher resolving power compared to RAPD and RFLP (Sheeja et al., 2021).  

2.3.4 Nuclear ribosomal genes 

The second internal transcribed spacer region (ITS2), the non-coding region of the 

nuclear ribosomal gene, has been used widely to study genetic variation in organisms (Kelava et 

al., 2023). ITS2 serves as one of the DNA candidates due to its valuable characteristics, 

including the ease of its amplification and the availability of conserved regions useful in 

designing universal primers and adequate variations important in distinguishing closely related 

species (Tan et al., 2020). ITS2 comprises three genes (18S rDNA, 5.8rDNA, and 28 rDNA) 

interpreted to RNA but not converted to proteins. These genes are usually interpreted as a single 

transcript of RNA and are separated by ITS1 and ITS2. ITS1 and ITS2 are then spliced out, and 

they no longer serve other purposes. This makes them accumulate substitutions quickly due to 

little selection pressure, which forms the basis for distinguishing closely related species (Kelava 

et al., 2023). 

2.3.5 Mitochondrial DNA 

Mitochondrial DNA (mtDNA) has been widely used in molecular biology because it 

facilitates the choice of appropriate genes for phylogenetic studies. It is divided into two 
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categories: ribosomal genes and protein-coding genes. The protein-coding genes are made up of 

13 protein subunits (three cytochrome oxidase subunits (COI, COII and COIII), two ATPase 

subunits (ATP6 and ATP8), seven NADH dehydrogenase subunits (ND1, ND2, ND3, ND4, 

ND5, ND6 and ND4L), and one cytochrome b. The 12S and 16S rDNA make up the two 

mitochondrial ribosomal genes (Kowalczyk et al., 2021). Due to their high copy number, these 

genes are easier to work with, and their maternal inheritance is strict, which is helpful at the 

intraspecific level (Kelava et al., 2023). The mitochondrial 12S rDNA sequence has been 

adopted to investigate relationships between diverged ticks of the genus Rhipicephalus 

(Kowalczyk et al., 2021; Panicker et al., 2019).  

Mitochondrial protein-coding genes have been widely used to infer phylogenetic 

relationships in different metazoan taxa. Thirteen subunits are divided into three groups to 

ascertain which subunits have better resolving power. COI, ND2, ND4 and ND5 had the best 

resolving power and were therefore considered good markers, NDI, COII, and COIII were 

deemed as medium markers while ATPase 6, ND3, ATPase 8 and ND4L were concluded as poor 

makers in inferring phylogenetic distances (Donath et al., 2019). 

Cytochrome c oxidase subunit I (COI) has been used for DNA barcoding since it is one 

of the most conserved mitochondrial proteins (Aslam et al., 2019). COI has been used as a 

suitable marker due to two advantages. First, it has powerful primers that are universal, enabling 

recovery of its 5′ ends from most animal phyla (Hoque et al., 2022; Lv et al., 2014). Second, its 

phylogenetic signal has a more excellent range compared to other mitochondrial genes. Due to 

this gene's rapid change allows discrimination of related species and geographic distribution of 

groups within a single species (Aslam et al., 2019; Pedraza-Marrón et al., 2019). COI can 

provide deeper phylogenetic insights as its amino-acid sequence evolution occurs much slower 

than its alternative cytochrome b and COII (Dong et al., 2021; Seddigh and Darabi, 2018). 

Besides COI, COII has also been widely used to infer phylogenetic relationships in 

different metazoan taxa. This gene varies between 673-690 bp and encodes about 226-229 amino 

acids (Kaur and Singh, 2020). COII is useful at both intraspecific and interspecific levels since 

its 3‘ end is highly variable in both sequence and length (Singh et al, 2022). Cytochrome b is 

also a powerful marker to identify species together with DNA analytical techniques (Seddigh and 

Darabi, 2018). This gene shows a high substitution rate at the third codon which is a synonymous 
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one resulting in no change in the amino acid and is therefore used for nucleotide sequence 

studies in lower taxa while the amino acid sequence is applied in higher taxa (Kaur and Singh, 

2020). Cytochrome b is an accurate, rapid as well as economic technique and it possesses similar 

sequence variation and an A-T bias as COI (Subbanna et al., 2016) 

Some of the limitations of working with mitochondrial DNA include numts, 

heteroplasmy and introgression. Numts are copies of mitochondrial DNA translocated in the 

nuclear genome. These genes are inactive as they lack start and stop codons and may easily or 

unintentionally be amplified using universal primers (Xue et al., 2023). Impaired DNA and 

application of universal primers increases the probability of numt amplification which could be 

minimised by using specific primers and purification of DNA before PCR amplification (Kaya et 

al., 2018). The presence of more than one type of mitochondrial genome in a cell or an organism 

known as heteroplasmy is another limitation to the use of mitochondrial DNA. This occurs 

mostly in control regions making these regions suitable for polymorphic studies however for 

phylogenetic studies and identification of species, the protein-coding genes which are immune to 

heteroplasmy are usually reliable (Pereira et al., 2021). Finally, introgression which is the 

transfer of blocks of genes from one population to another is another limitation of mtDNA. 

Introgression only occurs in a small group of a population and not the whole population which 

might result in misidentifications as the small population portion of mtDNA might be amplified 

2.4 Molecular evolution and tick phylogeny 

Evolution is a slow and gradual process in which complex creatures evolve from simple 

ancestors through natural processes over time (Bonneaud and Longdon, 2020). Since 1900, fossil 

records have been used to infer evolutionary changes and generate phylogenetic trees. However, 

this suffers a drawback in that the fossil record is incomplete and fragmentary (Lautenschlager, 

2016). Advancement in molecular biology has helped solve this problem since the blueprint of 

all organisms is written in their DNA; hence evolutionary relationships can be inferred by 

comparing different DNA (Nater et al., 2015). Studies on the phylogeny of tick families have 

been progressing over the years, primarily through the application of molecular markers in the 

identification of ticks and phylogenetic analyses. A consensus on the phylogeny of the three tick 

families despite the several changes in the nomenclature of some species is outlined in Figure 2.  
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Figure 2: Current hypothesis of the phylogeny of tick families indicating the relationships 

between different tick taxa proposed according to analyses on nucleotide sequences as well as 

phenotypes (Wang et al., 2019) 

2.4.1 Interspecific hybridisation of ticks 

It has been demonstrated that gene introgression and genetic hybridization are important 

sources of genetic variation within and between populations. This results in the transfer of gene 

blocks across various systems, causing evolutionary change that is then selected against by 

natural selection (Feuerstein et al., 2024; Henderson et al., 2017). Through gene flow, 

populations or species may mingle and become accustomed to new ecological niches, or the 

hybrid might backcross with either of its parent species, extending the genetic diversity of the 

parent species.   

Most of the consequences of hybridization in disease vectors are unclear and have not 

been thoroughly studied. Inter-specific gene exchange, however, is thought to have an impact on 

the biology of vectors, their interactions with hosts, and even the infections they spread (Bitume 
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et al., 2017). The diseases carried by hybrids may spread more quickly as a result of their wider 

host preference and expanded range. To fully comprehend the potential role that hybridization 

may play in the interactions between the pathogen, vector, and host, more investigation is 

necessary.  

Changes in the distribution of ticks have an impact on other tick species that they come 

into contact with in addition to their hosts through the viruses they carry. It is known that some 

tick species exhibit parapatric distributions, which result in species boundaries with a tiny zone 

of overlap between adjacent regions (Barnden et al., 2023). Although resource competition and 

reproductive incompatibility are frequently considered to be the main causes of parapatry, other 

ecological characteristics like ecotones, microhabitats, and interspecific competition can also 

have an impact (Taylor et al., 2015). These kinds of boundaries can be extremely vulnerable to 

environmental changes brought on by significant climatic events, including heavy downpours. A 

species may benefit from changes in the environment more than another, which would enable it 

to thrive and spread farther. Understanding the effects of extended climate change requires 

monitoring parapatric species where climate events cause changes to species distribution, 

population growth, and/or boundary movements (Harr and Price, 2014; Hunter et al., 2017; 

Taylor et al., 2015). 

When interspecies reproductive incompatibility preserves parapatry, hybrid zones can 

arise under two circumstances (Barnden et al., 2023). First, changes in the natural range of 

allopatric species can result in secondary interaction due to changes in the environment (Gao et 

al., 2020; Pfaffle et al., 2014). According to Westram et al. (2021), species can diverge along a 

habitat gradient or cline, resulting in a short contiguous overlap of ranges and majority 

segregation. It is believed that parapatric borders occur in natural systems more frequently than 

is presently known (Taylor et al., 2015). Adjacent boundaries between morphologically similar 

species can be challenging to notice, as is frequently the case with many bird species (Barnden et 

al., 2023). Ticks have been known to hybridize within adjacent borders on multiple occasions 

(Bournez et al., 2015; Sungirai et al., 2017). Given that hybrids frequently carry novel and 

highly transmissible diseases, the possibility of tick hybridization along a parapatric boundary 

may influence host health (King et al., 2015). 
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Three things usually happen to species boundaries as a result of hybrid zones: first, 

distinctive features of one species are lost; second, the line separating the two species becomes 

hazy, which might finally result in full introgression. Second, through phenomena like hybrid 

swarms, hybrids can endure in a certain area and maybe establish a population of their own 

(Hasselman et al., 2014). According to Brauer et al. (2023), these events would be especially 

favourable if there was little migration occurring between the parental species and the hybrid 

population, or if hybrids were less susceptible to environmental changes like climate change. 

Finally, the hybrid zone might be significantly impacted by an unrelated biological feature, such 

as an ecotone, meaning that the hybrids won't have much of an impact on the boundary 

(Theodosopoulos et al., 2019). It can be challenging to discern between hybrid morphology and 

parental traits in all situations where hybridization may have an impact on the morphology of the 

parent species (Abbott et al., 2016). 

Particularly with their cryptic form, ticks are challenging to taxonomically describe 

(Dantas-Torres, 2018). As two species of Rhipicephalus ticks, Rhipicephalus appendiculatus and 

Rhipicephalus zambeziensis, demonstrate, the sex and species of the hybrid parents can influence 

which morphotype is presented by the hybrid offspring (Barnden et al., 2023). Across a broad 

spectrum of tick families, cryptic species and morphological variation linked to different degrees 

of hybridization are also frequently described (Dantas-Torres, 2018; Kovalev et al., 2016). In the 

future, individual tick genomic analysis may be necessary to identify hybrid ticks. 

2.5 Ticks as vectors and reservoirs of disease pathogens  

Ticks act as vectors for a broad range of pathogens, including protozoal, viral, rickettsia, 

and bacterial strains (Abdullah et al., 2018; Al-Deeb et al., 2015). Babesia sp and Theileria sp 

are the major TBPs of livestock in tropical and sub-tropical parts of the world that cause 

babesiosis and theileriosis, respectively (Asmare et al., 2017). Both Theileria sp and Babesia sp 

are haemoprotozoan parasites that induce various clinical manifestations that range from 

subclinical presentation to catastrophic disease depending on the animal species, the host's age, 

and the species of the pathogen (El-Naga and Barghash, 2016). Babesia sp is spread mainly by 

ticks belonging to the sub-genus Boophilus and is suspected to affect the camel, but the data 

published about its role in disease transmission is limited (Mirahmadi et al., 2022; Swelum et al., 

2014). A study done in Egypt by Barghash et al. (2016), indicated the presence of two Babesia 
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sp in camels at low prevalence, which were Babesia bovis (18.18%) and Babesia bigemina 

(27.27%). On the other hand, Theileria sp are prevalent in livestock and are widely distributed 

from North Africa to China (Gharbi et al., 2020). Unlike the other pathogens, it can also be 

spread mechanically by biting flies of the family Tabanidae or blood-contaminated fomites 

(Hornok et al., 2020). The most prevalent Theileria sp in camels is Theileria camelensis. Their 

disease transmission role is also unknown, with reports published claiming that it is non-

pathogenic in camels (Moezi et al., 2016). Other reports also show that Theileria annulata, 

mainly spread by ticks of the genus Hyalomma, is transmitted to camels in areas where camels 

co-habit with cattle and sheep. Still, no case of the disease has been reported (Barghash et al., 

2016). 

Among the tick-borne bacteria of veterinary importance, Ehrlichia ruminantium is the 

most important. It causes heartwater, characterised by sudden onset, lethargy, extreme 

respiratory distress, occasional nervous signs and corneal opacity, and mortality of close to 100% 

in adult animals in the absence of antibiotic treatment (Cangi et al., 2017). Besides, intracellular 

alpha-proteobacteria, including Rickettsiaceae, Anaplasmataceae, and Bartonellaceae, could be 

transmitted by ticks (Driscoll et al., 2021). Anaplasma marginale, transmitted by at least 20 tick 

species, is the most prevalent tick-borne rickettsial haemoparasite of animals, including camels 

world-wide (Akwongo and Byaruhanga, 2024).  

Anaplasma marginale causes subclinical anaplasmosis in camels characterised by loss of 

appetite, depression, reluctance to carry a load, pale conjunctiva, and slightly enlarged superficial 

lymph nodes (Ghafar et al., 2014; Sudan et al., 2014). A study by El-Naga and Barghash (2016) 

in Egypt showed that 47.4% of camels examined suffered from subclinical anaplasmosis caused 

by two pathogens, Anaplasma marginale and Anaplasma centrale. In Nigeria, the prevalence of 

blood parasites in camels was 21.5%, with Anaplasma sp being the most common (Azmat et al., 

2018). 

2.6 Tick-host-pathogen interaction 

The presence of suitable mammalian hosts, which can also function as carriers or 

reservoir hosts of infections and infect naïve ticks, determines the occurrence of ticks in a given 

geographic area (Sparagano et al., 2022).  Ticks pick up pathogens by feeding on an infected 

reservoir host; nevertheless, a tick's ability to spread a pathogen is contingent upon the 
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pathogen's ability to survive and proliferate inside the tick. The majority of infections have a 

biphasic life cycle. According to De la Fuente et al. (2017), they have multiple modifications that 

allow them to survive inside the tick vector and the mammalian host, hence guaranteeing their 

effective transmission. For instance, the majority of bacteria carried by ticks express surface 

proteins that adhere to tick cells. Furthermore, some, like Anaplasma marginale, proliferate 

inside the membrane-bound vacuoles of tick vector cells (Akwongo and Byaruhanga, 2024). 

Furthermore, successful transovarial transmission is made possible by certain viruses' capacity to 

grow and infect organs like the ovaries (Maqbool et al., 2022). 

