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Abstract 

Ticks are important vectors of pathogens that impact both livestock and human health. Among 

the significant tick species in South Africa, transmitting economically important diseases to 

livestock are Amblyomma hebraeum and Rhipicephalus evertsi evertsi. Amblyomma hebraeum 

is a vector for Ehrlichia ruminantium, causing heartwater in cattle, sheep, and goats. It also 

transmits Rickettsia africae, responsible for tick-bite fever in human. R. e evertsi transmits 

Coxiella spp. in sheep, and Anaplasma marginale, causing anaplasmosis in cattle.  This study 

investigated the bacterial diversity and veterinary important pathogens harboured by A. 

hebraeum and R. e. evertsi ticks in sheep and goats from the North West Province of South 

Africa. Ixodid ticks were collected from different farms in Mahikeng and Matlwang village 

and were identified using morphological and molecular techniques. Molecular identification 

targeting the 16S rRNA and 18S rRNA genes sequences was performed on the A. hebraeum 

and R. e. evertsi ticks. Bacterial communities associated with these tick species were 

investigated using next-generation sequencing (NGS) technques performed using high-

throughput sequencing of the V3–V4 hypervariable regions of the 16S rRNA gene on the 

Illumina MiSeq platform. Key differences in bacterial communities among these tick species 

were further exploited. The ticks collected from Mahikeng were morphologically identified as 

A. hebraeum. They were characterized by their legs, which had distinctive red and white rings, 

and a notably ornate scutum with yellow, green, brown, and black markings. Meanwhile, ticks 

collected frm Matlwang were identified as R. e. evertsi, characterized by their dark brown 

bodies, reddish-orange lateral sides and reddish-orange legs. Amplicon gene sequencing 

revealed significant sequence similarity, with 18S rRNA gene sequences exhibiting 99.36–

99.87% identity to known GenBank sequences of the investigated tick species. Phylogenetic 

analysis based on 16S and 18S rRNA gene sequences demonstrated strong monophyletic 

clustering, clearly distinguishing between the two tick genera. Next-generation sequencing 

showed that both tick species were primarily associated with Proteobacteria, with A. hebraeum 

from sheep showing a high abundance of 82.8%, indicating significant reliance on this phylum 

for survival. Amblyomma hebraeum was mainly composed of Rickettsia spp., which comprised 

61.42% of its bacterial composition. Meanwhile, R. e. evertsi exhibited greater bacterial 

diversity, including various taxa such as Acinetobacter and Pseudomonas species, particularly 

from sheep, hosting 8,425 unique taxa (27.8%) compared to A. hebraeum's 4,402 (9%). Both 
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species shared 1,534 bacterial taxa, representing 63.1% of their core microbiome, pointing to 

conserved microbial functions. Their predicted functional pathways related to energy 

metabolism, carbon, and nitrogen cycling highlight their ecological adaptability. The study's 

findings demonstrate that host species significantly influence the tick microbiome, with ticks 

from sheep  exhibiting more stable and less variable bacterial communities compared to those 

from goats. The R. e. evertsi ticks demonstrated greater bacterial diversity, including more 

Actinobacteria in goat-derived ticks. The molecular identification of ticks provided a genetic 

library of local or regional tick fauna, especially in underrepresented areas of the local farming 

system, where tick diversity is high yet under-documented. Data generated in this study will 

contribute to guiding the development of tick surveillance systems, risk mapping and disease 

control efforts in South African livestock production systems. 

 

Keywords: Amblyomma hebraeum, Rhipicephalus evertsi evertsi, 16S rRNA, 18S rRNA, 

bacterial communities, next-generation sequencing, bacterial diversity   
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1. CHAPTER 1 

General introduction 
 

1.1. Background 

Ticks of the Ixodidae family pose significant threat to livestock health, resulting in economic 

losses and health challenges. Their infestation can result in reduced milk production in dairy 

cows, weight loss in young animals, and infertility in breeding stock, all which contributes to 

significant economic losses for farmers and livestock producers (Rajput et al. 2006; Desta, 

2016). Apart from being agricultural pests, ticks are vectors of zoonotic pathogens 

transmissible to humans via bites or direct contact with infected animals, causing diseases 

(Akutse et al., 2020).  

In South Africa, common tick species infesting livestock are Amblyomma hebraeum, 

Rhipicephalus (Boophilus) microplus, Rhipicephalus appendiculatus, and Rhipicephalus 

evertsi evertsi, being the most common in cattle, goats and sheep (Horak, 2009). The common 

tick-borne diseases (TBDs) pathogens transmitted by these ticks include Anaplasma marginale 

, Coxiella burnetii, which causes Q fever, Ehrlichia ruminantium, which causes heartwater 

disease ( also known as cowdriosis) in domestic and wild ruminants such as cattle, sheep and 

goats, and some wildlife species  and Rickettsia africae , which causes Rickettsia africae which 

causes African tick bite fever in humans ( Khoza, 2024; Mtshali et al., 2015; Thekisoe et al., 

2023 ). These diseases can lead to severe health implications if not detected and treated early. 

Tick-borne pathogen (TBP) surveillance is imperative for improving diagnostic methods, 

particulary the detectiong of emerging pathogens, as molecular techniques have enhanced the 

ability and capacity to detect novel disease-causing agents (Tijsse-Klasen et al., 2014). A key 

driver of the emergence and recognition of TBDs has been the rapid expansion of geographic 

range and abundance of medically important, human-biting tick species over the past several 

decades (Eisen et al. 2016, Sonenshine 2018; Molaei et al. 2019).  

The taxonomy of ixodid ticks has traditionally relied on morphological analysis, however, it is 

challenging to identify species using morphology alone, especially when collected in the larval 

and/or nymphal life stages (McCann et al., 2019). The genetic methods, which include 

amplification and sequencing of the mitochondrial 16S rRNA, CO1, 12S rRNA 18S rRNA and 

ITS2 genes, have improved the efficiency of tick identification, the depth of the phylogenetic 
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research and further aided in eucidating the dversity of different tick species (Lv et al., 2014; 

Ghosh et al., 2020; Kneubehl et al., 2022). Molecular surveillance of TBDs in livestock has 

been extensively documented in KwaZulu-Natal and Limpopo provinces, with a moderate 

body of research emerging from the Eastern Cape, Mpumalanga, and Gauteng (Choopa, 2015;, 

2021; Lungile, 2024; Khoza, 2024; Mtshali, 2012; Iweriebor  et al., 2022 ). However, data 

from the North West, Free State, Northern Cape and Western Cape provinces remain limited. 

Furthermore, molecular surveillance and the characterization of veterinary important bacterial 

pathogens circulating in livestock in Potchefstroom and Mahikeng cities of North West 

province remain limited.  

Next-generation sequencing (NGS) technology has revolutionised the field of genomics, 

enabling researchers to better understand infectious diseases (Van Borm et al., 2015; Malikovic 

et al., 2020). Next generation sequencing’ technology can assist track the spread of TBDs 

through sequencing the DNA or RNA of the disease-causing pathogens habored by ticks. This 

approach can provide important information about the pathogens present in ticks and their 

geographic distribution (Eisen and Paddock, 2021), as well as improved understanding of the 

complex interactions between ticks, pathogens and hosts (Bonnet et al., 2021; Cabezas-Cruz 

et al., 2018).  