To thwart immune system attacks, the majority of viruses have developed a variety of 

successful evasion techniques (Rosbjerg et al., 2017). Pathogens carried by ticks in the family 

Anaplasmataceae order Rickttesiales, such as Ehrlichia sp. and Anaplasma sp, have effective 

defence mechanisms against their hosts. These bacteria enter the host cell quickly and spend less 

time in the extracellular space because they secrete adhesins and invasins that change the shape 

of the cell membrane (Moumene and Meyer, 2016). These infections release proteins into the 

cell that aid in taking over the functions of the host cell. Transient receptor potential proteins 

(TRPs), which are secreted by Ehrlichia sp. members, are carried to the nucleus of the host cell 

and alter host cell signalling pathways (Tsagareli and Nozadze, 2020).  Theileria sp. and Babesia 

sp. are two examples of piroplasms that show antigenic diversity. Using this technique, Babesia 

sp modifies the Tp1 and Tp2 genes, while Theilera parva modifies the VESA1a gene on its 

surface (Amzati et al., 2019; Hakimi et al., 2020). 

2.7 Tick control methods 

2.7.1 Biological control 

This method involves the use of natural organisms against ticks (Boulanger et al., 2019). 

Predators, parasitoids, and pathogens are the three primary types of species that naturally oppose 

ticks that prey on livestock (Jamil et al., 2022; Ramzan et al., 2021). Ticks that are affixed to 

their hosts or engorged females that have fallen off the host into the ground are consumed by 

birds, ants, and some mite species. Wasps and other parasitoids lay their eggs in ticks, and the 

developed larvae consume the tissues of the ticks until they die. Ticks are infected and killed by 

pathogens such as bacteria, fungi, and nematodes (Jamil et al., 2022). According to studies 

conducted in the US, wasps can achieve 25–50% natural parasitisation rates, which is an efficient 
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way of eradicating Ixodes scapularis ticks (Ramos et al., 2023). A parasitisation rate of almost 

50% was found in another study on wasps against Amblyomma varium (Dominguez et al., 2023). 

The safest, most economical, and most efficient method of controlling ticks is biological control. 

It is advisable to support the integration of chickens as natural predators for livestock tick control 

(Pegram et al., 2014). 

2.7.2 Chemical control 

This is the common method of tick control. Acaricides are sprayed or dipped on animals 

as part of the tick management technique (Boulanger et al., 2019). Synthetic pesticides called 

acaricides are applied to cattle or the environment to eradicate ticks. Arsenicals, carbamates, 

amidines, organophosphorous chemicals, pyrethroids, and chlorinated hydrocarbons are a few 

general classes of substances that are used to kill ticks (Jamil et al., 2022; Ramzan et al., 2021; 

Pegram et al., 2014). Particularly when used in conjunction with other tick management 

strategies, acaricides can effectively lower tick populations.  

Chemical tick management techniques fall into two categories: tick host-targeted and 

habitat-targeted. Applications of acaricides focused on specific habitats mostly target tick 

habitats, such as the wooded regions surrounding homes and grazing grounds, as well as the 

borders along woodland edges, stonewalls, and decorative plantings (Jamil et al., 2022). 

Although it can also be successful against adult ticks, this approach works best when controlling 

ticks in the nymphal stage. Using an acaricide to treat tick hosts to eliminate any ticks that might 

be feeding on them is known as a tick-host targeted application. Since some ticks, like 

Rhipicephalus microplus, are extremely adaptive and will likely respond to any challenge posed 

by a novel acaricide, the usage of chemical acaricides continues to cause resistance in ticks 

(Gerem et al., 2016). Therefore, to extend their efficacy as tick control agents, the effective 

acaricides currently in use must be used correctly and efficiently. Lack of water in arid and semi-

arid regions makes it difficult to apply acaricides correctly. If handlers do not use protective 

gear, they are subject to the hazardous effects of acaricides. 

2.7.3 Mechanical control 

This is the conventional method of controlling ticks, which entails manually eliminating 

ticks from confined animals by hand (Pegram et al., 2014). Infested pastures must also be 

burned, farms and pasture areas must be fenced off, and the tick's natural habitat must be 



21 
 

disrupted or changed. The majority of mechanical control techniques are used in integrated tick 

management strategies, which combine several techniques to successfully lower tick populations. 

The method's drawback, though, is that it takes a lot of time and is inefficient for large herds. 

2.7.4 Use of anti-tick vaccines 

Vaccinating cattle against specific protein antigens can help prevent tick infestation. 

Immunity against tick infestation is induced by vaccination (De la Fuente et al., 2016). This 

approach is a more ecologically friendly way to control tick infestations than the mechanical and 

chemical methods. Targeting the common tick vector can effectively manage some TBPs (De la 

Fuente et al., 2016; Rego et al., 2019). Since vector-borne pathogens use tick proteins to spread, 

targeting a pathogen in the vector and preventing its spread is a novel and promising way to 

manage vector-borne infections. Nonetheless, a significant barrier to the production of vaccines 

is the identification of appropriate antigens (De la Fuente et al., 2016). 

2.7.5 Use of tick-resistant livestock breeds 

According to Bhowmick and Han (2020), tick resistance is an acquired trait that allows 

an animal to control the number of ticks that they encounter and their growth and persistence. 

According to studies, alien European cattle breeds (Bos taurus) are less susceptible to tick 

infection than native breeds (Bos indicus) and Sanga (Bos taurus and Bos indicus crossbreed) 

(Itenge et al, 2020; Shyma et al., 2015). Tick resistance can appear in domestic animals in a 

variety of ways, such as increased familiarity with native cattle from the grazing region with the 

infected zone or host morphological variations that reduce the likelihood of tick attachment 

(Itenge et al, 2020). According to Shyma et al. (2015), skin thickness also seems to have a 

significant impact on a host's ability to resist ticks. Research has indicated that skin secretions, 

coat type, and hair density could all contribute to livestock resistance to ticks. Lighter-coloured 

animals are more resistant to ticks than dark-coloured animals, according to studies (Bhowmick 

and Han, 2020). Compared to their peers, females, pregnant animals, and younger animals have 

greater resistance (Bhowmick and Han, 2020; Shyma et al., 2015). 
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CHAPTER THREE 

MATERIALS AND METHODS 

3.1 Sampling site and study animal 

This retrospective study was conducted using samples collected opportunistically during 

a field survey at the Athi River abattoir in Athi River district, Machakos County. Located 

between 1° 27′ 0″ S and 36° 59′ 0″ E, Athi-River abattoir is the largest abattoir in Kenya. The 

slaughterhouse can handle 1000 large animals and 1500 small stocks per day. The samples were 

collected from dromedary camels (Camelus dromedarius) from Isiolo, West Pokot, Marsabit, 

Baringo, and Wajir counties meant for slaughter at the abattoir.  

 

 

 

 

Figure 3: Map showing the counties in which the camels originated and are considered camel 

rearing 
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3.2 Tick sample collection 

Ticks were collected during the dry and wet seasons of 2015 from a total of 230 camels 

(Table 2) between February and August. A comprehensive physical examination was conducted 

on each camel. Information concerning sex, age, collection date, and holding duration in the 

abattoir was recorded carefully, according to Mwamuye et al. (2017). After proper restraining of 

the camel, the ticks were collected from the different predilection sites using steel forceps. Ticks 

from each camel were pooled together and preserved in falcon tubes containing 70% for 

identification under a binocular stereomicroscope. Falcon tubes were labelled regarding the site 

and animal number, and the information was recorded in a data sheet. 

Table 2: Number of camels sampled in the wet and dry season of 2015 (Deem et al., 2015) 

Season Month (2015) No of camels 

sampled 

No of males No of females 

Wet February 37 21 16 

 March 74 41 33 

Dry June 39 20 19 

 August 80 35 45 

Total  230 117 113 

3.3 Tick sample preparation and morphological identification 

The samples were washed twice with distilled water and then dried on a bleached pulp. 

The ticks were then placed in Petri dishes and examined under a binocular stereomicroscope 

(ZEISS Stemi 508, Zeiss, Oberkochen, Germany), where identification of ticks was done to 

species level according to Hoogstraal (1956), Walker et al. (2003) and Horak et al. (2018), 

taking into consideration recent names of the genus and species. The identification features of 

the ticks were colour, size, scutum, anal groove, festoon, the shape of mouthparts, punctation, 

and colour of the legs. Tick images were then captured using the ZEISS Axiocam ERc 5s camera 

and ZEN 3.2 (blue edition) software, Carl Zeiss Microscopy GmbH, Germany. 
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3.4 DNA extraction for molecular identification 

After morphological identification, the ticks were pooled into pools of 3-8 adult ticks 

according to the genus and animal number (Mwamuye et al., 2017). Representative species from 

each pool were removed and genomic DNA was extracted using QIAGEN® DNeasy® Blood & 

Tissue Kit (QIAGEN GmbH-Germany) according to the manufacturer‘s instructions. Briefly, 

individual ticks were placed into 1.5mL microcentrifuge tubes pre-cooled in liquid nitrogen, and 

a few drops of liquid nitrogen were added. Using a sterile pestle, the ticks were ground, and 

180μL Buffer ATL was added, followed by 20μL Proteinase K. The contents were mixed 

thoroughly by vortexing and incubated at 56 °C overnight in a shaking water bath. After the 

overnight incubation, the tubes were vortexed thoroughly, and 200μL Buffer AL was added. The 

tubes were incubated in a shaking water bath at 70 °C for 10 minutes, after which 200μL of 

absolute ethanol (96–100%) was added and the contents vortexed again.  

The mixture was then transferred into a DNeasy Mini spin column in a 2mL collection 

tube and centrifuged at 8000 rpm for 1 minute. The flow-through was discarded, the spin column 

was placed in a new 2mL collection tube, 500μL Buffer AW1 was added, and the contents were 

centrifuged again for 1 minute at 8000 rpm. The flow-through was discarded, and the spin 

column was placed in a new 2mL collection tube, and 500μL Buffer AW2 was added. The 

contents were centrifuged for 3 minutes at 14,000 rpm. The flow-through was discarded, the spin 

column was put in new collection tubes, and the contents were centrifuged for 1 minute at 14,000 

rpm to remove excess residual buffer AW2. The spin-column was placed in a new 1.5mL 

microcentrifuge tube, and 60μL of warmed Buffer AE was added directly onto the DNeasy 

membrane for elution. The mixture was incubated at room temperature for 10 minutes. The 

microcentrifuge was then centrifuged for 2 minutes at 8000 rpm to obtain the eluate, and the 

DNA samples were aliquoted and stored at -20 °C for further processing. 

3.5 PCR amplification and purification of CO1 gene 

Amplification of a 700 bp CO1 gene fragment was done for each of the tick DNA 

extracts using a specific primer pair listed in Table 3. A volume of 50µL was used for the PCR 

reaction, which consisted of 25µL of 2x BioMix™ Red (Bioline, London, UK), 1µL 10pmol of 

both the primers, 5µL of the gDNA as the template, and the remaining volume made up by 

nuclease-free water. PCR amplification was done on a DNA Engine®Dyad Peltier Thermal 
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Cycler (BIO-RAD, Hercules, CA) conditions were an initial denaturation at 95 °C for 5 minutes. 

This was followed by 35 cycles of 94 °C for 1 minute, 40 °C annealing temperature for 1 minute, 

and extension at 72 °C for 1½ minutes. Final elongations were carried out at 72 °C for 10 

minutes. The PCR products were then separated by agarose gel electrophoresis. 

Table 3: Sequences of oligonucleotide primers used for PCR amplification of tick and pathogen 

DNA 

Gene Primer ID Sequence Reference 

CO1 

(Tick DNA) 

F- LCO1490 5′-GGTCAACAAATCATAAAGATATTGG-3′ Hoque et al., 

2022 

 R- HC02198 5′-TAAACTTCAGGGTGACCAAAAAATCA-3′  

CO1 

(Hybridisation) 

F-C1-N-2312 5′- CATACAATAAAGCCTAATA-3′ Bilbija et al., 

2023 

 R-TY-J-1449 5′- AATTTACAGTTTATCGCCT-3′  

Amplified CO1 PCR products were purified using GENECLEAN
®

 III Kit (MP 

Biomedicals, USA) as per the manufacturer‘s protocol: Three volumes of NaI solution were 

added to 1 volume of the PCR sample and mixed. Five µl of EZ-GLASSMILK
®
 was added to 

the DNA/NaI solution mixed and incubated at room temperature for 10 minutes. The mixture 

was then centrifuged at 14,000 rpm for 30 seconds to pellet the EZ-GLASSMILK
®
 with the 

bound DNA. The supernatant was discarded, and 500µL of prepared NEW Wash was added, 

followed by centrifugation at 14,000 rpm for 30 seconds. The supernatant was discarded, and the 

wash step was repeated. The pellet was then dried at room temperature for 10 minutes, after 

which 5µL of buffer TE was added and mixed with the pipette tip. The samples were then 

centrifuged, and the supernatant containing DNA was removed and placed in labelled PCR 

tubes, which were sent for sequencing.   

3.6 Hybridisation studies of Hyalomma species using CO1 gene 

 Forty-six Hyalomma ticks were separated and amplification of an 823 bp CO1 gene 

fragment was performed using primers listed in Table 3. A volume of 50µL was used for the 
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PCR reaction, which consisted of 25µL of 2x BioMix™ Red (Bioline, London, UK), 1µL 

10pmol of both the primers, 5µL of the gDNA as the template, and the remaining volume made 

up by nuclease-free water. PCR amplification was done on a DNA Engine®Dyad Peltier 

Thermal Cycler (BIO-RAD, Hercules, CA). Conditions for amplification were an initial 

denaturation at 95 °C for 5 minutes, followed by 35 cycles of 94 °C for 30 seconds, 45 °C 

annealing temperature for 1 minute, and extension at 72 °C for 1 minute and final elongations 

were carried out at 72 °C for 10 minutes (Bilbija et al., 2023). Successful amplification was 

determined by resolving 5µL of the PCR products by electrophoresis in 2% (w/v) agarose gels 

containing RedSafe™ nucleic acid staining solution (iNtRON Biotechnology Inc, Korea) and 

DNA fragments visualized under ultraviolent light using an Analytik Jena™ UVP ChemStudio 

imaging system (Fisher Scientific). The remaining volumes were sent for purification and Sanger 

sequencing to Macrogen Inc (Amsterdam, The Netherlands). 

3.7 Data analysis 

3.7.1 Sequence data analysis 

The COI nucleotide sequence chromatograms that were produced were examined visually 

and manually modified using the CLC Main Workbench program (CLC bio). Consensus 

sequences were created from the sequenced fragments and sequences were edited to remove low-

quality reads at the 5´ and 3´ ends. Through BLASTN searches of the COI sequences against the 

non-redundant nucleotide sequence database at GenBank, the molecular species identity of the 

tick specimens was verified. The COI sequences were subjected to several sequence alignments 

using ClustalW2 in the CLC Main Workbench. Using DnaSP v5.10.01, the COI sequences were 

compressed into haplotypes. 

3.7.2 Phylogenetic analysis 

Using the MEGA v.11.0 program and the Kimura 2-parameter model with Gamma 

distribution based on the Akaike information criteria, a maximum likelihood tree was created for 

phylogenetic analysis (Tamura et al., 2021). Using the nearest neighbour interchange 

improvements, tree topologies were calculated across a thousand bootstrap replicates 

(McRoberts et al., 2023). The phylogeny of the Hyalomma sp mtDNA was inferred using the 

maximum parsimony approach. FigTree v 1.4.4 was used to illustrate the resulting trees 

(Rambaut, 2020). 
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3.7.3 Genetic diversity and population genetics of Hyalomma spp 

Relationships between Hyalomma spp haplotypes were estimated using a median-joining 

haplotype network constructed using parsimony criteria in PopArt (Leigh and Bryant, 2015). 

Population diversity indices (number of segregating sites (S), average number of pairwise 

nucleotide differences (K), number of haplotypes (H), haplotype diversity (Hd) and nucleotide 

diversity (π)) were determined overall and for each species using DnaSP v.6 (Rozas et al., 2017). 

Using a median connecting haplotype network built using PopArt's parsimony criterion, 

relationships between Hyalomma spp haplotypes were inferred (Leigh and Bryant, 2015). DnaSP 

v.6 was used to calculate the population diversity indices for each species, including the number 

of segregating sites (S), average number of pairwise nucleotide differences (K), number of 

haplotypes (H), haplotype diversity (Hd), and nucleotide diversity (π) (Rozas et al., 2017). The 

neutrality indices (Tajima's D, Fu and Li's F, and Fu's F) were computed in DnaSPv6 to evaluate 

the selective neutrality hypothesis. Wright's F-statistics for estimating pairwise genetic 

differences (FST), mismatch-distribution, nucleotide substitution per site (Dxy), net nucleotide 

substitution per site (Da), and average number of pairwise nucleotide differences (Kxy) were 

also computed by DnaSP. Using the Tajima-Nei model of replacement with 1000 permutations 

in PopArt, analysis of molecular variance (AMOVA) was utilized to examine the population-

genetic structure both within and between populations (Leigh and Bryant, 2015). 
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CHAPTER FOUR 

RESULTS 

4.1 Tick species obtained 

Morphological identification of a total of 1517 adult ticks was performed. Of these, three 

genera and nine species were identified of which (884/1517, 58.27%) belonged to Rhipicephalus, 

followed by (486/1517, 32.03%) Hyalomma and finally (147/1517, 9.70%) Amblyomma as 

shown in Table 4. Specifically, the identified species were Rhipicephalus pulchellus (48.71%), 

Hyalomma rufipes (20.17%), Amblyomma gemma (13.28%), Hyalomma dromedarii (6.39%), 

Hyalomma truncatum (4.61%), Amblyomma lepidum (2.97%), Hyalomma impeltatum (2.01%), 

Rhipicephalus pravus (1.18%) and Hyalomma albiparmatum (0.73%) as shown in Table 5. All 

the tick species were present during the dry and wet seasons with (801/1517) collected during the 

wet season and (716/1517) collected during the dry season. Rhipicephalus pulchellus was the 

most abundant tick during both seasons while Hyalomma albiparmatum was the least abundant 

tick during both seasons as shown in Table 6. 

Table 4: Number of ticks identified according to their genus and their percentage abundance 

Genus name Total number of ticks Relative abundance 

Amblyomma 147 9.70% 

Hyalomma 486 32.03% 

Rhipicephalus 884 58.27% 

Total 1517 100% 
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Table 5: Number of tick species identified, their sex ratio, and percentage abundance 

Tick species No male 

ticks 

No female 

ticks 

Total 

number of 

ticks 

Male to 

Female 

ratio 

Relative 

abundance 

Amblyomma gemma 117 84 201 1.40 13.28% 

Amblyomma lepidum 45 0 45 0 2.97% 

Hyalomma dromedarii 67 30 97 2.23 6.39% 

Hyalomma rufipes 201 105 306 1.91 20.17% 

Hyalomma albiparmatum 11 0 11 0 0.73% 

Hyalomma truncatum 29 41 70 0.71 4.61% 

Hyalomma impeltatum 12 18 30 0.67 2.01% 

Rhipicephalus pravus 5 13 18 0.38 1.18% 

Rhipicephalus pulchellus 407 332 739 1.22 48.71% 

Total 894 623 1517  100% 

 

Table 6: Number of ticks collected during the wet and dry season of 2015 

Tick species  Season   

 Wet Relative 

abundance 

Dry Relative 

abundance 

Amblyomma gemma 133 16.60% 68 9.50% 

Amblyomma lepidum 35 4.37% 10 1.40% 

Hyalomma dromedarii 47 5.86% 50 6.98% 

Hyalomma rufipes 169 21.12% 137 19.13% 

Hyalomma truncatum 16 1.99% 54 7.54% 

Hyalomma impeltatum 10 1.32% 20 2.79% 

Hyalomma albiparmatum 8 1.00% 3 0.42% 

Rhipicephalus pulchellus 375 46.81% 364 50.84% 

Rhipicephalus pravus 8 1.00% 10 1.40% 

Total 801  716  
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4.2 Morphological identification of ticks 

Morphologically, nine species were identified using morphological markers according to 

Hoogstraal (1956) and Walker et al. (2003). The identification features of the ticks were colour, 

size, scutum, anal groove, festoon, the shape of mouthparts, punctations, and the colour of the 

legs. Images of the ticks obtained are shown in Figures 4, 5, 6, 7, 8, 9, 10 and 11 

  

Figure 4: Amblyomma gemma: Male (left), Female (right). 

  

Figure 5: Hyalomma albiparmatum Male (left); Amblyomma lepidum Male (right) 
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Figure 6: Hyalomma truncatum: Male (left), Female (right). 

  

Figure 7: Hyalomma rufipes: Male (left), Female (right). 

  

Figure 8: Hyalomma dromedarii: Male (left), Female (right). 
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Figure 9: Hyalomma impeltatum Male (left), Female (right). 

  

Figure 10: Rhipicephalus pravus: Male (left), Female (right). 

  

Figure 11: Rhipicephalus pulchellus: Male(right), Female (left). 
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4.3 Molecular identification of ticks using CO1 

Since most of the species were identified using morphological keys and due to the cost 

constraints of sequencing, only two representative ticks from each species were further 

characterized using CO1. 

4.3.1 DNA yield and concentration 

Tick DNA concentration and yield determined by spectrophotometric measurement at 

260nm and 280nm wavelengths (Thermo Scientific NanoDrop™ 2000 UV Spectrophotometer) 

with an average of between 93.4 ng/μl and 216.2 ng/μl as shown in Table 7. 

Table 7: DNA yield and concentration (ng/μl) of individual tick species 

Sample DNA conc 

(ng/μl) 

A260 A280 260/280 260/230 

Amblyomma gemma  216.2 3.283 0.817 4.02 7.62 

Amblyomma lepidum  178.3 2.11 0.742 2.84 2.54 

Hyalomma dromedarii  134.6 2.388 0.967 2.47 1.86 

Hyalomma albiparmatum  197.2 2.072 0.711 2.92 2.52 

Hyalomma truncatum  132.9 3.01 1.457 2.07 0.25 

Hyalomma rufipes  112.3 3.135 1.556 2.01 0.26 

Hyalomma impeltatum 93.4 1.762 0.899 1.96 0.1 

Rhipicephalus pravus 173.4 3.581 1.29 2.78 4.3 

Rhipicephalus pulchellus  180.1 3.075 1.54 2.41 3.6 
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4.3.2 Sequenced products of CO1 

PCR amplification of CO1 was successful and generated a product of about 700 bp, as shown in 

Figure 12. 

 

Figure 12: Agarose gel electrophoresis of CO1 PCR products of the tick species ran in 2% 

agarose gel. 

M: 1kb molecular weight marker (HyperLadder™), 1-9: wells containing loaded DNA samples, 

P: positive control (Rhipicephalus appendiculatus), N: negative control (PCR water). 

4.3.3 Molecular tick identification and phylogenetic analysis of CO1 sequences 

Twenty sequences that had been modified were blasted into the GenBank and identified 

through a comparison with the CO1 gene's associated sequences 

(http://blast.ncbi.nlm.nih.gov/Blast.cgi). As the closest matches to the sequences in this study, 

the sequences with the highest percentage similarity value were obtained from the database and 

used for phylogenetic analysis. Table 8 displays the GenBank sequences that had the highest 

percentage of similarity with the study sequences. 

 

 

 

 

        M         1         2          3          4          5          6         7          8          9          P         N 

700bp 
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Table 8: Identity of tick species, their base pair sizes and percentage similarity value with the 

reference sequences 

Genus Tick Species Reference 

Sequence 

CO1 

Fragment 

Size 

% 

Identity 

Country 

Rhipicephalus Rhipicephalus pulchellus KY678133 786 99 Kenya 

 Rhipicephalus pravus KT307494 658 99 Kenya 

 Rhipicephalus pravus MF361720 658 99 Kenya 

Hyalomma Hyalomma albiparmatum KU130577 644 99 Kenya 

 Hyalomma albiparmatum KU130436 644 99 Kenya 

 Hyalomma impeltatum MT896152 653 99 Kenya 

 Hyalomma dromedarii MT896151 709 99 Kenya 

 Hyalomma dromedarii KT920181 709 99 Iran 

 Hyalomma truncatum AJ437084 793 97 Ethiopia 

 Hyalomma truncatum KU568497 793 97 Guinea 

Bissau  

 Hyalomma rufipes KX000641 672 96 France 

 Hyalomma rufipes MT896154 672 96 Kenya 

Amblyomma Amblyomma lepidum KP987775 698 99 Israel 

 Amblyomma lepidum KT307492 658 99 Kenya 

 Amblyomma gemma MT549815 674 86 China 

 

BLASTn analysis of Rhipicephalus pulchellus, Rhipicephalus pravus, Hyalomma 

albiparmatum, Hyalomma impeltatum, Hyalomma dromedarii, Hyalomma truncatum, 

Hyalomma rufipes and Amblyomma lepidum sequences obtained in this study showed identities 

ranging from 96 to 99% with reference sequences from the GenBank while Amblyomma gemma 

sequence showed 86% similarity with Amblyomma hebraeum (Figure 13). Intraspecific pair-wise 

similarities of Amblyomma gemma ticks from this study compared with five Amblyomma gemma 

sequences retrieved from the Barcode of Life Database (BOLD) BIN (Cluster ID: BOLD: 
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ACG8914) ranged between 98.1% to 99.6% (Figure 14).  Sequences from this study and the 

reference sequences obtained from the GenBank were aligned using the MUSCLE algorithm in 

MEGA v.11. Maximum composite likelihood (ML) method was used in computing evolutionary 

distance. Figures 13 and 14 show the phylogenetic trees generated from the CO1 sequence data 

with reference sequences from the GenBank and BOLD respectively. The branch length 

represents evolutionary changes that have taken place over time and the amount of genetic 

change is represented by a scale of 0.09 and 0.05 respectively. The number of substitutions 

related to the clustering together of the taxa as a bootstrap test that is, the number of substitutions 

per 100 nucleotide sites is shown above the branches. All sequences obtained in this study have been 

deposited in the GenBank under accession numbers OQ457668-OQ457742. 

 

Figure 13: Maximum likelihood phylogenetic tree of tick CO1 mitochondrial gene sequences. 
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The information provided includes GenBank accession numbers, species identifications, and 

country of origin in brackets. Sequences obtained from this study are labelled D1-D1 and bolded. 

Bootstrap values at the major nodes are of percentage agreement among 1000 replicates. The 

branch length scale represents substitutions per site. Argas persicus was used to root the tree. 

 

 

 

 

Figure 14: Maximum likelihood phylogenetic tree of Amblyomma species CO1 mitochondrial 

gene sequences obtained from BOLD database. 

The data supplied include country of origin in brackets, species identifications, and BOLD 

accession numbers. The sequence found in this study is bolded. The major nodes' bootstrap 

values represent the percentage agreement across 1000 replicates. Substitutions for each location 

are represented by the branch length scale. 
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4.4 Hybridisation study of Hyalomma species using CO1 gene 

4.4.1 Sequenced products of CO1 

Ten Hyalomma ticks from each species were further characterized using CO1. Ten more 

pure colonies of Hyalomma dromedarii from ILRI‘s tick unit were also included to ascertain the 

purity of Hyalomma dromedarii from the field.  

PCR amplification of the CO1 gene of representative ticks was successful and generated 

a product of about 823 bp fragment as shown in Figure 15. 

 

 

Figure 15: Agarose gel electrophoresis of CO1 PCR products of the tick species ran in 2% 

agarose gel. 

M: 100bp molecular weight marker (HyperLadder™), 1-13: wells containing loaded DNA 

samples, N: negative control. 

4.4.2 Phylogenetic analysis of Hyalomma CO1 gene 

BLASTn analysis of Hyalomma dromedarii and Hyalomma truncatum sequences 

obtained in this study showed identities of 100% with reference sequences from the GenBank. 

Fourteen Hyalomma rufipes sequences had 100% identity with reference sequences from the 

GenBank while one sequence showed 98% similarity with Hyalomma truncatum sequences from 

both the GenBank and sequences from this study. Sequences from this study and the reference 

sequences obtained from the GenBank were aligned using the MUSCLE algorithm in MEGA 

v.11 and evolutionary distance was computed using the maximum parsimony method (Figure 

16).    

 

823bp 

M     1       2       3      4       5       6      7       8       9      10     11    12     13     N 
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Figure 16: One of the ten equally parsimonious trees for species of Hyalomma using 

mitochondrial COI sequence data. 
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Branch lengths correspond to changes in substitution. Nodes getting more than 70% support 

(based on 1000 replicates) are indicated by bootstrap values. The letters A, B, and C stand for the 

major clades. Samples suspected of being hybrids and reference sequences from Genebank are 

bolded. 