1.2. Problem statement  

In the North West province of South Africa, where livestock farming is a crucial part of the 

ecosystem, tick species such as A. hebraeum and R. e. evertsi are prevalent (Spickett et al., 

2011). These ticks play a significant role in livestock health, and understanding their genetic 

diversity and microbiome composition is essential. The microbiome, which consists of various 

microorganisms within ticks, affects their ability to spread diseases and cope with 

environmental changes (Bonnet and Pollet, 2021). Additionally, the genetic diversity within 

tick populations indicates their adaptability and potential resistance to control methods (Araya-

Anchetta et al., 2015). Given the diverse livestock and environmental conditions in North West 

province, it is an ideal location to study tick microbiomes.  

The 16S rRNA metabarcoding, also referred to as a meta-taxonomic approach, is a powerful 

tool that allows for the study of the collective genetic material of microorganisms in each 

sample. The discovery and characterization of novel and emerging bacterial pathogens in ticks 

is critical for global health initiatives aimed at improving animal and human welfare. Making 

it possible to examine the genetic variety of novel and emerging bacterial pathoge of economic 
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importance in ticks. This study explores these aspects, aiming to improve livestock health 

management and reduce disease transmission risks in the North West Province. 

 

 

1.3 Study aim 

To investigate the bacterial diversity and veterinary important bacterial pathogens harboured 

by Amblyomma hebraeum and Rhipicephalus evertsi evertsi ticks from sheep and goats in the 

villages of Mahikeng and Potchefstroom cities of North West province of South Africa. 

1.4 Objectives of the study 

 

1. Assessing the diversity of ticks infesting sheep and goats in the villages of Mahikeng 

and Potchefstroom, North West province using morphological and genetic 

characterization techniques. 

2. To determine the bacterial communities associated with Amblyomma hebraeum ticks 

using high-throughput 16S rRNA gene amplicon sequencing approach. 

3. To determine the bacterial communities associated with Rhipicephalus evertsi evertsi 

ticks using high-throughput 16S rRNA gene amplicon sequencing approach. 

4. To conduct a comparative analysis of the bacterial communities associated with A. 

hebraeum and R. evertsi evertsi ticks collected from the North West Province, South 

Africa.  

 

1.5 Ethical Consideration 

The study was approved by the North-West University scientific committee of Ecological 

Interactions and Ecosystem Resilience (EIER) subprogram and the Faculty of Natural and 

Agricultural Sciences Research Ethics Committee (FNASREC) (NWU-01396-23-A9). 

1.6 Thesis chapter outline 

Chapter 1 Introduction, problem statement and justification, aim and objectives. 

Chapter 2: Literature review. 

Chapter 3: Morphological and genetic characterization of small ruminant ticks collected 

from villages of Mahikeng and Potchefstroom. 
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Chapter 4: The bacterial communities harboured by Amblyomma hebraeum ticks from 

villages of Mahikeng city. 

Chapter 5: The bacterial communities harboured by Rhipicephalus evertsi evertsi ticks 

from Matlwang village in Potchefstroom. 

Chapter 6: Comparison of bacterial communities harboured by A. hebraeum and R. e. 

evertsi ticks from villages of Mahikeng and Potchefstroom. 

Chapter 7: Conclusion and recommendations 
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2. CHAPTER 2 

Literature review 
 

2.1 Introduction  

2.1.1 Background on ticks and their importance 

Ticks are significant ectoparasites and vectors of numerous pathogens, impacting both human 

and animal health globally in the medical and veterinary fields. They are the second most 

important vectors of human disease-causing agents after mosquitoes and transmit pathogens, 

resulting in cases of tick-borne diseases (TBDs) worldwide. In South Africa, most common  

TBD pathogens transmitted by ticks include Anaplasma marginale, which causes bovine 

anaplasmosis , Bovine babesiosis, primarily caused by Babesia bovis and B. bigemina,  

Ehrlichia ruminantium, which causes Heartwater in livestock and as well as bovine theileriosis, 

mainly caused by Theileria parva, which currently controlled in South Africa  (Mtshali et al., 

2007; Mtshali et al., 2014; Mnisi et al., 2022; Yusufmia et al., 2010 ). The transmission 

dynamics of these disease-causing pathogens are characterised by tick life stages, host species, 

and environmental conditions, with adult female ticks playing a significant role in pathogen 

dissemination for specific pathogens (Sasaki et al., 2021). Adult female ticks play a significant 

role in pathogen dissemination due to their feeding behavior and physiological characteristics. 

It has been reported large Babesia species, adult females are the primary vectors for infecting 

ruminants, with transovarial(from mother to egg)  and transstadial  (from one developmental 

stage to the next) tranmission enabling pathogen persistence across tick 

generations (Karbowiak et al., 2018). Climate change is altering the range of tick populations 

and their hosts, potentially leadng to increased emergence rates of specific diseases in areas 

where theywere previously not endemic (Fan et al., 2022; Gasmi et al., 2018). It is, therefore, 

important to develop control strategies, including vaccines targeting tick antigens and 

understanding the complex interactions among tick-pathogen-host, since those can have 

significant implications on disease transmission (de la Fuente et al., 2016). Overall, this review 

illustrates the profound impact of ticks on public health and confirms the need for continued 

research and preventative efforts required to reduce their impact on both human and animal 

health.  
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2.1.2 Importance of studying bacterial communities and genetic diversity in ticks 

Investigating bacterial communities and genetic diversity in ticks is essential for understanding 

their roles as pathogen vectors and the ecological dynamics of tick populations. Ticks harbour 

diverse microbiomes that can influence their vector competence and interactions with 

pathogens (Adegoke et al., 2020). Research has shown that these microbiomes consist of 

symbiotic and pathogenic bacteria, which can affect pathogen density and transmission 

dynamics (Carpi et al., 2011; Kurilshikov et al., 2015). For instance, symbiotic and pathogenic 

bacterial species can modulate the tick's immune response and overall fitness, thereby 

impacting the transmission of pathogens (Narasimhan et al., 2014; Gall et al., 2016). The 

genetic diversity of tick-associated pathogens is also crucial for assessing their virulence and 

transmission potential. It has already been reported that high co-infection rates in ticks can 

complicate disease management strategies (Kwan et al., 2017; Sánchez-Vicente et al., 2019). 

Furthermore, the interactions between the tick microbiota and the pathogens they carry can 

significantly influence the tick's susceptibility to infections, highlighting the importance of 

understanding these microbial communities (Narasimhan and Fikrig, 2015; De la Fuente et al., 

2017). 

2.2 General overview of hard ticks  

2.2.1 Biology and life cycle of hard ticks 

Hard ticks from the family Ixodidae have been the subject of extensive study in South Africa, 

with recent studies focusing on aspects of their taxonomy, morphology, and ecological roles. 

These ticks are obligate hematophagous ectoparasites with a complex life cycle that includes 

egg, larva, nymph, and adult life stages, where each stage is associated with distinct 

morphological features and host associations (Russell et al., 2013; Inyagwa et al., 2021). The 

morphological adaptations observed across these stages, particularly in genera such as Ixodes, 

Amblyomma, Dermacentor, Hyalomma, Haemaphysalis, and Rhipicephalus, have been critical 

in understanding both their life history strategies and their vector competence for numerous 

pathogens (Hornok et al., 2023; Makwarela et al., 2023). 