4.4.3 Genetic diversity of Hyalomma species 

Forty sequences of the CO1 gene used to assess the relationship of Hyalomma species fell 

into 23 haplotypes (Figure 17) with 163 variable sites. Hyalomma rufipes had the largest number 

of haplotypes (h=11) followed by Hyalomma dromedarii (h=7), Hyalomma truncatum (h=4) and 

Hyalomma albiparmatum (h=1) (Table 9). 
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Table 9: Various haplotypes of Hyalomma species identified in the current study based on the CO1 gene 

Haplotype No of 

Sequences 

Species Sample 

Hap_1 2 ATH329_Hyalomma rufipes, ATH320 Hyalomma rufipes 

Hap_2 1 ATH306_Hyalomma rufipes 

Hap_3 3 ATH91_Hyalomma rufipes, ATH159_Hyalomma rufipes, ATH28 Hyalomma rufipes 

Hap_4 1 ATH119_Hyalomma rufipes 

Hap_5 7 ATH36_Hyalomma dromedarii, ATH44_Hyalomma dromedarii, ILRI1_Hyalomma dromedarii, 

ATH297_Hyalomma dromedarii, ATH291_Hyalomma dromedarii, ATH196_Hyalomma dromedarii, 

ATH2_Hyalomma dromedarii 

Hap_6 1 ATH281_Hyaloma truncatum 

Hap_7 1 ATH386_Hyalomma dromedarii 

Hap_8 4 ATH335_Hyalomma dromedarii, ATH328_Hyalomma dromedarii, ATH234_Hyalomma dromedarii, 

ATH216_Hyalomma dromedarii 

Hap_9 1 ATH285_Hyalomma rufipes 

Hap_10 1 ATH265_Hyalomma rufipes 
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Hap_11 1 ATH100_Hyalomma rufipes 

Hap_12 1 ATH116_Hyalomma rufipes 

Hap_13 1 ATH261_Hyalomma rufipes 

Hap_14 1 ATH281_Hyalomma truncatum 

Hap_15 1 ATH190_Hyalomma dromedarii 

Hap_16 1 ATH52_Hyalomma dromedarii 

Hap_17 1 ATH271_Hyalomma rufipes 

Hap_18 1 ATH212_Hyalomma dromedarii 

Hap_19 2 ATH150_Hyalomma albiparmatum, ATH232_Hyalomma albiparmatum 

Hap_20 2 ATH214_Hyalomma dromedarii, ATH339_Hyalomma dromedarii 

Hap_21 2 ATH303_Hyalomma truncatum, ATH295_Hyalomma truncatum 

Hap_22 1 ATH319_Hyalomma truncatum 

Hap_23 2 ATH305_Hyalomma rufipes, ATH300_Hyalomma rufipes 
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Figure 17: Median-joining CO1 haplotype network of Hyalomma species. 
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The haplotypes are shown by the circles, which show how many of each haplotype there are. 

Various species are represented by colours. The haplotypes' mutation places are indicated by the 

brief line segments. Hypothetical (unsampled) haplotypes are indicated by black circles joining 

sampled haplotypes. 

The total number of mutations detected in the sequences was 193 with the nucleotide 

diversity (π) and haplotype diversity values as 0.09509±0.00499 and 0.953±0.020 respectively 

and the average number of nucleotide differences (k) was 58.00270. Tajima‘s D, Fu and Li's D 

and Fu and Li's F test statistics were all non-significant with values of 1.00790 (p > 0.10), 

1.31982 (0.10 > p > 0.05) and 1.43958 (p > 0.10) respectively.  

Nucleotide differences between populations (Kxy), average number of nucleotide 

substitutions per site between populations (Dxy), pairwise FST, inter-population nucleotide 

diversity (Nst), population diversity (Hs), synonymous mutation rate (Ks), genetic differentiation 

index based on the frequency of haplotypes (Gst) and the number of net nucleotide substitutions 

per site between populations (Da) are shown in Table 10. AMOVA results (Table 11) showed 

higher genetic variation within among species (83.05%) compared to variation within species 

(16.95%) 

Table 10: Gene flow and genetic differentiation indices between Hyalomma species populations 

POPULATION 1 POPULATION 2 Hs Ks Kxy Gst Nst Fst Dxy Da 

H. rufipes H. dromedarii 0.876 19.427 77.556 0.048 0.751 0.746
NS

 0.127 0.094 

H. rufipes H. truncatum 0.958 19.521 65.266 0.040 0.758 0.752
NS

 0.106 0.080 

H. rufipes H. albiparmatum 0.971 20.201 64.600 0.171 0.822 0.822
NS

 0.105 0.087 

H. dromedarii H. truncatum 0.811 14.784 94.352 0.078 0.871 0.863
NS

 0.154 0.133 

H. dromedarii H. albiparmatum 0.794 14.644 93.941 0.198 0.915 0.912
NS

 0.154 0.140 

H. truncatum H. albiparmatum 0.900 6.714 45.200 0.276 0.900 0.896
NS

 0.074 0.066 

Note: FST: Wright's F-statistics, pairwise genetic distance; Hs: population diversity; Ks: 

synonymous mutation rate; Kxy: Average proportion of nucleotide differences between 

populations; Dxy: The average number of nucleotide substitutions per site between populations; 

Da: The number of net nucleotide substitutions per site between populations; Gst: Genetic 

differentiation index based on the frequency of haplotypes; 
NS

: not significant (p < 0.05). 
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Table 11: AMOVA analysis of population diversity of Hyalomma species based on CO1 gene 

sequences 

Source df Sum of 

squares 

Mean squares % variation Fixation 

index 

Among species 3 75314.657 1901.295 83.05 0.83050
NS

 

Within species 35 13581.702 388.049 16.95  

Total 38 88896.359 2289.344   
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CHAPTER FIVE 

DISCUSSION 

Camels play a significant multi-purpose role in the livelihood of the people of northern 

Kenya and the Kenyan economy. In rural households, camels provide milk, meat, blood, 

transport, and performing traditional rites such as dowry payment and burial ceremonies (Gitao 

et al., 2021). Nationally, they contribute approximately KES 3 billion annually (Yazan and 

Oliver, 2015). However, a disease outbreak affecting camels has been reported in northern 

Kenya since 2015. Acute Camel Death Syndrome (ACDS) is an unknown disease that is 

affecting camel herds in northern Kenya. It is characterized by abrupt onset, fatigue, severe 

respiratory distress, sporadic nervous signs, and nearly 100% mortality in adult animals if 

antibiotic treatment is not received (Gitonga, 2016). The disease threatens over three million 

camels which support a camel meat and milk industry worth approximately US$11 million 

annually and the livelihoods of millions of herders in northern Kenya. However, clinical and 

post-mortem findings from the 2016 outbreak indicated the presence of several disease 

conditions including heartwater, a tick-borne infection, haemorrhagic septicaemia/pasteurellosis 

(Qarir) a bacterial infection, and trypanosomiasis/Surra (Dukan). This formed the rationale of the 

study which aimed at assessing the tick species infesting camels as well as the population genetic 

diversity of Hyalomma species to determine the presence of hybridisation.  

From the findings, a total of 1517 ticks were identified, constituting three genera with 

decreasing relative abundance Rhipicephalus (58.27%), Hyalomma (32.03%), and Amblyomma 

(9.70%). This observation was per the findings of Gebremeskel et al. (2022) and Kiros et al. 

(2014) from Tigray and Borana areas in Ethiopia. Specifically, nine species were identified, with 

Rhipicephalus pulchellus, also known as the zebra tick, being the most abundant while 

Hyalomma albiparmatum was the least abundant. All the nine species identified were collected 

during the dry and wet seasons of 2015 with a slightly higher load observed during the wet 

season than the dry season. This finding agrees with the report of Mapholi et al. (2022) and 

Alanazi et al. (2020). This can be explained by the fact that high humidity facilitates the growth 

and survival of ticks at all their different life stages (Nuttall, 2022). The male-to-female ratio was 

also high, with the male ticks of all species outnumbering the females. This is generally in 

agreement with the report of Belete and Mekuria, (2023) and Onyiche et al., 2022 from various 

domestic animals. The outnumbering of the male ticks is because female ticks once fully 
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engorged, drop off the host to oviposit while males remain on the host for several months and 

continue feeding and mating. 

In the present study, Rhipicephalus pulchellus was the most abundant tick species, with a 

percentage occurrence of 48.71%. This agrees with the findings of Feyera et al. (2017), Silatsa et 

al. (2019), and Getange et al. (2021), who reported a prevalence of 50%, 46.8%, and 48.6%, 

respectively. However, a higher number of Rhipicephalus puchellus was collected during the dry 

season than in the wet season. This disagrees with the report of Walker et al. (2005), which 

described the seasonal data from northern Somalia and eastern Ethiopia on this tick, showing that 

it was most active during the wet season. This can be explained because it is a tick of savannah, 

steppe, and desert climatic regions (Walker et al., 2003). The tick is known to occur at altitudes 

below 2000m with an annual rainfall of 100mm-800mm (Walker et al., 2005). Rhipicephalus 

pulchellus is one of the commonest ticks in North-East Africa to the rift valley and is commonly 

found in areas with high numbers of cattle (Masiga et al., 2022), as is the case at the Athi River 

abattoir.  

Hyalomma rufipes was the second most abundant tick species with a percentage 

abundance of 20.17%. This result agrees with Boulanger et al. (2019), who recorded an 

abundance of 22.9% in Nigeria. A higher number of Hyalomma rufipes was also observed during 

the dry season compared to the wet season. This is per the report of Alanazi et al. (2020). 

Hyalomma rufipes is active during the dry season and is primarily found in desert, semi-desert, 

and arid areas with low rainfall (Vatansever, 2017). Hyalomma rufipes is the primary vector of 

the Crimean-Congo Haemorrhagic Fever Virus (CCHFV) in Africa, which affects humans 

(Walker et al., 2003). CCHFV is one of the underestimated tick diseases in humans despite 

several cases reported in slaughterhouses in the North-Eastern parts of Kenya. A study by Sang 

et al. (2011) and Chiuya et al. (2021), detected CCHFV from three pools of Hyalomma rufipes 

ticks collected from camels at a slaughterhouse in Garissa and Busia respectively. Hyalomma 

rufipes being the second most abundant tick in the present study, highlights the potential risk 

faced by the workers at the abattoir therefore, assessment of human exposure is required as well 

as sensitisation of the population. Transovarial and transtadial transmission of Babesia occultans 

has also been demonstrated (Fesseha et al, 2022). Rickettsia aeschlimanni, Ehrlichia sp, 
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Coxxiella burnetti and Borellia burgdorferi have also been detected in nymphs of Hyalomma 

rufipes (Toma et al., 2014). 

Amblyomma gemma (13.28%) was the third most abundant tick species, with 133 and 68 

ticks being collected in the wet and dry seasons, respectively. This finding agreed with the report 

of Elias et al. (2020), Abdullahi et al. (2019), and Onyiche et al. (2020), who reported a 

prevalence of 15.00%, 13.60%, and 11.35%, respectively, and is quite the opposite with the 

finding of Abebaw, (2004), Alanazi et al. (2020) and Gelelcha et al. (2019) who reported a 

prevalence of 5.79%, 4.10%, and 7.10%. Amblyomma gemma is known to be prevalent in many 

parts of Somalia, Ethiopia, Tanzania, Kenya, and eastern Uganda (Walker et al., 2003). It has 

been shown to occur in areas receiving 100-800mm annual rainfall and is widely distributed in 

bushland, woodland, grassland and wooded habitats in semi-arid and arid areas between the 

altitudes of 500-1750m receiving 350-750mm rainfall annually (Wondimu and Bayu, 2021) 

which is the case at the Athi River abattoir in Machakos County. According to Walker et al. 

(2003), the tick is not known to be of economic importance; however, its long mouthparts are 

significant in causing udder damage and are a risk factor for mastitis in camels (Elias et al, 2020; 

Onyiche et al., 2020). 

Hyalomma dromedarii (6.39%) was the fourth most abundant tick in this area. This 

finding is comparable to Elias et al. (2020) and Alanazi et al. (2020) who reported an abundance 

of 3.9% and 5.9%, respectively. However, this disagreed heavily with the findings of Desalegn et 

al. (2015), Kaba (2022), Abdullahi et al. (2019), and Getange et al. (2021), who reported an 

abundance of 20.4%, 15.36%, 15.4%, and 26.8% respectively. This difference could be due to 

the variation in the ecology of the study areas. Hyalomma dromedarii is the most utterly desert-

adapted tick in Africa and has been shown to exist at altitudes of 1700m in arid ecological zones 

(Wondimu and Bayu, 2021). However, Walker et al. (2003) described this tick‘s distribution in 

regions with Mediterranean and steppe climates in addition to deserts. Dromedary camels are the 

primary host of Hyalomma dromedarii; thus, their presence is mainly in regions where camels 

exist (Walker et al., 2003), which is not the case in our study area the possibility that the camels 

might have carried these ticks from their county of origin. 

Hyalomma truncatum (4.61%) was among the moderately abundant tick species, with 16 

and 54 ticks collected during the wet and dry seasons. This differed slightly from the findings of 
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Alanazi et al. (2020) who reported an abundance of 7.19%. Hyalomma truncatum is a tick 

adapted to dry environments and areas of little vegetation; therefore, it is widespread in arid and 

semi-arid regions of eastern, central, and southern Africa (Walker et al., 2003). This tick is found 

in areas of 1070-1700m altitude. Yawa et al. (2018) reported this species as mainly from 900-

1800m altitude with some populations down to 600m in Tanzania and Kenya. Guglielmone et al. 

(2014) stated that this tick was collected from sea level to just over 2400m in altitude. It is 

restricted to regions of long, continuous dry seasons of over 3-7 months and between 650-

1300mm mean annual rainfall, just as Machakos County.  

 Amblyomma lepidum had an abundance of 2.97%, with 35 and 10 ticks being collected 

during the wet and dry season, respectively. This finding was comparable to that of Hussen and 

Agonafir (2018), who had a relative prevalence of 3.02%. At the same time, it was higher than 

that of Feyera et al. (2017) who reported an abundance of 1.1%. Amblyomma lepidum occupies 

intermediate habitats between wet and dry zones (Wondimu and Bayu, 2021). It has been found 

in areas of 670-1500m in altitude and a mean annual rainfall of less than 250mm (Guglielmone 

et al., 2014), which is way lower than that reported by Wondimu and Bayu, (2021), which is 

between 750-1000mm. Therefore, the prevalence of Amblyomma lepidum is high during the long 

dry season of about 4-7 months. However, this disagreed with our findings which showed 

Amblyomma lepidum having a high abundance in the wet season. Golo et al. (2017) showed that 

Amblyomma lepidum had a low prevalence during the dry season with a gradual increase in 

numbers during the wet season. Amblyomma lepidum has been shown to transmit Ehrlichia 

ruminantium, which causes heartwater, and the protozoans Theileria mutans and Theileria 

velifera, which causes benign bovine theileriosis (Walker et al., 2003).   

Hyalomma impeltatum had an abundance of 2.01%. This finding was almost similar to 

that of Onyiche et al. (2020), who reported an abundance of 3.00%, while it disagrees with the 

results of Alanazi et al. (2020) who reported a very low abundance of 0.10%. Hyalomma 

impeltatum closely resembles Hyalomma dromedarii, with the difference being the marginal 

lines and the punctation pattern in males (Walker et al., 2003). Hyalomma impeltatum is a 

species of the Near East, North Africa, West Africa, and East Africa. It is reported to occur in 

areas with between 500-750mm mean annual rainfall and from 900-1500m altitude in Tanzania, 
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while it has also been shown to occur in areas with altitudes below 600m and less than 250mm 

mean annual rainfall (Kasaija et al., 2021). 