 

The morphological structure of hard ticks comprises a scutum (dorsal shield), a capitulum 

(mouth part), and Haller’s organ, which assists in host identification (Russell et al., 2013; Josek 

et al., 2017). Exploration of the morphological characteristics of Ixodes species from Southern 

Africa has revealed some distinctive structural traits which may support the theory suggesting 
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Africa as the origin for bird-associated exophilic ticks (Hornok et al., 2023). These comprise 

differences in the size and shape of the scutum's hard shield and mouthparts, crucial for 

successful blood feeding and avoiding the host's immune response (Hornok et al., 2023). 

Furthermore, morphometric investigations provided insight into the sexual dimorphism 

observed in hard ticks, where adult females are usually characterised by sexually-distinct 

features associated with reproductive functions and pathogen transmission dynamics 

Makwarela et al., 2024). Moreover, modern studies have incorporated molecular phylogenetic 

techniques and morphological scrutiny to resolve perplexing issues associated with tick 

identification and lineage diversification within the region (Hornok et al., 2023; Makwarela et 

al., 2024). 

 

The tick life cycle begins when an engorged female lays eggs in the environment (Figure 2.1). 

The eggs hatch into six-legged larvae that attach to a host, feed, and later drop off to molt into 

nymphs. During the larval stage, ticks are particularly vulnerable and dependent on 

environmental humidity and temperature, which are critical for survival and subsequent 

molting to the nymphal stage (Leal et al., 2020; Brunner et al., 2023). The nymph and adult 

stages are characterised by an increased host range, which not only facilitates the acquisition 

and transmission of pathogens but also underscores the ecological plasticity of these parasites 

(Gervasi et al., 2015). Research on cattle ticks in South Africa indicates that asects of their life 

cycle such as seasonal activity and timing of development are intricately influenced by biotic 

and abiotic factors in the region (Lungile, 2024; Oberholster, 2014; Makwarela et al., 2024). 

Such research is crucial in reducing the economic impact of tick infestations on livestock, 

which is reported to exceed USD 33 million per year (Makwarela et al., 2023). Tick infestations 

on livestock have significant economic impacts through both direct and indirect effects. Direct 

losses result from blood loss, reduced live weight, anemia, and decreased hide quality (Hurtado 

and Giraldo-Ríos, 2018; Desta, 2016). Indirect losses stem from tick-borne diseases, treatment 

costs, and control measures (Hurtado and Giraldo-Ríos, 2018; Singh et al., 2022). 
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Figure 2.1: Basic life cycle of hard ticks (Walker et al., 2014).  

 

Hard ticks (Acari: Ixodidae) exhibit various life cycle types, primarily classified into one-host, 

two-host, and three-host systems. The one-host life cycle, such as in blue tick Rhipicephalus 

(Boophilus) microplus, allows the tick to feed throughout its life cycle on a single host, which 

facilitates both sustained feeding and disease transmission, particularly in livestock (Cleveland 

et al., 2024). While, in two-host life cycles, the tick feeds on one host during the larval and 

nymphal stages and a different host for the adult stage. Hyalomma dromedarii is a pertinent 

example, feeding on camels as adults and using small mammals as hosts during its immature 

stages (Damian et al., 2021). The three-host life cycle is the most variable among ticks and can 

be demonstrated through Amblyomma variegatum, which parasitises a range of hosts 

throughout its life cycle. This species varies its host choice according to the life stage, where 

larvae are likely to feed on reptiles and adults on large mammals like cattle (Choudhury et al., 

2013). Other example includes Hyalomma aegyptium, which primarily uses tortoises of 

Testudo as adult hosts but employs a variety of other vertebrates, including birds and small 

mammals, for its larval and nymph stages, thus demonstrating significant ecological flexibility 

(Paștiu et al., 2012; Barradas et al., 2020). The different life cycle strategies exemplify how 

hard ticks have radiated into certain ecological zones, underscoring their role as important 

vectors of zoonotic diseases in Africa and other regions (Gou et al., 2013; Onyiche et al., 2022). 
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2.2.2 Classification and distribution of Amblyomma and Rhipicephalus species 

Amblyomma is a genus within the family Ixodidae and phylum Arthropoda, containing 

aproximately 130 species worldwide, with 28 of which occuring in Africa and Madagascar 

(Kushimo et al., 2015). Notably found in Africa, Amblyomma hebraeum, Amblyomma 

variegatum, Amblyomma pomposum, and Amblyomma tholloni are important examples as they 

are documented for their role as vectors of various pathogens affecting livestock (Mantos et 

al., 2008; Mandara, 2018; Smit et al., 2024). The distribution of Amblyomma species is 

restricted to warm, humid areas which allow for their life cycle and reproduction (Nava et al., 

2008). 

 

On the other hand, the genus Rhipicephalus within the family ixodidae and the phylum 

Arthropoda includes 82 species recognized, species such as Rhipicephalus (Boophilus) 

microplus, Rhipicephalus appendiculatus, Rhipicephalus sanguineus, and Rhipicephalus 

everts (De Matos et al., 2009; Desalegn et al., 2015; Guglielmone et al., 2010). Rhipicephalus 

is a well-known tick genus infesting cattle and several domestic animals in different parts of 

Africa. Rhipicephalus microplus has recently invaded several West African countries and poses 

great danger to livestock (Adedayo and Olukunle 2018). In South Africa, Rhipicephalus 

microplus is also expanding its range and invade on regions traditionally inhabited by 

Rhipicephalus decoloratus, leading to a shift in the distribution of these ticks, with potential 

implications for livestock production and tick-borne diseases (Nyangiwe et al., 2013; 

Nyangiwe et al., 2017). There is evidence of a changing abundance of the species of 

Rhipicephalus in response to environmental factors. For example, Rhipicephalus sanguineus 

survives in many climatic conditions, while R. appendiculatus is very tolerant to high 

temperatures (Yousseu et al., 2022; Makwarela et al., 2024). Ongoing molecular studies have 

shown that the scope of diversity and the structure of components within the Rhipicephalus 

have undergone the most change due to control measures (Dantas‐Torres et al., 2013).  

Acaricide use has led to resistance development and genetic bottlenecks in R. microplus 

populations (Cutullé et al., 2009; Robbertse et al., 2016).  

 

2.2.3 Role of ticks as vectors of diseases 

Ticks are important vectors for pathogens which affect humans and animals globally (Parola 

and Raoult, 2001; Estrada-Pena et al., 2008). Ticks transmitts varous and multiple pathogen 

types, including viruses, bacteria, and protozoa (Estrada-Peña et al., 2008; Boulanger et al., 
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2019). Tick-borne diseases (TBDs) present significant veterinary and public health challenges 

in South Africa. Several zoonotic pathogens, including Rickettsia africae, Rickettsia massiliae, 

and Coxiella burnetii, have been identified as causative agents of diseases such as African tick 

bite fever and Q fever in humans (Chitanga et al., 2014; Halajian et al., 2016; Frean and 

Blumberg, 2002). In addition to these zoonotic threats, common tick-borne pathogens affecting 

livestock include Babesia spp., Theileria spp., and Anaplasma marginale (Guo et al., 2019). 

These pathogens are responsible for a range of diseases that impact animal health and 

agricultural productivity. 

 

Tick-borne viruses are major public health threats associated with encephalitis and 

hemorrhagic fever (Charrel et al., 2004; Diaz, 2020). These viruses are classified mainly into 

three families of Bunyaviridae, Flaviviridae, and Reoviridae (Lani et al., 2014).  Important 

pathogens include Crimean-Congo hemorrhagic fever caused by Crimean-Congo hemorrhagic 

fever virus (CCHFV), tick-borne encephalitis caused by Tick-borne encephalitis virus (TBEV), 

and the newer Bourbon and Heartland viruses (Diaz, 2020). In India, Hyalomma anatolicum 

and Haemaphysalis spinigera transmit CCHFV and Kyasanur forest disease-causing 

pathogens, respectively (Patel et al., 2021). In South Africa, there is limited literature on tick-

borne viruses. 

 

Babesiosis and theileriosis exemplify tick-borne protozoan diseases that significantly impact 

livestock productivity globally (Bakheit et al., 2007). The widespread distribution of tick 

vectors contributes to public health concerns alongside other bacterial and viral infections 

(Rochlin and Toledo, 2020). Recent studies have documented an extensive array of tick-borne 

pathogens in Europe, including bacterial and viral pathogens that impact wildlife, domestic 

animals, and humans (Moraga-Fernández et al., 2023; de la Fuente et al., 2023;  EFSA AHAW, 

2010). Additionally, recent studies in Southern Africa have revealed a diverse range of ticks 

and tick-borne pathogens affecting both livestock and wildlife. A systematic review identified 

26 tick species from seven genera in cattle reared by smallholder farmers, with Rhipicephalus 

(Boophilus) decoloratus and Rhipicephalus evertsi evertsi being the most common (Monakale 

et al., 2024). In wild animals, 49 tick species from nine genera were reported, with Amblyomma 

marmoreum and Amblyomma hebraeum among the most frequently observed (Ledwaba et al., 

2022). Pathogens such as Babesia, Anaplasma, Theileria, and Rickettsia were detected in 

various hosts (Monakale et al., 2024; Ledwaba et al., 2022; Ledger et al., 2021). Although 

anaplasmosis, ehrlichiosis, and babesiosis are mainly veterinary important diseases, they are 
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developing as essential problems of human infection, presenting atypical clinical syndromes 

that are often hard to recognize (Andonova et al., 2024). The growing burden of these infections 

adds to existing concerns and highlights the need for improved understanding in their clinical, 

epidemiological, and laboratory aspects for effective control, rapid diagnosis, and treatment 

(Rochlin and Toledo, 2020; Andonova et al., 2024). 

 

2.3 Ecology of Amblyomma hebraeum and Rhipicephalus evertsi evertsi in South Africa 

 

Tick distribution and seasonal activities of A. hebraeum and R. e. evertsi differ in various 

localities of South Africa.  Amblyomma hebraeum  is found in regions of the Eastern Cape, 

Mpumalanga, North West provinces, as well as in Limpopo Province, where recent studies 

have reported its presence (Schroder and Reilly, 2013; Nel, 2018; Monakale et al., 2024; 

Makwarela et al., 2023),because it flourishes in grass-covered, shaded, and well-drained areas 

(Norval, 1977). The R. e. evertsi tick is widespread across all nine provinces (Booysen et al., 

2017). Both these species reach peak adult activity during the summer months (Norval, 1977; 

Rechav, 1982), also when the rest of the species are more active (Rechav, 1982; Yawa et al., 

2018). These ectoparasites infest various domestic animals including cattle, donkeys, goats, 

sheep and even horses (Bryson et al., 2002; Horak et al., 2009; Booysen et al., 2017).  

 

 Amblyomma hebraeum    is primarily known as a vector for numerous pathogens such as 

Ehrlichia ruminantium, which causes heartwater in ruminants (Mnisi et al., 2022). This tick 

species is found in humid areas with thick vegetation that supports its survival and feeding 

(Ramotadima et al., 2020). It has been reported that A. hebraeum also parasitises various wild 

animals, indicating a broad host range (Sungirai et al., 2016). Specifically in cattle, these ticks 

feeds on the non-hairy parts of the body, including the perineum and the genital region, 

resulting in terrible irritation and even superinfection (McCrindle et al., 2019). The A. 

hebraeum found on domestic and wild animals exemplifies its broad host versatility and 

increased circumstantial adaptation to animals that maintain proper feeding and breeding 

conditions (Ledger and Béati, 2021). Rhipicephalus evertsi evertsi is an economically 

important tick species that transmits several pathogens to livestock. Studies have shown that 

R. e. evertsi can transmit Anaplasma ovis and harbor DNA of Rickettsia spp. and Rickettsia 

africae (Teshale et al., 2016). Additionally, this tick species has been found to carry 

Anaplasma phagocytophilum, Coxiella burnetii, Ehrlichia ruminantium, and various 

Rickettsia species in South African provinces (Mtshali et al., 2015). In contrast to A. hebraeum 
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ticks, R. e. evertsi exhibits a unique feeding behaviour. This species is identified as a two-host 

tick, primarily feeding on cattle and wild ungulates. It’s notable that tropic behaviour involves 

roaming in search of hosts (Mechouk et al., 2022).  

 

Both tick species exhibit unique feeding routines and patterns that could impact their 

relationships with various hosts. For example, males of both species have been described to 

practice interrupted feeding, in which they detach from and attach to their hosts several times 

during one feeding session (Tuppurainen et al., 2010). This behaviour might increase the 

likelihood of pathogen transmision between different hosts, especially in regions with high 

host population density (Lubinga et al., 2013). In addition, some R. e. evertsi and A. hebraeum 

ticks have been reported co-infesting a single host without any adverse effect on each other's 

abundance, suggesting a degree of niche segregation based on attachment site preferences 

(Anderson et al., 2013). 

2.3.1 Epidemiological relevance to livestock 

The epidemiological importance of A. hebraeum and R. e. evertsi concerning livestock is 

important in sub-Saharan Africa, where their high prevalence contributes to the burden of 

TBDs. Amblyomma hebraeum is a vector of Ehrlichia ruminantium, which causes heartwater 

disease of wild and domestic ruminants, that remains a serious obstacle to animal husbandry 

health and productivity despite the region's abundant resources (Ramotadima et al., 2020; 

Horak et al., 2021; Dlamkile et al., 2023).  Clinical manifestations of heartwater disease in 

cattle, sheep and goats include high fever, nervous signs such as ataxia and convulsions, 

respiratory distress, and in severe cases, sudden death without preceding clinical signs 

(Allsopp, 2010; Yunker, 1996). The disease poses a serious obstacle to animal husbandry in 

endemic areas of sub-Saharan Africa due to high mortality rates in susceptible livestock, 

particularly in animals introduced from non-endemic regions. Losses are further compounded 

by reduced productivity in recovered animals, costs of intensive tick control measures, and the 

economic burden of treatment and prevention programmes (Allsopp, 2010).There is great 

concern regarding the distribution of A. hebraeum as it is reportedly widespread in different 

ecological zones of Southern Africa, such as Botswana and South Africa, where it has been 

linked to increasing clinical cases of heartwater in livestock (Ramotadima et al., 2020; 