Other species that were collected include Rhipicephalus pravus and Hyalomma 

albiparmatum. Rhipicephalus pravus was the second least abundant tick species with an 

abundance of 1.40%. It is a species sensitive to the length of the dry season, preferring areas with 

a long dry season of up to six continuous months (Kasaija et al., 2021; Shekede et al., 2021). 

Hyalomma albiparmatum was the least abundant tick in this study, with a percentage abundance 

of 0.42%. This tick highly resembles Hyalomma truncatum and has even been cited as the 

synonym of Hyalomma truncatum (Sands et al., 2017). The difference between the males of 

Hyalomma truncatum and Hyalomma albiparmatum is an ivory-coloured parma in the central 

festoon (Walker et al., 2003). However, it is impossible to distinguish between females of H. 

albiparmatum and Hyalomma truncatum, which could explain the absence of Hyalomma 

albiparmatum females in this study. According to Guglielmone et al. (2014), this tick is confined 

to East Africa (Kenya and Tanzania). It has been shown to transmit Rickettsia conorii (Bonnet et 

al., 2023). 

BLASTn searches on GenBank using the CO1 gene marker confirmed the morphological 

identification of eight tick species with identity percentages ranging between 96-99% while 

Amblyomma gemma showed an identity percentage of 86% with Amblyomma hebreaum.  

However, intraspecific pair-wise similarities of Amblyomma gemma ticks from this study 

compared with five Amblyomma gemma sequences retrieved from the BOLD database ranged 

between 98.1% to 99.6%. The conflict between Amblyomma gemma reference sequences in 

BOLD and GenBank could be attributed to either errors in the reference libraries or the query 

sequences (Pentinsaari, 2020). 

DNA barcoding has been widely used to distinguish animal species using COI as the 

standard marker and has been proven to be very effective (Antil et al., 2023). In species that 

possess difficulties in taxonomic resolution, DNA barcodes have been applied for routine species 

identification, detection of hybrid species and detection of host-specific lineages within species 

(Ramírez et al., 2014). An ideal DNA barcode needs to be cost-effective, reliable and allow fast 

species identification by users having no or little experience in taxonomy (Antil et al., 2023). In 
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population genetics studies, DNA barcodes relay the first signal to the extent of divergence 

therefore facilitating comparative population studies in different species (Kaur and Singh, 2020). 

BOLD and GenBank are the two main public databases of DNA barcode data for 

animals, plants and fungi. However, these databases are faced with a myriad of challenges 

including ―dirty data‖ that might arise as a result of misidentification or poor-quality sequences 

which might infer wrong taxa. According to Meiklejohn et al., (2019), most errors reported in 

the GenBank were as a result of cross-contamination as most sequences for Hexagenia limbata 

were a truncated version of that for Glossina palpalis. It is therefore recommended to rely on and 

correctly identify species morphologically and only use the GenBank or BOLD as a confirmation 

or in extreme cases where morphology cannot be relied upon.  

Molecular markers for species identification rely on homology searches against 

sequences in important databases. Since individual divergence levels within the same species are 

lower than those of closely related species, a high identity between these sequences indicates 

genetic similarities (Kelava et al., 2023). Since mitochondrial genes have a large copy number 

per cell and evolve more rapidly than nuclear genes, they have been shown to offer significant 

advantages as molecular markers (Abouelhassan et al., 2019). As a result, they can be used to 

analyse variations between closely related individuals within a species. Because it is flanked by 

universal primers that have been utilized for investigations on a variety of metazoan taxa, the 650 

base pair fragment at the 5' end of the CO1 gene, also known as the "Folmer region," has been 

employed under the international DNA barcoding program (Rach et al., 2017). 

Furthermore, the mitochondrial protein-coding gene COI has other aspects which make it 

stand out as an appropriate molecular marker in studying evolution. COI as the terminal catalyst 

in the respiratory chain has been well studied at the biochemical level. This gene consists of 

highly variable and conserved regions with distinct rates of mutation which makes it useful for 

evolutionary studies (Kaur and Singh, 2020). COI is also the largest among the cytochrome 

oxidase subunits therefore making it the largest mitochondrial protein coding gene in the 

metazoan taxa which allows the amplification and sequencing of many functional nucleotides 

than in any other mitochondrial gene (Pentinsaari et al., 2016). The third nucleotide position that 

codes for proteins in COI has a high rate of substitution resulting in a greater molecular evolution 

rate compared to other mitochondrial genes (Young and Hebert, 2015). Finally, the amino acid 
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sequence of COI evolves slowly which helps in resolving species at higher species levels (Hoque 

et al., 2022). It is because of the above reasons that COI was chosen for the present study 

however it should be combined with other molecular markers to get better inferences due to 

some limitations with this gene. 

Despite the wide distribution of Hyalomma tick species in camels and its role as a vector 

for a wide array of pathogens, little is known about its population genetics and diversity. In the 

current study, population genetic diversity and haplotype networking of Hyalomma spp based on 

the CO1 gene were assessed. In this study, no Hyalomma species formed a monophyletic group. 

Using maximum parsimony phylogenetic analysis, just one sample of Hyalomma rufipes was 

indistinguishable from Hyalomma truncatum. Introgressive hybridisation, or the insertion of 

genes from one species into the gene pool of another, may help to explain this. 

According to Rees et al. (2003), males of Hyalomma dromedarii and Hyalomma rufipes 

and the females of Hyalomma trancatum have been shown to hybridise producing putative 

hybrids. These hybrids are indistinguishable from the female (Hyalomma truncatum) in terms of 

the CO1 gene since CO1 is maternally inherited. The maximum parsimony method was used to 

build the Hyalomma species phylogenetic tree since it determines evolutionary relationships 

among different species based on the least changes that might have brought the present traits 

(Hekimoglu and Ozer, 2017). However, phylogenetic analysis is poorly descriptive of variations 

found in gene sequences therefore it was only used to correctly identify the Hyalomma species in 

their respective clades. 

To resolve this, we used the haplotype network analysis which is more reliable even in 

members of the same species since it detects single nucleotide variations between sequences 

(Dumaidi et al., 2020). Out of 23 haplotypes, Hap_3 and Hap_5 for Hyalomma rufipes and 

Hyalomma dromedarii respectively were widespread indicating the possibility of ancestral 

sequences as compared to the other haplotypes. The presence of different haplotypes as shown 

might favour interbreeding and subsequently increase genetic recombination (Wang et al., 2019). 

Hap_3 was also unique in that single haplotypes around it formed a stellate shape which 

indicates low sequence divergence and high levels of unique mutations hinting at rapid 

population expansion. 
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Molecular diversity indices demonstrated overall low nucleotide diversity and a high 

haplotype diversity which is a signature of population expansion (Zhao et al., 2021). Despite 

many haplotypes (23 out of 40 sequences), some differed from each other marginally while 

Hap_7 and Hap_18 of Hyalomma dromedarii differed significantly from the rest indicating that 

species in these two haplotypes have been accumulating mutations over time. The genetic 

differentiation indices between species were high (0.746-0.912) indicating high genetic 

differentiation between the species. Genetic differentiation is based on Wright‘s F-statistic which 

permits analysis and measurement of genetic distance between sub-populations using the concept 

that the sub-populations which are not inter-breeding will have diverse allele frequencies 

compared to those in the total population (Matthee, 2020). Fst values between H. rufipes and H. 

dromedarii and between H. rufipes and H. truncatum were comparable and quite lower than 

between H. rufipes and H. alpibarmatum, H.dromedarii and H. truncatum and H. dromedarii 

and H. albiparmatum. This shows that there might be a degree of similarity between H. rufipes 

and H. dromedarii and H. rufipes and H. truncatum with H. rufipes possibly driving the gene 

flow between these species however more studies need to be undertaken using a large sample 

size to confirm this hypothesis. AMOVA results coincided with Fst as it showed a higher 

percentage variation among species but a low percentage variation within species. 
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CHAPTER SIX 

SUMMARY, CONCLUSIONS AND RECOMMENDATIONS 

Summary 

Camels are vital to the livelihoods of people in northern Kenya, providing milk, meat, 

and transport, while also contributing approximately KES 3 billion annually to the national 

economy. However, since 2015, an outbreak of Acute Camel Death Syndrome (ACDS) has 

posed a serious threat to camel populations, leading to nearly 100% mortality without treatment. 

The study investigated tick infestations on camels, revealing 1,517 ticks from three genera, with 

Rhipicephalus (58.27%) being the most abundant, followed by Hyalomma (32.03%) and 

Amblyomma (9.70%). Rhipicephalus pulchellus was the predominant species, with its abundance 

varying by season, contrary to earlier reports. Hyalomma rufipes, the second most abundant tick, 

poses a risk due to its role as a vector for Crimean-Congo Hemorrhagic Fever Virus.  

DNA barcoding confirmed species identification, revealing high identity percentages (96-

99%) for most species. Genetic analysis using the CO1 gene showed low nucleotide diversity but 

high haplotype diversity among Hyalomma species, indicating potential interbreeding and 

genetic expansion. Phylogenetic analysis suggested introgressive hybridization, particularly 

among Hyalomma rufipes and Hyalomma truncatum. The study highlights the ecological and 

health implications of tick infestations in camels, underscoring the need for monitoring and 

control. 

Conclusions 

This study shows a wide array of tick species infesting camels from three different genera 

(Rhipicephalus, Hyalomma and Amblyomma) with Rhipicephalus pulchellus the most abundant 

tick while Hyalomma albiparmatum was the least abundant. Molecular identification using COI 

gene sequences obtained from 15 representative samples was consistent with the morphology 

and confirmed the tick diversity.  

Molecular diversity indices of Hyalomma species showed overall low nucleotide 

diversity and high haplotype diversity while genetic differentiation indices between species were 

high. Wright‘s F statistics showed some degree of similarity between three species of Hyalomma 

ticks with Hyalomma rufipes hypothetically assumed to drive the gene flow. 
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Future, present, and previous efforts are impacted by the existence of morphologically 

undetectable hybrids. The necessity of the present morphological evaluations, which should be 

accompanied by genomic validation, has been brought to light by this work. It is advised to use 

genomic techniques to identify phenotypic features that more reliably distinguish between 

species and hybrids to achieve higher accuracy in species identifications. Rapid climate change is 

bringing together animals that might not have otherwise interacted as they adjust to dwindling 

habitats. A parasite's host range, diseases, and hybridisation between two closely related species 

can all be further expanded through hybridisation, making newly developed host species more 

vulnerable to parasitic infection and disease than those that coevolved with the parasite. 

The detection of hybridisation between Hyalomma rufipes and Hyalomma truncatum 

from this study raises several questions; How widespread is hybridisation in Hyalomma species? 

Are Hyalomma hybrids fertile? If yes, what are the fitness consequences of hybridisation? Does 

hybridisation affect the role of these species as disease vectors? Are other species of Hyalomma 

involved? Does hybridisation occur in other genera of ticks and how widespread is it? Is 

hybridisation linked to host use? These and further challenges await. 

Recommendations 

Based on the outcomes of this study, the following recommendations are put forward: 

1. A comprehensive tick surveillance program in camel-rearing counties to monitor tick 

populations and their dynamics should be established. Regular assessments can help 

identify seasonal patterns and potential risks associated with tick-borne diseases, enabling 

timely interventions. 

2. Researchers should actively confirm molecular identification through morphological 

analysis before utilizing sequences from biological databases. This approach minimizes 

reliance on potentially inaccurate sequences, ensuring reliable species identification and 

enhancing the validity of subsequent research and ecological assessments. 

3. Further additional studies focusing on the genetic diversity and hybridization among tick 

species, particularly within the Hyalomma genus should be done. Understanding the 

implications of interspecific hybridization can inform management strategies and aid in 

predicting the spread of tick-borne pathogens, ultimately contributing to improved public 

health outcomes. 



56 
 

REFERENCES 

Abbott, R. J., Barton, N. H., and Good, J. M. (2016). Genomics of hybridisation and its 

evolutionary consequences. Molecular ecology, 12, 203-225. 

Abdullah, H. H., El-Shanawany, E. E., Abdel-Shafy, S., Abou-Zeina, H. A., and Abdel-Rahman, 

E. H. (2018). Molecular and immunological characterisation of Hyalomma dromedarii 

and Hyalomma excavatum (Acari: Ixodidae) vectors of Q fever in camels. Veterinary 

World, 11(8), 1109-1115.  

Abdullah, S., Helps, C., Tasker, S., Newbury, H., and Wall, R. (2018). Prevalence and 

distribution of Borrelia and Babesia species in ticks feeding on dogs in the UK. Medical 

and Veterinary Entomology, 32(1), 14-22.  

Abdullahi, M., Mohammed, A. K., and Okubanjo, O. O. (2019). prevalence of tick infestation on 

the one-humped camels (Camelus dromedarius) in semi-arid region of Sokoto state, 

Nigeria. Nigerian Journal of Animal Production, 40-43. 

Abebaw, G. (2004). Seasonal dynamics and host preference of Boophilus decoloratus on 

naturally infested cattle in Jimma zone, Southwestern Ethiopia. Ethiopian Veterinary 

Journal, 18(1), 19-28. 

Abouelhassan, E. M., El-Gawady, H. M., Abdel-Aal, A. A., El-Gayar, A. K., and Esteve-

Gassent, M. D. (2019). Comparison of some molecular markers for tick species 

identification. Journal of Arthropod-Borne Diseases, 13(2), 153-160. 

Akwongo, C. J., and Byaruhanga, C. (2024). Epidemiology of Anaplasma species amongst cattle 

in Africa from 1970 to 2022: a systematic review and meta-analysis. Preventive 

Veterinary Medicine, 106214-106228. 

Alanazi, A. D., Nguyen, V. L., Alyousif, M. S., Manoj, R. R., Alouffi, A. S., Donato, R., and 

Otranto, D. (2020). Ticks and associated pathogens in camels (Camelus dromedarius) 

from Riyadh Province, Saudi Arabia. Parasites & vectors, 13, 1-9. 

Al-Deeb, M. A., Muzaffar, S. B., Abu-Zeid, Y. A., Enan, M. R., and Karim, S. (2015). First 

record of a spotted fever group Rickettsia sp. and Theileria annulata in Hyalomma 

dromedarii (Acari: Ixodidae) ticks in the United Arab Emirates. Florida Entomologist, 

135-139. 



57 
 

Al-Harrasi, M., Al-Habsi, K., Ali, H., Al-Marzooqi, W., Al-Kharousi, K., Al-Hamrashdi, A., and 

Elshafie, E. I. (2023). Circulation of Trypanosoma evansi antibodies and risk variables 

among dromedary camels in Al Batinah governorates, Sultanate of Oman. Veterinary 

Parasitology: Regional Studies and Reports, 40, 100863-100878. 

Amzati, G. S., Djikeng, A., Odongo, D. O., Nimpaye, H., Sibeko, K. P., Muhigwa, J. B. B., and 

Marcotty, T. (2019). Genetic and antigenic variation of the bovine tick-borne pathogen 

Theileria parva in the Great Lakes region of Central Africa. Parasites and Vectors, 12(1), 

1-19. 

Antil, S., Abraham, J. S., Sripoorna, S., Maurya, S., Dagar, J., Makhija, S., and Toteja, R. (2023). 

DNA barcoding, an effective tool for species identification: a review. Molecular biology 

reports, 50(1), 761-775. 

Aslam, A. F. M., Sultana, S., Rain, F. F., Das, S. R., Siddika, A., and Howlader, A. J. (2019). 

Molecular characterization and identification of three stored grain pests based on 

mitochondrial cytochrome C oxidase subunit I (COI) gene sequences. Bangladesh 

Journal of Zoology, 47(1), 1-11. 

Asmare, K., Abayneh, T., Sibhat, B., Shiferaw, D., Szonyi, B., Krontveit, R. I., and Wieland, B. 

(2017). Major vectors and vector-borne diseases in small ruminants in Ethiopia: a 

systematic review. Acta tropica, 170, 95-104. 

Azmat, M., Ijaz, M., Farooqi, S. H., Ghaffar, A., Ali, A., Masud, A., and Zhang, H. (2018). 

Molecular epidemiology, associated risk factors, and phylogenetic analysis of 

anaplasmosis in camel. Microbial pathogenesis, 123, 377-384. 

Babu, K. N., Sheeja, T. E., Minoo, D., Rajesh, M. K., Samsudeen, K., Suraby, E. J., and Kumar, 

I. P. V. (2021). Random amplified polymorphic DNA (RAPD) and derived 

techniques. Molecular Plant Taxonomy: Methods and Protocols, 219-247. 

Balinandi, S., Chitimia-Dobler, L., Grandi, G., Nakayiki, T., Kabasa, W., Bbira, J., and Mugisha, 

L. (2020). Morphological and molecular identification of ixodid tick species (Acari: 

Ixodidae) infesting cattle in Uganda. Parasitology Research, 119, 2411-2420. 

Barghash, S. M., Hafez, A. A., Darwish, A. M., and El-Naga, T. R. A. (2016). Molecular 

detection of pathogens in ticks infesting camels in Matrouh Governorate, Egypt. Journal 

of Bacteriology and Parasitology, 7(259), 1-7. 



58 
 

Barnden, B., Slender, A. L., Sharrad, R. D., and Gardner, M. G. (2023). Changes in parasite 

species distributions could be driven by host range expansions: the case of hybridisation 

between two Australian reptile ticks. Australian Journal of Zoology, 70(5), 153-163. 

Belete, W., and Mekuria, S. (2023). Prevalence, species identification, and associated risk factor 

Ixodid tick infestation of cattle in Selamago District southern Ethiopia. Environmental 

health insights, 17, 11786302231211076. 

Bezerra-Santos, M. A., Dantas-Torres, F., Benelli, G., and Otranto, D. (2023). Emerging 

parasites and vectors in a rapidly changing world: from ecology to management. Acta 

Tropica, 238, 106746-106758. 

Bhowmick, B., and Han, Q. (2020). Understanding tick biology and its implications in anti-tick 

and transmission-blocking vaccines against tick-borne pathogens. Frontiers in Veterinary 

Science, 7, 319-315. 

Bilbija, B., Spitzweg, C., Papoušek, I., Fritz, U., Földvári, G., Mullett, M., and Široký, P. (2023). 

Dermacentor reticulatus–a tick on its way from glacial refugia to a panmictic Eurasian 

population. International journal for parasitology, 53(2), 91-101. 

Bitume, E. V., Bean, D., Stahlke, A. R., and Hufbauer, R. A. (2017). Hybridization affects life-

history traits and host specificity in Diorhabda spp. Biological control, 111, 45-52. 

Bonneaud, C., and Longdon, B. (2020). Emerging pathogen evolution: using evolutionary theory 

to understand the fate of novel infectious pathogens. EMBO reports, 21(9), e51374. 

Bonnet, S. I., Bertagnoli, S., Falchi, A., Figoni, J., Fite, J., Hoch, T., and Vial, L. (2023). An 

update of evidence for pathogen transmission by ticks of the genus 

Hyalomma. Pathogens, 12(4), 513-525. 

Bornstein, S., and Younan, M. (2013). Significant veterinary research on the dromedary camels 

of Kenya: Past and Present. Journal of Camelid Science, 6, 1-48. 

Boulanger, N., Boyer, P., Talagrand-Reboul, E., and Hansmann, Y. (2019). Ticks and tick-borne 

diseases. Medecine et maladies infectieuses, 49(2), 87-97. 



59 
 

Bournez, L., Cangi, N., Lancelot, R., Pleydell, D. R. J., Stachurski, F., Bouyer, J., and Pradel, J. 

(2015). Parapatric distribution and sexual competition between two tick species, 

Amblyomma variegatum and A. hebraeum (Acari, Ixodidae), in Mozambique. Parasites 

and Vectors, 8, 1-14. 

Brauer, C. J., Sandoval-Castillo, J., Gates, K., Hammer, M. P., Unmack, P. J., Bernatchez, L., 

and Beheregaray, L. B. (2023). Natural hybridization reduces vulnerability to climate 

change. Nature Climate Change, 13(3), 282-289. 

Cangi, N., Pinarello, V., Bournez, L., Lefrançois, T., Albina, E., Neves, L., and Vachiéry, N. 

(2017). Efficient high-throughput molecular method to detect Ehrlichia ruminantium in 

ticks. Parasites & Vectors, 10, 1-12. 

CDC. (2017, December 31). Ticks. Retrieved July 29, 2019 from 

https://www.cdc.gov/dpdx/ticks/index.html  

Chiuya, T., Masiga, D. K., Falzon, L. C., Bastos, A. D., Fèvre, E. M., and Villinger, J. (2021). 

Tick‐borne pathogens, including Crimean‐Congo haemorrhagic fever virus, at livestock 

markets and slaughterhouses in western Kenya. Transboundary and emerging 

diseases, 68(4), 2429-2445. 

Dantas-Torres, F. (2018). Species concepts: what about ticks? Trends in Parasitology, 34(12), 

1017-1026. 

Dantas-Torres, F., Martins, T. F., Muñoz-Leal, S., Onofrio, V. C., and Barros-Battesti, D. M. 

(2019). Ticks (Ixodida: Argasidae, Ixodidae) of Brazil: Updated species checklist and 

taxonomic keys. Ticks and tick-borne diseases, 10(6), 101252-101260. 

De la Fuente, J., Antunes, S., Bonnet, S., Cabezas-Cruz, A., Domingos, A. G., Estrada-Peña, A., 

and Rego, R. O. (2017). Tick-pathogen interactions and vector competence: identification 

of molecular drivers for tick-borne diseases. Frontiers in cellular and infection 

microbiology, 7, 114-125. 

https://www.cdc.gov/dpdx/ticks/index.html


60 
 

De la Fuente, J., Kopáček, P., Lew‐Tabor, A., and Maritz‐Olivier, C. (2016). Strategies for new 

and improved vaccines against ticks and tick‐borne diseases. Parasite 

immunology, 38(12), 754-769. 

Deem, S. L., Fèvre, E. M., Kinnaird, M., Browne, A. S., Muloi, D., Godeke, G. J., and Reusken, 

C. B. (2015). Serological evidence of MERS-CoV antibodies in dromedary camels 

(Camelus dromedaries) in Laikipia County, Kenya. PLoS One, 10(10), e0140125. 

Desalegn, T., Fikru, A., and Kasaye, S. (2015). Survey of tick infestation in domestic ruminants 

of Haramaya District, Eastern Hararghe, Ethiopia. Journal of Bacteriology and 

Parasitology, 6(5), 246-255. 

Dominguez, L., Martins, T. F., Kadoch, N., and Bermúdez, S. (2023). First report of Amblyomma 

varium (Ixodida: Ixodidae) as hosts of Ixodiphagus sp. (Hymenoptera: 

Encyrtidae). Systematic and Applied Acarology, 28(12), 2171-2176. 

Donath, A., Jühling, F., Al-Arab, M., Bernhart, S. H., Reinhardt, F., Stadler, P. F., and Bernt, M. 

(2019). Improved annotation of protein-coding genes boundaries in metazoan 

mitochondrial genomes. Nucleic acids research, 47(20), 10543-10552. 

Dong, Z., Wang, Y., Li, C., Li, L., and Men, X. (2021). Mitochondrial DNA as a molecular 

marker in insect ecology: Current status and future prospects. Annals of the 

Entomological Society of America, 114(4), 470-476. 

Driscoll, T. P., Verhoeve, V. I., Beier-Sexton, M., Azad, A. F., and Gillespie, J. J. (2021). The 

Family Rickettsiaceae. In Practical Handbook of Microbiology (pp. 511-526). CRC 

Press. 

Du, C. H., Sun, Y., Xu, R. M., and Shao, Z. (2018). Description of Haemaphysalis (Alloceraea) 

Kolonini sp. nov., a new species in subgenus Alloceraea Schulze (Ixodidae: 

Haemaphysalis) in China. Acta Parasitologica, 63(4), 678-691. 

Dumaidi, K., Qaraqe, H., Al-Jawabreh, A., Abu-Helu, R., Samarah, F., and Al-Jawabreh, H. 

(2020). Genetic diversity, haplotype analysis, and risk factor assessment of hepatitis A 

virus isolates from the West Bank, Palestine during the period between 2014 and 

2016. Plos one, 15(12), e0240339. 



61 
 

Elias, M., Hailu, Y., and Jilo, K. (2020). Prevalence, risk factors and species diversity of ixodid 

ticks that parasitize dromedary camel in Yabello District of Borana Zone, Southern 

Ethiopia. Journal of Parasitology and Vector Biology, 12(2), 52-59. 

El-Naga, T. R. A., and Barghash, S. M. (2016). Blood Parasites in Camels (Camelus 

dromedarius) in Northern west coast of Egypt. Journal of Bacteriology and Parasitology, 

7(258), 2-6. 

FAO (2018). An introduction to the basic concepts of food security. Food security information 

for action practical guide. EC-FAO Food security program pp; 1-3. Retrieved August 15, 

2019 from www.fao.org/docrep/013/al936e/al936e00.pdf  

Fesseha, H., and Desta, W. (2020). Dromedary camel and its adaptation mechanisms to desert 

environment: a review. International Journal of Zoology Studies, 5, 8-23. 

Fesseha, H., Mathewos, M., Eshetu, E., and Tefera, B. (2022). Babesiosis in cattle and ixodid 

tick distribution in Dasenech and Salamago Districts, southern Ethiopia. Scientific 

Reports, 12(1), 6385-6398. 

Feuerstein, C. A., Kovach, R. P., Kruse, C. G., Jaeger, M. E., Bell, D. A., Robinson, Z. L., and 

Whiteley, A. R. (2024). Genetic variation and hybridization determine the outcomes of 

conservation reintroductions. Conservation Letters, e13049. 

Feyera, T., Megersa, M., Maalin, K., Gizaw, Y., and Asmare, T. (2017). Major Ectoparasites 

Infesting Camelus dromedarius in Three Districts of Somali Regional State, Eastern 

Ethiopia. World Applied Sciences Journal, 35(1), 96-103. 

Gao, Y., Harris, A. J., Li, H., and Gao, X. (2020). Hybrid speciation and introgression both 

underlie the genetic structures and evolutionary relationships of three morphologically 

distinct species of Lilium (Liliaceae) forming a hybrid zone along an elevational 

gradient. Frontiers in Plant Science, 11, 576407-576420. 

Gebremeskel, A. K., Mekbib, B., and Dabesa, B. (2022). Infestation of Ixodidae Ticks in Cattle: 

Prevalence and Associated Risk Factors in Ambo District, Western Ethiopia. East African 

Journal of Biophysical and Computational Sciences, 3(1), 17-22. 

Gelelcha, L., Mathewos, S., and Abiso, M. (2019). Ixodidae tick distribution on cattle, cross 

sectional study in and around Mizan Teferi, SNNP region, Ethiopia. International 

Journal of Advanced Multidisciplinary Research 6(12), 6-15. 

http://www.fao.org/docrep/013/al936e/al936e00.pdf


62 
 

Gerem, B., Eskezia, B., and Desta, A. (2016). Review on the impact of ticks on livestock health 

and productivity. Journal of Biology Agriculture and Healthcare, 6(22), 1-7. 

Getange, D., Bargul, J. L., Kanduma, E., Collins, M., Bodha, B., Denge, D., and Villinger, J. 

(2021). Ticks and tick-borne pathogens associated with dromedary camels (Camelus 

dromedarius) in northern Kenya. Microorganisms, 9(7), 1414-1427. 

Ghafar, M. W., and Shobrak, M. Y. (2014). Molecular detection and characterisation of 

Anaplasma phagocytophilum, the causative agent of human granulocytic anaplasmosis, in 

some animals suspected to be competent reservoirs in Taif district, Kingdom of Saudi 

Arabia. Life Science Journal, 11, 63-69. 

Gharbi, M., Darghouth, M. A., Elati, K., AL‐Hosary, A. A., Ayadi, O., Salih, D. A., and Ahmed, 

J. (2020). Current status of tropical theileriosis in Northern Africa: A review of recent 

epidemiological investigations and implications for control. Transboundary and 

emerging diseases, 67, 8-25. 

Gitao, C. G., Matofari, W. J., and Abey, A. K. (2021). Pastoral camel husbandry practices in 

Kenya. SOAK project pp; 8-9. Retrieved October 10, 2024 from https://idl-bnc-

idrc.dspacedirect.org/server/api/core/bitstreams/ddd260d2-81e1-458f-9a49-

f71228f3ba48/content  

Gitonga, P. N. (2016). Acute Camel Death Syndrome: Outbreak Investigation Report for Wajir 

County. University of Nairobi: Nairobi, Kenya. 

Golo, D., Wubishet, Z., Tadelle, S., Kula, J., Gete, G., and Garu, L. (2017). Composition, 

prevalence and abundance of Ixodid cattle ticks at Ethio-Kenyan Border, Dillo district of 

Borana Zone, southern Ethiopia. Journal of Veterinary Medicine and Animal 

Health, 9(8), 204-212. 

Guglielmone, A. A., Robbins, R. G., Apanaskevich, D. A., Petney, T. N., Estrada-Peña, A., and 

Horak, I. G. (2014). The hard ticks of the world. Springer, Dordrecht.  10, 978-994. 

Hakimi, H., Templeton, T. J., Sakaguchi, M., Yamagishi, J., Miyazaki, S., Yahata, K., and 

Asada, M. (2020). Novel Babesia bovis exported proteins that modify properties of 

infected red blood cells. PLoS Pathogens, 16(10), e1008917. 