Dlamkile et al., 2023).  
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The widespread distribution of R. e. evertsi has been reported in sub-Saharan Africa, where it 

is often found together with A. hebraeum in many livestock herds (Sungirai et al., 2016; 

Mapholi et al., 2022). This tick species is also known to be involved in the transmission of 

several pathogenic organisms, such as Anaplasma marginale, causing bovine anaplasmosis in 

cattle (Masika et al., 1997), and Babesia bigemina, causing bovine babesiosis in cattle (De 

Waal, 2000). It is also an important vector of Babesia caballi and Theileria equi, which cause 

equine piroplasmosis in horses (Onyiche et al., 2019). In addition, R. e. evertsi is implicated in 

the transmission of Theileria mutans in cattle (Neitz, 1956) and Anaplasma centrale, a mild 

form of anaplasmosis in cattle (Masika et al., 1997). Although R. e. evertsi has been recorded 

feeding on African buffalo and cattle in Theileria parva-endemic areas, current evidence does 

not strongly support it as a major vector of T. parva, with Rhipicephalus appendiculatus being 

the primary vector in East and southern Africa (Maboko et al., 2021). The overlap in the 

distribution of these two tick species increases the risk of pathogen co-infection in livestock, 

complicating disease management and control efforts. Detection and surveillance of TBDs rely 

on a combination of conventional and molecular diagnostic methods. Traditional diagnostic 

methods like microscopy and serological assays (ELISA, IFA) are widely used but have 

limitations in sensitivity and specificity (Bakheit et al., 2007; Bluth  and Bluth , 2018). 

Molecular techniques, particularly PCR-based methods, offer improved detection and 

differentiation of TBPs (Bluth and Bluth , 2018). A notable advancement is the development 

of high-throughput microfluidic PCR, capable of detecting multiple pathogens in numerous 

samples simultaneously (Moutailler and Galon, 2024).  

 

Both A. hebraeum and R. e. evertsi are known to survive and thrive in different environmental 

conditions, which increases the likelihood of them parasitising livestock and transmitting 

various TBPs in various regions (Sungirai et al., 2015; Horak et al., 2015). For example, R. e. 

evertsi is reportedly the most prevalent tick in several studies undertaken in Ethiopia and 

Sudan, and is recognised as a crucial ectoparasite in these regions (ELGhali and Hassan, 2012; 

Magzoub et al., 2020). In addition, the occurrence of these ticks in some wildlife, such as 

African buffalo, raises the possibility of wildlife-livestock-human interactions, which may 

facilitate the transmission of tick-borne pathogens (Anderson et al., 2013; Pillay et al., 2022). 

Amblyomma hebraeum and R. e. evertsi are prevalent tick species in South Africa, particularly 

on livestock across multiple provinces (Booysen et al., 2017; Makwarela et al., 2024). 

Numerous studies have documented their ability to thrive under diverse ecological conditions, 

reflecting their importance as vectors of veterinary pathogens and their ongoing significance 
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in South African tick-borne disease research (Walker et al., 2003; Horak et al., 2010; Khoza et 

al., 2024). 

 

2.4. Bacterial communities associated with hard ticks  

2.4.1 Microbiome composition in hard ticks  

The microbiota profile of hard ticks in Africa has become a target for studying vector 

competence and pathogen transmission on the continent. Several recent studies have focused 

on the bacterial microorganisms in hard ticks from different hosts, regions, and ecosystems 

(Carpi et al., 2011; Van Treuren et al., 2015; Bonnet et al., 2017). Research suggests that tick 

microbiomes in Africa are highly complex and profoundly affect the health of both animals 

and humans. Research done by Olivieri et al. (2021) and Mulavu et al. (2024) has proven the 

existence of pathogenic and symbiotic endosymbionts in hard ticks and other bacterial 

pathogens. Olivieri et al. (2021) studied ticks collected from various domestic animals, wildlife 

and environmental sources regionally and discovered a wide range of bacterial species, 

including rickettsiae, Anaplasma spp., Ehrlichia ruminantium, Borrelia garinii, Babesia spp., 

Theileria spp. and Coxiella burnetii and other microorganisms that potentially influence vector 

efficiency. Similarly, Mulavu et al. (2024) studied the tick microbiome in Zambia and 

highlighted that ecological contexts and tick-host interactions shape the composition of 

bacterial communities. 

 

Research targeting ticks collected from livestock further emphasises the complex nature of 

these microbiomes. Chigwada et al. (2022) used high-throughput 16S rRNA amplicon 

sequencing to characterise the microbiota of Amblyomma and Hyalomma ticks infesting Nguni 

cattle, revealing bacterial communities that included both commensal bacteria and potential 

pathogenic taxa Corynebacterium , Porphyromonas , Anaerococcus, Trueperella , Helcococcus 

Rickettsia and Coxiellaceae. Similarly, Chitanga et al. (2021) reported on the molecular 

detection and characterisation of Rickettsia species in ixodid ticks from southern Zambia, 

highlighting that pathogens such as R. africae are standard components of the tick microbiota, 

contributing to the epidemiology of tick-borne diseases in sub-Saharan Africa. 

 

Additionally, studies on wildlife-associated ticks add depth to our understanding of the 

microbiota present in African tick species. In 2025, Mitchell et al. (2025) investigated ticks 
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infesting white rhinoceros in the Kruger National Park, South Africa, which revealed that 

Proteobacteria, particularly Coxiella and Rickettsia species, are dominant components of the 

microbiota of A. hebraeum and Dermacentor rhinocerinus, emphasising the impact of host 

species and environment on microbiota composition. Moreover, geographical research 

demonstrates that there are differences in the tick-associated microbiota. In Tunisia, Benyedem 

et al. (2022) provided insights into the microbiota of Hyalomma ticks using next-generation 

sequencing, identifying known pathogens and an array of commensal bacteria whose functions 

remain fully elucidated. The endo-symbionts Francisella, Midichloria mitochondrii, and 

Rickettsia were shown to be the most prevalent in Hyalomma spp. Rickettsia, Francisella, 

Ehrlichia, and Erwinia are the most common zoonotic bacteria found in Hyalomma ticks. 

Similarly, Kratou et al. (2025) studied the microbiota of H. dromedarii ticks cammels from 

Tunisia and Saudi Arabia, highlighting the influence of geographic origin on the structure of 

the bacterial community. The study findings indicated a dominant presence of Francisella 

endosymbionts in Tunisian ticks, suggesting adaptive roles of H. dromedarii ticks in arid 

ecosystems. Keystone taxa, particularly Staphylococcus and Corynebacterium, were identified 

as central to microbial network structure and resilience. Moreover, network robustness analyses 

demonstrated enhanced ecological stability in the Tunisian tick microbiota under perturbation, 

indicated higher resilience to environmental fluctuations compared to Saudi Arabian ticks. 

Additionally, functional pathway predictions further revealed geographically distinct 

metabolic profiles between both groups (Tunisia vs. Saudi Arabia and males vs. females), 

underscoring environmental and biologicalinfluences on H. dromedarii microbiota assembly. 