Harr, B., and Price, T. (2014). Climate change: a hybrid zone moves north. Current 

Biology, 24(6), R230-R232. 

https://idl-bnc-idrc.dspacedirect.org/server/api/core/bitstreams/ddd260d2-81e1-458f-9a49-f71228f3ba48/content
https://idl-bnc-idrc.dspacedirect.org/server/api/core/bitstreams/ddd260d2-81e1-458f-9a49-f71228f3ba48/content
https://idl-bnc-idrc.dspacedirect.org/server/api/core/bitstreams/ddd260d2-81e1-458f-9a49-f71228f3ba48/content


63 
 

Hasselman, D. J., Argo, E. E., McBride, M. C., Bentzen, P., Schultz, T. F., Perez‐Umphrey, A. 

A., and Palkovacs, E. P. (2014). Human disturbance causes the formation of a hybrid 

swarm between two naturally sympatric fish species. Molecular ecology, 23(5), 1137-

1152. 

Hekimoglu, O., and Ozer, A. N. (2017). Distribution and phylogeny of Hyalomma ticks (Acari: 

Ixodidae) in Turkey. Experimental and Applied Acarology, 73, 501-519. 

Henderson, I. R., and Salt, D. E. (2017). Natural genetic variation and hybridization in 

plants. Journal of Experimental Botany, 68(20), 5415-5417. 

Hoogstraal H (1956). African Ixodidae, ticks of the Sudan with special reference to equatoria 

province and preliminary reviews of the genera Boophilus, Margaropus and Hyalomma. 

Research Report NM 00505029, Navy, Bureau of Medical Surgery, Washington DC., 

USA pp. 1-1101. 

Hoque, M. M., Valentine, M. J., Kelly, P. J., Barua, S., Murillo, D. F. B., and Wang, C. (2022). 

Modification of the Folmer primers for the cytochrome c oxidase gene facilitates 

identification of mosquitoes. Parasites and Vectors, 15(1), 437-450. 

Horak, I. G., Heyne, H., Williams, R., Gallivan, G. J., Spickett, A. M., Bezuidenhout, J. D., and 

Estrada-Pena, A. (2018). The ixodid ticks (Acari: Ixodidae) of southern Africa. Springer. 

Hornok, S., Takács, N., Szekeres, S., Szőke, K., Kontschán, J., Horváth, G., and Sugár, L. 

(2020). DNA of Theileria orientalis, T. equi and T. capreoli in stable flies (Stomoxys 

calcitrans). Parasites & vectors, 13, 1-6. 

Hoter, A., Rizk, S., and Naim, H. Y. (2019). Cellular and molecular adaptation of Arabian camel 

to heat stress. Frontiers in Genetics, 10, 588-600. 

Hunter, E. A., Matocq, M. D., Murphy, P. J., and Shoemaker, K. T. (2017). Differential effects 

of climate on survival rates drive hybrid zone movement. Current Biology, 27(24), 3898-

3903. 



64 
 

Hussen, A. H., and Agonafir, A. (2018). A study on ticks affecting camels (Camelus 

dromedarius) in Jigjiga district of Somali region, Eastern Ethiopia. International Journal 

of Advanced Research in Biological Sciences, 5(9), 121-130. 

Hurtado, O. J. B., and Giraldo-Ríos, C. (2018). Economic and health impact of the ticks in 

production animals. Ticks and tick-borne pathogens, 9, 1-9. 

Isako, T., and Kimindu, V. (2019). Camel milk value chain in Kenya: a review. Journal of 

Marketing and Consumer Research, 58, 51-64. 

Itenge, T. O., Haikukutu, L., and Lyaku, J. R. (2020). The Bovine Major Histocompatibility 

Complex and Its Role in Tick and Tick-borne Disease Resistance and Immune 

Responsiveness in Bos Indicus and their Crosses with Bos Taurus in Sub-Saharan Africa: 

A Review. Welwitschia International Journal of Agricultural Sciences, 2, 67-80. 

Jamil, M., Latif, N., Gul, J., Kashif, M., Khan, A., Ali, M., and Ullah, N. (2022). A review: An 

insight into the potential of biological control of ticks in domestic and wild 

animals. Abasyn Journal of Life Sciences, 5(2), 51-67. 

Kaba, T. (2022). Geographical distribution of ixodid ticks and tick-borne pathogens of domestic 

animals in Ethiopia: a systematic review. Parasites and Vectors, 15(1), 108-120. 

Kagunyu, A. W., and Wanjohi, J. (2014). Camel rearing replacing cattle production among the 

Borana community in Isiolo County of Northern Kenya, as climate variability 

bites. Pastoralism, 4(1), 1-5. 

Karrar, G. (1960). Rickettsial infection (heart-water) in sheep and goats in the Sudan. British 

Veterinary Journal, 116, 105-114. 

Kasaija, P. D., Estrada-Peña, A., Contreras, M., Kirunda, H., and de la Fuente, J. (2021). Cattle 

ticks and tick-borne diseases: a review of Uganda's situation. Ticks and Tick-borne 

Diseases, 12(5), 101756-101780. 

Kaur, R., and Singh, D. (2020). Molecular markers a valuable tool for species identification of 

insects: A review. Annals of Entomology, 38(01-02), 01-02. 

Kaya, S., and Çıplak, B. (2018). Possibility of numt co-amplification from gigantic genome of 

Orthoptera: testing efficiency of standard PCR protocol in producing orthologous COI 

sequences. Heliyon, 4(11), 174-197. 



65 
 

Kelava, S., Mans, B. J., Shao, R., Barker, D., Teo, E. J., Chatanga, E., and Barker, S. C. (2023). 

Seventy-eight entire mitochondrial genomes and nuclear rRNA genes provide insight into 

the phylogeny of the hard ticks, particularly the Haemaphysalis species, Africaniella 

transversale and Robertsicus elaphensis. Ticks and Tick-borne Diseases, 14(2), 102070-

102082. 

Kidambasi, K. O., Masiga, D. K., Villinger, J., Carrington, M., and Bargul, J. L. (2019). 

Detection of blood pathogens in camels and their associated ectoparasitic camel biting 

keds, Hippobosca camelina: the potential application of keds in xenodiagnosis of camel 

haemopathogens. AAS Open Research, 2, 164-170. 

King, K. C., Stelkens, R. B., Webster, J. P., Smith, D. F., and Brockhurst, M. A. (2015). 

Hybridization in parasites: consequences for adaptive evolution, pathogenesis, and public 

health in a changing world. PLoS pathogens, 11(9), e1005098. 

Kiros, S., Awol, N., Tsegaye, Y., and Hadush, B. (2014). Hard ticks of camel in Southern zone 

of Tigray, Northern Ethiopia. Journal of Parasitology and Vector Biology, 6(10), 151-

155. 

Kovalev, S. Y., Golovljova, I. V., and Mukhacheva, T. A. (2016). Natural hybridization between 

Ixodes ricinus and Ixodes persulcatus ticks evidenced by molecular genetics 

methods. Ticks and tick-borne diseases, 7(1), 113-118. 

Kowalczyk, M., Staniszewski, A., Kamiñska, K., Domaradzki, P., and Horecka, B. (2021). 

Advantages, possibilities, and limitations of mitochondrial DNA analysis in molecular 

identification. Folia Biologica (Kraków), 69(3), 101-111. 

Kumsa, B., Laroche, M., Almeras, L., Mediannikov, O., Raoult, D., and Parola, P. (2016). 

Morphological, molecular and MALDI-TOF mass spectrometry identification of ixodid 

tick species collected in Oromia, Ethiopia. Parasitology research, 115, 4199-4210. 

Lautenschlager, S. (2016). Reconstructing the past: methods and techniques for the digital 

restoration of fossils. Royal Society Open Science, 3(10), 160342-160360. 



66 
 

Leigh, J. W., and Bryant, D. (2015). POPART: full-feature software for haplotype network 

construction. Methods in ecology and evolution, 6(9), 1110-1116. 

Lew-Tabor, A. E., and Valle, M. R. (2016). A review of reverse vaccinology approaches for the 

development of vaccines against ticks and tick-borne diseases. Ticks and Tick-Borne 

Diseases, 7(4), 573-585.  

Lv, J., Wu, S., Zhang, Y., Chen, Y., Feng, C., Yuan, X., and Lin, X. (2014). Assessment of four 

DNA fragments (COI, 16S rDNA, ITS2, 12S rDNA) for species identification of the 

Ixodida (Acari: Ixodida). Parasites and vectors, 7, 1-11. 

Mapholi, N. O., Banga, C., Dzama, K., Matika, O., Riggio, V., Nyangiwe, N., and Maiwashe, A. 

(2022). Prevalence and tick loads in Nguni cattle reared in different environmental 

conditions across four provinces of South Africa. Veterinary World, 15(8), 1943-1950. 

Maqbool, M., Sajid, M. S., Saqib, M., Anjum, F. R., Tayyab, M. H., Rizwan, H. M., and 

Rahman, S. U. (2022). Potential mechanisms of transmission of tick-borne viruses at the 

virus-tick interface. Frontiers in Microbiology, 13, 846884-846898. 

Marwal, A., and Gaur, R. K. (2020). Molecular markers: tool for genetic analysis. In Animal 

biotechnology (pp. 353-372). Academic Press. 

Masiga, D., Ten Bosch, Q., Villinger, J., Koenraadt, C. J., and Kalayou, S. (2022). Epidemiology 

of tick-borne pathogens of cattle and tick control practices in coastal Kenya. Preventive 

Veterinary Medicine, 209, 105777-105790. 

Matthee, C. A. (2020). The influence of host dispersal on the gene flow and genetic diversity of 

generalist and specialist ectoparasites. African Zoology, 55(2), 119-126. 

McRoberts, R. E., Næsset, E., Hou, Z., Ståhl, G., Saarela, S., Esteban, J., and Chirici, G. (2023). 

How many bootstrap replications are necessary for estimating remote sensing-assisted, 

model-based standard errors?. Remote Sensing of Environment, 288, 113455-113470. 

Meiklejohn, K. A., Damaso, N., and Robertson, J. M. (2019). Assessment of BOLD and 

GenBank–Their accuracy and reliability for the identification of biological 

materials. PloS one, 14(6), e0217084. 



67 
 

Mirahmadi, H., Ghaderi, A., Barani, S., Alijani, E., Mehravaran, A., and Shafiei, R. (2022). 

Prevalence of camel babesiosis in southeast of Iran. Veterinary Medicine and 

Science, 8(1), 343-348. 

Moezi, V., Sarani, A., Hashemi, H., and Rasekh, M. (2016). Molecular study of Theileria 

camelensis and Theileria dromedarii strains based on sequence of 18 S ribosomal DNA 

fragment in camels. Journal of Fundamental and Applied Sciences, 8(2), 399-406. 

Mostaan, S., Ghasemzadeh, A., Sardari, S., Shokrgozar, M. A., Brujeni, G. N., Abolhassani, M., 

and Karam, M. R. A. (2020). Pasteurella multocida vaccine candidates: A systematic 

review. Avicenna journal of medical biotechnology, 12(3), 140-156. 

Moumene, A., and Meyer, D. F. (2016). Ehrlichia's molecular tricks to manipulate their host 

cells. Microbes and Infection, 18(3), 172-179. 

Mwamuye, M. M., Kariuki, E., Omondi, D., Kabii, J., Odongo, D., Masiga, D., and Villinger, J. 

(2017). Novel Rickettsia and emergent tick-borne pathogens: A molecular survey of ticks 

and tick-borne pathogens in Shimba Hills National Reserve, Kenya. Ticks and Tick-Borne 

Diseases, 8(2), 208-218.  

Nater, A., Burri, R., Kawakami, T., Smeds, L., and Ellegren, H. (2015). Resolving evolutionary 

relationships in closely related species with whole-genome sequencing data. Systematic 

Biology, 64(6), 1000-1017. 

Nuttall, P. A. (2022). Climate change impacts on ticks and tick-borne infections. Biologia, 77(6), 

1503-1512. 

Ogden, N. H., Ben Beard, C., Ginsberg, H. S., and Tsao, J. I. (2021). Possible effects of climate 

change on ixodid ticks and the pathogens they transmit: Predictions and 

observations. Journal of Medical Entomology, 58(4), 1536-1545. 

Onyiche, T. E., Răileanu, C., Tauchmann, O., Fischer, S., Vasić, A., Schäfer, M., and Silaghi, C. 

(2020). Prevalence and molecular characterization of ticks and tick-borne pathogens of 

one-humped camels (Camelus dromedarius) in Nigeria. Parasites and Vectors, 13, 1-16. 

Oundo, J. W. A. A., Villinger, J., Jeneby, M., Ong‘amo, G., Otiende, M. Y., Makhulu, E. E., and 

Wambua, L. (2020). Pathogens, endosymbionts, and blood-meal sources of host-seeking 

ticks in the fast-changing Maasai Mara wildlife ecosystem. PLoS One, 15(8), e0228366. 



68 
 

Panicker, V. P., Haridas, P. C., Narayanan, A., Mohammed, S., and Babu, B. C. (2019). 

Mitochondrial 12S rRNA gene sequence analysis, a tool for species 

identification. Journal of Wildlife and Biodiversity, 3(3), 29-35. 

Pedraza-Marrón, C. D. R., Silva, R., Deeds, J., Van Belleghem, S. M., Mastretta-Yanes, A., 

Domínguez-Domínguez, O., and Betancur-R, R. (2019). Genomics overrules 

mitochondrial DNA, siding with morphology on a controversial case of species 

delimitation. Proceedings of the Royal Society B, 286(1900), 20182924. 

Pegram, R. G., Tatchell, R. J., Castro, J. J. De, Creek, M. J., Moran, M. C., and Nigarura, G. 

(2014). Tick control : New concepts. FAO Reports, 1–17. Available at: 

http://www.fao.org/3/U9550T/u9550T04.html  

Pentinsaari, M., Ratnasingham, S., Miller, S. E., and Hebert, P. D. (2020). BOLD and GenBank 

revisited–Do identification errors arise in the lab or in the sequence libraries? PloS 

one, 15(4), 45-50.  

Pentinsaari, M., Salmela, H., Mutanen, M., and Roslin, T. (2016). Molecular evolution of a 

widely-adopted taxonomic marker (COI) across the animal tree of life. Scientific 

reports, 6(1), 35275-35290. 

Pereira, C. V., Gitschlag, B. L., and Patel, M. R. (2021). Cellular mechanisms of mtDNA 

heteroplasmy dynamics. Critical reviews in biochemistry and molecular biology, 56(5), 

510-525. 

Pfaffle, M., Černá Bolfíková, B., Hulva, P., and Petney, T. (2014). Different parasite faunas in 

sympatric populations of sister hedgehog species in a secondary contact zone. PloS 

one, 9(12), e114030. 

Rach, J., Bergmann, T., Paknia, O., DeSalle, R., Schierwater, B., and Hadrys, H. (2017). The 

marker choice: Unexpected resolving power of an unexplored CO1 region for layered 

DNA barcoding approaches. PloS one, 12(4), e0174842. 