 

Furthermore, emerging literature investigates the impact of tick species and developmental 

stages on the structure and composition of associated microbiota. Kisten et al. (2021) 

conducted a pilot study aimed to determine baseline microbial community within A. hebraeum 

nymphs infected- and non-infected with Rickettsia africae from the environment, and within 

adult ticks infected- and non-infected with R. africae collected from cattle sampled from two 

locations in the Eastern Cape province of South Africa. Additionally, Ackermann et al. (2024) 

described the bacterial microbiome of Rhipicephalus sanguineus ticks, which were collected 

from dogs in rural South Africa, while Khogali et al. (2025) explored camel ticks and their 

relationships with symbionts and pathogens. 

 

These studies emphasised that multiple factors, such as tick species, host animals, geographical 

location, and environmental conditions, influence the microbiota of hard ticks in Africa. The 
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presence of both symbiotic and pathogenic bacteria, characterised via advanced high-

throughput sequencing and bioinformatics techniques, highlights the complexity of ticks’ 

microbiota and their likely impact on pathogen transmission. This composite knowledge 

enhances our understanding of tick physiology and vector competence while serving as an 

indicator for the presence and distribution of TBPs, as well as a basis for possible measures 

aimed at preventing tick-borne infections in Africa (Chitanga et al., 2021; Olivieri et al., 2021; 

Kisten et al., 2021; Chigwada et al., 2022; Benyedem et al., 2022; Mulavu et al., 2024; 

Ackermann et al., 2024; Mitchell et al., 2025; Kratou et al., 2025; Khogali et al., 2025). 

 

2.4.2 Methods for studying bacterial communities in ticks 

Over the past ten years, research on tick-associated bacterial communities from Africa have 

utilised PCR-targeted and high-throughput amplicon sequencing techniques to characterise 

microbial diversity (Cabezas-Cruz et al., 2018). North African region studies have utilised 16S 

rRNA-based PCR assays with partial sequencing to screen Ehrlichia spp. and other medically 

important bacteria rapidly. For instance, Sarih et al. (2005) designed a broad-range 16S rRNA 

gene primer set using  PCR approach to analyse ticks from Tunisia and Morocco, establishing 

a robust framework for pathogen detection. Simultaneously, next-generation sequencing 

(NGS) has successfully been applied to vast bacterial profiling, enabling the study of core 

microbiota and minor clinically relevant taxa (Portillo et al., 2007; Benyedem et al., 2022). 

This combination of targeted PCR enhancement and high-throughput amplicon sequencing is 

a powerful strategy to characterise the microbiome diversity in African tick specimens. 

 

In addition to PCR and amplicon sequencing methods, metabarcoding has become a 

cornerstone of profiling tick microbiomes, aiding in understanding tick microbial community 

structure and functional potential, as depicted in Figure 2.2. Benyedem et al. (2022) applied 

Metabarcoding to analyse the microbiota of Hyalomma ticks from Tunisia, revealing a wide 

range of symbiotic and pathogenic microbes, as well asthe impact of extrinsic factors like tick 

gender, developmental stage, and host interactions. Complementary to these efforts, Portillo et 

al. (2007) utilised conventional PCR in conjunction with molecular techniques to detect R. 

africae in ticks from South Africa and Botswana, emphasising the regional epidemiological 

significance and the importance of using molecular diagnostic tools to track tick-borne 

diseases. These studies illustrate the need to merge metabarcoding information alongside 
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classical molecular techniques to fully comprehend the relationships between ticks and 

infecting bacteria. 

 

 

Figure 2.2: Schematic strategy for 16S rRNA amplicon sequencing using next generation 

sequencing (Mandal et al., 2016). (a) A flow diagram representing library preparation and 

formatting reads acceptable to QIIME analysis was further analysed using LefSe and PICRUSt. 

The normalised OTU table was used for PICRUST analysis. (FP = forward primer, RP = 

reverse primer, V = variable region of 16S rRNA gene, P5 and P7 = Illumina sequencing 

primers, N = random nucleotide, BC-F = barcode of forward primer, BC-R = barcode of reverse 

primer, and LS = linker sequence). (b) Bar graph showing the read distribution of 252 samples 

before (red) and after normalisation (blue) of the OTU table. (c) Bargraph showing average 

number of reads per sample with standard error before (red) and after normalisation (blue). 

 

Moreover, comparative studies using metabarcoding have facilitated understanding the 

diversity and dynamics of microbes within ticks. Studies conducted outside of Africa indicated 

that bacterial community composition changes are associated with geographical and host 

factors (Kurilshikov et al., 2015; Adegoke et al., 2020). Although not exclusively focused on 

Africa, these approaches offer a systematic approach to studying these populations in African 

ticks. For instance, alpha and beta diversity analyses, as demonstrated by Takhampunya et al. 

(2021), enhance the understanding of bacterial community differentiation that is expected to 
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occur in diverse African ecosystems. Such adaptable and flexible methodological approaches 

are essential to describe complex microbial relationships and for surveillance strategies aimed 

at predicting and mitigating outbreaks of tick-borne diseases. 

             

 

 

2.4.3 Advancements in tick microbiome methods 

The exploration of microbial communities within ticks has significantly evolved, largely due 

to advancements in high-throughput sequencing technologies and the incorporation of various 

‘omics’ approaches (Lobanov et al., 2022). Contemporary research emphasizes the use of 

multi-omics strategies, which include metagenomics, transcriptomics, and proteomics, to 

develop a comprehensive, systems-level understanding of the tick microbiome and its intricate 

relationship with the host organism (Arıkan and Muth, 2023). This holistic approach enables 

detailed cataloguing of microbial taxa as well as the elucidation of gene expression dynamics 

and protein functions within the microbiome, providing a more nuanced perspective on 

microbial activities and interactions (Arıkan and Muth, 2023). 

  

Functional metagenomics has also emerged as a powerful tool specifically aimed at identifying 

genes and metabolic pathways that are crucial for microbial interactions, including symbiotic 

relationships, pathogen transmission mechanisms, and the prevalence of antimicrobial 

resistance within tick microbiomes (Simon and Daniel, 2009). This approach is particularly 

valuable for characterizing previously unknown functions of uncultivable microbes residing 

within ticks (Cabezas-Cruz et al., 2018), thus broadening our understanding of microbial 

capabilities and their ecological roles. 

 

2.5. Factors influencing tick microbiota composition  

Factors such as the environment and ecology are critical in defining the composition of tick 

microbiota. Studies indicate that ticks acquire microbes from their surroundings, which are 

impacted by local bacterial populations and ecological relationships (Kwan et al., 2017; 

Gurfield et al., 2017). For example, certain bacteria in the environment could modify the 

microbial community structure in ticks because of the differences in ticks feeding on infected 

and uninfected hosts (Abraham et al., 2017). Moreover, temperature, humidity, and types of 
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landscape can also influence the diversity and composition of microbes in different populations 

of ticks (Aivelo et al., 2021; Krawczyk et al., 2022). 

 
The diversity of tick microbiota is significantly influenced by the host species and their diet. 

Research has shown that the microbiome of ticks varies depending on the host species they 

feed on (Rynkiewicz et al., 2015; Zhang et al., 2019). For instance, ticks that feed on various 

rodent hosts show changes in the microbiome composition, which can affect their ability to 

harbour and transmit pathogens (Rynkiewicz et al., 2015). Additionaly, the tick feeding 

patterns, specifically during blood meals, are associated with higher microbial diversity due to 

acquiring the host microorganisms (Andreotti et al., 2011; Benyedem et al., 2022). This 

dynamic interaction highlights the importance of host-related factors in shaping tick 

microbiomes. 

 
Tick microbiome composition differs by region due to climate and geographical location. There 

is evidence supporting significant geographical differences in the microbial composition of 

ticks, which implies that local environmental factors and isolation by distance play a role 

(Krawczyk et al., 2022). Different regions can possess different climates, and as a result, the 

tick microbiomes can differ because climatic factors dictate the microbial reservoirs available 

in the environment (Kumar et al., 2022; Tóth, 2023). In addition, climatic characteristics, 

including temperature and rainfall, can influence the activity and habitat selection of ticks, thus 

affecting their microbiome (Aivelo et al., 2021; Tóth, 2023). 

 

The different tick life stages are important factors influencing their microbial diversity. Studies 

indicate that microbial diversity is usually highest during the larval stage and declines from the 

nymphal to the adult stages, where the microbiota is frequently dominated by some specific 

endosymbionts (Chicana et al., 2019; Adegoke et al., 2021). This pattern suggests that as ticks 

mature, their interactions with hosts and environmental factors may lead to a more stable but 

less diverse microbiome (Aivelo et al., 2021; Adegoke et al., 2022). Moreover, potential causes 

for sex-specific variation in microbiome composition have also been observed, potentially due 

to variations in physiology and behaviour between male and female ticks (Obregón et al., 2019; 

Estrada-Peña et al., 2020).  
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2.6. Tick microbiome and genetic diversity interactions  

Recent studies have highlighted the significance of microbial communities' in shaping the tick 

genetic diversity and their capacity to transmit pathogens. Studies show that the tick gut 

microbiota varies significantly based on tick species, sex, and environmental factors. Obregón 

et al. (2019) showed that the taxonomic and functional composition of the tick gut microbiota 

differs remarkably between male ticks and females, and this may reflect some level of 

specialisation that corresponds to reproductive and life cycle processes. Additionally, Kwan et 

al. (2017) provided evidence that ticks, like other animals, have and acquire microbial diversity 

from the environment, which significantly influences the composition and diversity of their 

microbiota. Such acquisition of microorganisms from the environment may result in changes 

in the genetics of the tick populations, as different microbial communities may provide other 

benefits and disadvantages relating to pathogen transmission. 

 

Research shows that diversity in the tick genetics and microbiome affects the transmission of 

TBDs. Rynkiewicz et al. (2015) reported that the bacterial population identfied within the tick 

collected from XX correlated with the blood microbiomes of the rodents, suggesting potential 

interactions that could be influencing the presence or dynamics of the pathogens. Moreover, 

Zhang et al. (2019) reported that fed ticks had higher microbe diversity than unfed ticks, which 

suggests that feeding has the potential to change the microbial community structure and, 

therefore, change the ability of the tick to act as a vector for pathogens. 

  

Gall et al. (2017) highlighted that lab colonisation has the effect of homogenising the 

microbiome associated with field-collected ticks, implying that some genetic components 

interact with microbial communities in affecting tick populations. Significant differences were 

observed in the microbial community structure among various tick species, which may indicate 

genetic diversity and adaptations to ecological niches (Namina et al., 2023). These study 

findings highlight the importance of considering microbial and genetic factors when studying 

tick-borne disease dynamics.  

 

2.7. Regional context: Livestock and tick-borne diseases in North West Province, South 

Africa 

Livestock farming in the North West Province of South Africa is crucial to the region's 

economy and food security. There are approximately 7500 commercial farms within the 
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province, which significantly add value to the agricultural output of South Africa (Seoraj-Pillai 

and Pillay, 2016). This livestock farming sub-sector comprises smallholder farmers and large-

scale commercial farmers who predominantly produce cattle, sheep and goats (Mokoena, 

2023). The area's climate is semi-arid, with an average annual rainfall of about 481 mm, which 

makes livestock farming particularly difficult because of limited water resources and poor-

quality pasture (Botai et al., 2016). Furthermore, the economic feasibility of livestock farming 

is often threatened by various factors, including disease outbreaks and environmental factors 

such as drought (Botai et al., 2016). 

 

Tick-borne diseases (TBDs) are a significant concern for livestock health in the North West 

Province. The prevalence of ticks like A. hebraeum, R. microplus, R. e. evertsi, and R. 

mimeticus has been documented, demonstrating their colonisation in the area (Horak et al., 

2015; Nyangiwe et al., 2017). These ticks serve as vectors for multiple disease-causing 

pathogens such as babesiosis and anaplasmosis, which can result in serious health problems in 

livestock, resulting in financial losses for farmers (Spickett et al., 2011). Additionally, North 

West Province hosts key wildlife-rich areas such as Pilanesberg National Park and the 

Bloemhof Dam Nature Reserve, which support substantial biodiversity within mixed 

agricultural landscapes (Carruthers, 2011). While direct data on wildlife livestock contact in 

North West is limited, evidence from broader regional studies identifies watering points and 

shared grazing areas as potential hotspots for disease transmission among livestock—and 

possibly at the wildlife–livestock interface (Hlokwe et al., 2016). These combined patterns 

suggest multiple pathways through which ticks and their pathogens could disseminate across 

the province 

 

The economic impact of ticks and TBDs on livestock production is significant, affecting 

farmers' livelihoods through treatment costs, reduced productivity, and animal mortality 

(Desta, 2016; Nath et al., 2018). Acaricide resistance poses a challenge, increasing control 

costs and limiting efficacy (Nath et al., 2018). Ticks also reduce the quality of hides and skin, 

further impacting economic returns (Desta, 2016). While tick control through acaricides 

remains common, concerns about resistance and environmental contamination necessitate 

integrated approaches combining chemical and non-chemical methods (Nath et al., 2018). 

Economic evaluations of tick control programs are complex, considering factors such as 

production impacts, market access, and non-production benefits (Tisdell et al., 1999). In South 

Africa, government-led tick control programs may not be economically justified based on cost-
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benefit analysis. The overall impact of these elements highlights the necessity of tackling tick-

borne diseases to ensure the viability of livestock farming in the North West Province.  
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3. CHAPTER 3 

Morphological and genetic characterization of ticks collected 

from small ruminants in Mahikeng and Potchefstroom, North 

West Province 

3.1. Introduction 

The North West Province of South Africa has a large population of livestock, companion 

animals, and wildlife, with various economically important tick-borne diseases (TBDs) known 

to be endemic in the province.  Ticks and tick-borne diseases are responsible for significant 

economic losses through livestock mortality and morbidity, as well as costs associated with 

controlling ticks and TBDs estimated at more than 33 million USD annually in South Africa 

(Makwarela et al., 2023). The North West Province of South Africa harbors a diverse range of 

tick species, with surveys identifying 22 different species infesting livestock (Spickett et al., 

2011). Key species include Amblyomma hebraeum, Rhipicephalus appendiculatus, 

Rhipicephalus evertsi evertsi, and Boophilus microplus, each playing a role in transmitting 

economically important diseases (Spickett et al., 2011; Bryson et al., 2002). Several tick 

genera, in particular Rhipicephalus, Amblyomma, and Haemaphysalis, have been reported to 

parasitize domestic animals (Iweriebor et al., 2022; Adelabu et al., 2024). According to 

Nyangiwe et al. (2018), climate change and anthropogenic activities such as the transportation 

of livestock have facilitated the range expansion of invasive tick species such as Rhipicephalus 

microplus and Amblyomma variegatum across Africa 

The taxonomy of ixodid ticks has traditionally relied on morphological analysis, however, it is 

challenging to identify species using morphology alone, especially when collected in the larval 

and/or nymphal life stages (McCann et al., 2019). Characters that are useful for species 

identification, in addition to features of mouthparts and scutal patterns, can be instrumental, 

but face other challenges of phenotypic variation, sexual dimorphism, and cryptic species, 

which makes precise identification difficult due to the high relatedness between some species 

(Beati and Keirans, 2001). 