Rambaut, A. FigTree; Version 1.4.4; University of Edinburgh: Edinburgh, UK, 2020. 

http://www.fao.org/3/U9550T/u9550T04.html


69 
 

Ramírez, R., Bakke, T. A., and Harris, P. D. (2014). Same barcode, different biology: differential 

patterns of infectivity, specificity and pathogenicity in two almost identical parasite 

strains. International Journal for Parasitology, 44(8), 543-549. 

Ramos, R. A. N., de Macedo, L. O., Bezerra-Santos, M. A., de Carvalho, G. A., Verocai, G. G., 

and Otranto, D. (2023). The role of parasitoid wasps, Ixodiphagus spp. (Hymenoptera: 

Encyrtidae), in tick control. Pathogens, 12(5), 676-689. 

Ramzan, M., Murtaza, G., Sattar, A., Munawar, N., Ullah, A., Ejaz, A., and Kamran, F. (2021). 

Techniques for managing ticks and tick-borne diseases under changing climate; A 

review. Egyptian Academic Journal of Biological Sciences, B. Zoology, 13(1), 117-128. 

Rees, D. J., Dioli, M., and Kirkendall, L. R. (2003). Molecules and morphology: evidence for 

cryptic hybridisation in African Hyalomma (Acari: Ixodidae). Molecular phylogenetics 

and evolution, 27(1), 131-142. 

Rego, R. O., Trentelman, J. J., Anguita, J., Nijhof, A. M., Sprong, H., Klempa, B., and Hovius, J. 

W. (2019). Counterattacking the tick bite: towards a rational design of anti-tick vaccines 

targeting pathogen transmission. Parasites and vectors, 12, 1-20. 

Rosbjerg, A., Genster, N., Pilely, K., and Garred, P. (2017). Evasion mechanisms used by 

pathogens to escape the lectin complement pathway. Frontiers in Microbiology, 8, 868-

873. 

Rozas, J., Ferrer-Mata, A., Sánchez-DelBarrio, J. C., Guirao-Rico, S., Librado, P., Ramos-

Onsins, S. E., and Sánchez-Gracia, A. (2017). DnaSP 6: DNA sequence polymorphism 

analysis of large data sets. Molecular biology and evolution, 34(12), 3299-3302. 

Rubel, F., Brugger, K., Chitimia-Dobler, L., Dautel, H., Meyer-Kayser, E., and Kahl, O. (2021). 

Atlas of ticks (Acari: argasidae, ixodidae) in Germany. Experimental and Applied 

Acarology, 84(1), 183-214. 

Sands, A. F., Apanaskevich, D. A., Matthee, S., Horak, I. G., and Matthee, C. A. (2017). The 

effect of host vicariance and parasite life history on the dispersal of the multi‐host 

ectoparasite, Hyalomma truncatum. Journal of Biogeography, 44(5), 1124-1136. 

Sang, R., Lutomiah, J., Koka, H., Makio, A., Chepkorir, E., Ochieng, C., and Schnabel, D. 

(2011). Crimean-Congo hemorrhagic fever virus in Hyalommid ticks, north-eastern 

Kenya. Emerging Infectious Diseases, 17(8), 1502-1507. 



70 
 

Seddigh, S., and Darabi, M. (2018). Functional, structural, and phylogenetic analysis of 

mitochondrial cytochrome b (cytb) in insects. Mitochondrial DNA Part A, 29(2), 236-

249. 

Sheeja, T. E., Kumar, I. P. V., Giridhari, A., Minoo, D., Rajesh, M. K., and Babu, K. N. (2021). 

Amplified fragment length polymorphism: applications and recent 

developments. Molecular Plant Taxonomy: Methods and Protocols, 187-218. 

Shekede, M. D., Chikerema, S. M., Spargo, M., Gwitira, I., Kusangaya, S., Mazhindu, A. N., and 

Ndhlovu, D. N. (2021). Spatial clustering of fourteen tick species across districts of 

Zimbabwe. BMC Veterinary Research, 17, 1-9. 

Shyma, K. P., Gupta, J. P., and Singh, V. (2015). Breeding strategies for tick resistance in 

tropical cattle: a sustainable approach for tick control. Journal of Parasitic Diseases, 39, 

1-6. 

Silatsa, B. A., Simo, G., Githaka, N., Mwaura, S., Kamga, R. M., Oumarou, F., and Pelle, R. 

(2019). A comprehensive survey of the prevalence and spatial distribution of ticks 

infesting cattle in different agro-ecological zones of Cameroon. Parasites and 

vectors, 12, 1-14. 

Singh, N., Singh, D., Kesavan, A. K., Alabdallah, N. M., Alshehri, M. A., Sayed, S., and Bala, 

M. (2022). Cytochrome Oxidase Subunit II: Potential Marker for the Identification of 

Forensically Significant Species of Coleoptera—A Preliminary Study. Diversity, 14(5), 

369-378. 

SNV (2018). Progress report on the National conference on public private partnership in the 

Development and management of livestock marketing in the ASALs. 

Sonenshine, D. E., and Roe, R. M. (Eds.). (2014). Biology of ticks (Vol. 2). Oxford University 

Press, USA, 1, 1-447 

Sparagano, O., Földvári, G., Derdáková, M., and Kazimírová, M. (2022). New challenges posed 

by ticks and tick-borne diseases. Biologia, 77(6), 1497-1501. 

Subbanna, A. R. N. S., Kalyana babu, B., Stanley, J., Jain, S. K., Bhatt, J. C., and Bisht, J. K. 

(2016). Phylogeny and genetic divergence of Indian Himalayan population of Anomala 

dimidiata (Coleoptera: Scarabaeidae) inferred from mitochondrial DNA 

sequences. Agricultural research, 5, 64-71. 



71 
 

Sudan, V., Sharma, R. L., and Borah, M. K. (2014). Subclinical anaplasmosis in camel (Camelus 

dromedarius) and its successful therapeutic management. Journal of Parasitic Diseases, 

38(2), 163-165. 

Sun, Y., Xu, R., Liu, Z., Wu, M., and Qin, T. (2019). Ornithodoros (Ornithodoros) huajianensis 

sp. nov.(Acari, argasidae), a new tick species from the Mongolian marmot (Marmota 

bobak sibirica), Gansu province in China. International Journal for Parasitology: 

Parasites and Wildlife, 9, 209-217. 

Sungirai, M., Madder, M., Moyo, D. Z., De Clercq, P., and Abatih, E. N. (2015). An update on 

the ecological distribution of the Ixodidae ticks in Zimbabwe. Experimental and Applied 

Acarology, 66, 269-280. 

Swelum, A. A., Ismael, A. B., Khalaf, A. F., and Abouheif, M. A. (2014). Clinical and laboratory 

findings associated with naturally occurring babesiosis in dromedary camels. Bulletin of 

the Veterinary Institute in Pulawy, 58(2), 229-233. 

Tamura, K., Stecher, G., and Kumar, S. (2021). MEGA11: molecular evolutionary genetics 

analysis version 11. Molecular biology and evolution, 38(7), 3022-3027. 

Tan, W. H., Chai, L. C., and Chin, C. F. (2020). Efficacy of DNA barcode internal transcribed 

spacer 2 (ITS 2) in phylogenetic study of Alpinia species from Peninsular 

Malaysia. Physiology and Molecular Biology of Plants, 26(9), 1889-1896. 

Taylor, S. A., Larson, E. L., and Harrison, R. G. (2015). Hybrid zones: windows on climate 

change. Trends in ecology & evolution, 30(7), 398-406. 

Teama, S. (2018). DNA polymorphisms: DNA-based molecular markers and their application in 

medicine. Genetic Diversity and Disease Susceptibility, 25, 420-428. 

Theodosopoulos, A. N., Hund, A. K., and Taylor, S. A. (2019). Parasites and host species 

barriers in animal hybrid zones. Trends in Ecology & Evolution, 34(1), 19-30. 

Toma, L., Mancini, F., Di Luca, M., Cecere, J. G., Bianchi, R., Khoury, C., and Ciervo, A. 

(2014). Detection of microbial agents in ticks collected from migratory birds in central 

Italy. Vector-Borne and Zoonotic Diseases, 14(3), 199-205. 



72 
 

Tsagareli, M. G., and Nozadze, I. (2020). An overview on transient receptor potential channels 

superfamily. Behavioural Pharmacology, 31(5), 413-434. 

VanderWaal, K., Gilbertson, M., Okanga, S., Allan, B. F., and Craft, M. E. (2017). Seasonality 

and pathogen transmission in pastoral cattle contact networks. Royal Society Open 

Science, 4(12), 12-20. 

Vatansever, Z. (2017). Hyalomma rufipes Koch, 1844 (Figs. 142–144). In Ticks of Europe and 

North Africa (pp. 355-359). Springer, Cham. 

Venzal, J. M., Castillo, G. N., Gonzalez-Rivas, C. J., Mangold, A. J., and Nava, S. (2019). 

Description of Ornithodoros montensis n. sp.(Acari, Ixodida: Argasidae), a parasite of the 

toad Rhinella arenarum (Amphibia, Anura: Bufonidae) in the Monte Desert of 

Argentina. Experimental and Applied Acarology, 78, 133-147. 

Vergne, T., Kamyinkird, K., Desquesnes, M., and Jittapalapong, S. (2015). Attempted 

transmission of Trypanosoma evansi to rats and mice by direct ingestion of contaminated 

blood and via engorged ticks. Acta Protozoologica, 50(2), 133-136. 

Walker, A. R., Bouattour, A., Camicas, J. L., Estrada-Peña, A., Horak, I. G., Latif, A. A., 

Pegram, R. G., and Preston, P. M. (2003). Ticks of Domestic Animals in Africa : a Guide 

to Identification of Species. (pp. 3-210). Edinburg, UK: Bioscience Reports. 

Walker, J. B., Keirans, J. E., and Horak, I. G. (2005). The genus Rhipicephalus (Acari, 

Ixodidae): a guide to the brown ticks of the world. (pp. 120-210) Cambridge University 

Press, UK: Bioscience Reports 

Wang, T., Zhang, S., Pei, T., Yu, Z., and Liu, J. (2019). Tick mitochondrial genomes: structural 

characteristics and phylogenetic implications. Parasites and vectors, 12(1), 1-15. 

Watson, E. E., Kochore, H. H., and Dabasso, B. H. (2016). Camels and climate resilience: 

adaptation in northern Kenya. Human Ecology, 44(6), 701-713. 

Westram, A. M., Faria, R., Johannesson, K., and Butlin, R. (2021). Using replicate hybrid zones 

to understand the genomic basis of adaptive divergence. Molecular ecology, 30(15), 

3797-3814. 

Wondimu, A., and Bayu, Y. (2021). Identification and prevalence of ixodid ticks of cattle in case 

of haramaya eastern hararghe, Ethiopia. Veterinary Medicine International, 2021(1), 

8836547-8836560. 



73 
 

Wulff, T. F., Arguello, R. J., Molina Jordan, M., Roura Frigole, H., Hauquier, G., Filonava, L.,  

and Torres, A. G. (2017). Detection of a subset of posttranscriptional transfer RNA 

modifications in vivo with a restriction fragment length polymorphism-based 

method. Biochemistry, 56(31), 4029-4038. 

Xue, L., Moreira, J. D., Smith, K. K., and Fetterman, J. L. (2023). The mighty NUMT: 

mitochondrial DNA flexing its code in the nuclear genome. Biomolecules, 13(5), 753-

772. 

Yawa, M., Nyangiwe, N., Muchenje, V., Kadzere, C. T., Mpendulo, T. C., and Marufu, M. C. 

(2018). Ecological preferences and seasonal dynamics of ticks (Acari: Ixodidae) on and 

off bovine hosts in the Eastern Cape Province, South Africa. Experimental and Applied 

Acarology, 74, 317-328. 

Yazan, A.M., and Oliver, V.W., (2015). Economic and nutritional contribution of camels in 

Kenya. Country report, pp 19-20 

Young, M. R., and Hebert, P. D. (2015). Patterns of protein evolution in cytochrome c oxidase 1 

(COI) from the class Arachnida. PLoS One, 10(8), e0135053. 

Zerfu, T. A., Nguyen, G., Duncan, A. J., Baltenweck, I., Brown, F., Iannotti, L. L., and McNeill, 

G. (2023). Associations between livestock keeping, morbidity and nutritional status of 

children and women in low-and middle-income countries: a systematic review. Nutrition 

Research Reviews, 36(2), 526-543. 

Zhao, L., Shan, B., Song, N., and Gao, T. (2021). Genetic diversity and population structure of 

Acanthopagrus schlegelii inferred from mtDNA sequences. Regional Studies in Marine 

Science, 41, 101532-101545. 

  



74 
 

APPENDICES 

Appendix I: Low quality 5‘ end of a CO1 sequence chromatogram showing unclear nucleotide peaks 
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Appendix II: High quality 5‘ end of a CO1 sequence chromatogram showing clear nucleotide peaks 
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Appendix III: A section of the multiple alignment of the CO1 fragment 
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Appendix IV: Estimates of Evolutionary Divergence between Sequences.  

The number of base substitutions per site from between sequences is shown. Analyses were conducted using the Tajima-Nei model. 

This analysis involved 51 nucleotide sequences. All ambiguous positions were removed for each sequence pair (pairwise deletion 

option). There were a total of 892 positions in the final dataset. Evolutionary analyses were conducted in MEGA11.  
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Appendix V: Genetic differentiation estimates table 

Population Number of 

sequences 

Number of 

segregating 

sites (S) 

Number of 

haplotypes 

Haplotype 

diversity 

(Hd) 

Average 

number of 

differences 

(K) 

Nucleotide 

diversity (π) 

Nucleotide 

diversity 

with Jukes 

and Cantor 

correction 

Hyalomma 

rufipes 

15 126 12 0.97143 22.89524 0.03753 0.04058 

Hyalomma 

dromedarii 

17 74 7 0.79412 16.36765 0.02683 

 

0.02904 

Hyalomma 

truncatum 

5 21 4 0.90000 9.40000 0.01541 0.01560 

Hyalomma 

albiparmatum 

2. 0 1 0.00000 0.00000 0.00000 0.00000 

TOTAL 39 163 23 0.94602 58.02969 

 

0.09513  
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Appendix VI: Summary of numbers of camels sampled in 2015 prior to slaughter at Athi River, showing the five regions of origin for 

camels sampled at Athi River, animal numbers, sex and median age(interquartile range [IQR]). 

Sampling Site Origin of Camels Animals Sampled (male/females) Median Age in Years (IQR) 

Athi River  Isiolo 35(22/13) 6(5) 

 Wajir 51(25/26) 10(3.5) 

 West Pokot 5(1/4) 11(2) 

 Baringo 8(4/4) 5(1.75) 

 Marsabit 131 (44/87) 10(6.25) 

 Total 230(96/134) 10(5) 
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