The genetic methods, which include amplification and sequencing of the mitochondrial 16S 

ribosomal RNA (rRNA), cytochrome oxidase subunit I (COI), 12S rRNA, and 18S rRNA 

genes, are employed to identify and characterize the tick species, have improved the efficiency 
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of tick identification, the depth of the phylogenetic research and further aided in eucidating the 

dversity of different tick species (Lv et al., 2014; Ghosh et al., 2020; Kneubehl et al., 2022). 

These genetic markers reveal evolutionary relationships, genetic diversity, and species 

boundaries that are not apparent from morphology alone (Norris et al., 1996). Efficient and 

widely used markers for tick species identification are the nuclear 18S ribosomal RNA (rRNA) 

gene and the mitochondrial 12S rRNA gene  (Cruickshank 2002; Dabert and Dabert, 2006). 

The 18S rRNA gene is particularly efficient for genus-level recognition (Cruickshank, 2002), 

while 16S rRNA, CO1 gene, and ITS2(Internal Transcribed Spacer 2) markers are primarily 

used to resolve taxonomy at the species level (Dabert, 2006). Moreover, the 12S rRNA gene is 

suitable for identifying closely related tick lineages (Abdullah et al., 2016). Additionally, 

morphological and molecular methods have been used to identify Haemaphysalis longicornis 

and Rhipicephalus microplus (Qin et al., 2011), indicating that these methods can supplement 

each other to ensure accurate tick identification. Several South African studies have similarly 

demonstrated the integration of morphological and molecular techniques for reliable tick 

classification and pathogen detection (Adelabu et al., 2024; Mhlambo et al., 2023; Mtshali et 

al., 2015). 

Recent studies in South Africa's North West Province have revealed a notable presence of ticks 

and tick-borne pathogens in domestic ruminants, emphasizing an ongoing concern for the 

health and productivity of livestock in the area (Spickett et al., 2011; Mnisi et al., 2022; 

Thekisoe et al., 2023). A thorough morphological and genetic identification of tick species in 

this area is crucial to understand the diversity of tick species circuilating in the area to predict 

and mitigate emerging TBDs that may affect human health and livestock production through 

crafting focused control methods and further building on the knowledge of the epidemiology 

of TBDs in South Africa. Therefore, it is important to conduct morphological and genetic 

studies of livestock ticks in this region to advance sustainable livestock management and 

safeguard both animal and public health. This chapter sought to investigate the diversity of tick 

species currently occurring infesting small stock in Mahikeng and Potchefstroom villages of 

North West Province of South Africa using a combination of morphological and genetic tools. 
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3.2 Materials and methods 

3.2.1 Study site 

The study was conducted in selected villages of the North West province of South Africa, which 

are, Matlwang village [26° 44' 9.66" S 26° 55' 47.65" E] of Potchefstroom (Figure 3.1) and 

Masutlhe [25°48'12.0"S 25°24'50.1"E], Ramatlabama [25°42'06.0"S 25°40'40.9"E], 

Dihatshwane[25°54'25.6"S25°45'12.7"E] and Rooigrond [25°55'18.3"S 25°47'58.7"E] of 

Mahikeng city (Figure 3.2). 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.1: A map indicating the location of Matlwang village in Potchefstroom. The study 

area is indicated with a red point marker. 
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Figure 3.2: A map indicating the location of Masutlhe, Ramatlabama, Dihatshwane, and 

Rooigrond in Mahikeng. The study areas are indicated with red point markers. 

3.2.2 Collection of ticks  

In January – February 2024, ixodid ticks were collected randomly from sheep and goats of 

different farms, depending on the area of abundance and visibility; this included heads, ears, 

neck, abdominal areas, and perineum using sterile fine-tipped forceps. The collected ixodid 

ticks were adequately noted and were stored in individual vials containing 70% ethanol. The 

tick specimens were transferred to the laboratory for identification and further analysis. 

3.2.3 Characterization of ticks 

The Nikon AZ 100 M multi-zoom microscope (Nikon Inc., Tokyo, Japan) was used to identify 

and capture sequential photographs of different features of the ticks. The ticks were identified 

to the species level by discerning unique characters that differentiated between species 

following published morphological keys by published keys by Walker (2003) and Latif (2013). 

3.2.4. Preparation of ticks from Potchefstroom for DNA extraction 

Tick species were separated according to the host, location, and gender, where male ticks were 

arranged into pools (each pool formed from 3-5 ticks). A total of thirty pools are representative 

of Matlwang. Each tick specimen was cut with sterile scalpels within a 1.5 ml microcentrifuge 
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tube. DNA samples were stored at −20 °C at the laboratory (North-West University 

Potchefstroom campus) until further use. 

3.2.5 Preparation of ticks from Mafikeng for DNA extraction 

Tick species were categorized based on host and location, and subsequently organized into 

pools, each consisting of 3 to 5 ticks. In total, thirty pools were representative of Mahikeng. 

Each tick specimen was cut with sterile scalpels within a 1.5 ml microcentrifuge tube. DNA 

samples were stored at −20 °C at the laboratory (North West University Potchefstroom campus) 

until further use. 

3.2.6 DNA extraction protocol 

Prior to DNA extraction, ticks were washed twice with 70% ethanol and distilled water and 

allowed to air dry on sterile paper. DNA was extracted from the pool of  ticks using the 

QIAGEN DNeasy® Blood & Tissue Kit (Qiagen, Hilden, Germany) according to the 

manufacturer’s instructions as follows: Each sample was placed in 1.5 ml microcentrifuge tube 

and homogenized in 180 µL of ATL buffer using metal pellet and Tissuelyzer LT instrument 

(Qiagen, Gemany) to ensure thorough tissue disruption. Subsequently, 20 µL of proteinase K 

was added to each sample, and the tubes were incubated at 56°C for 1–3 hours with occasional 

vortexing to facilitate complete lysis. After digestion, 200 µL of AL buffer was added to the 

lysates, which were vortexed for 15 seconds and incubated at 70°C for 10 minutes to enhance 

DNA binding. Ethanol (200 µL, 96–100%) was added, and the mixtures were briefly vortexed. 

The lysates were transferred to DNeasy Mini spin columns placed in 2 mL collection tubes and 

centrifuged at 6000 x g (8000 rpm) for 1 minute, after which the flow-through was discarded. 

The spin columns were washed with 500 µL of Buffer AW1 and centrifugation at 6000 x g 

(8000 rpm) for 1 minute. After discarding the flow-through, 500 µL of Buffer AW2 was added, 

and the columns were centrifuged at 20,000 x g (14,000 rpm) for 3 minutes to ensure thorough 

washing. The columns were then transferred to clean 1.5 mL microcentrifuge tubes, and DNA 

was eluted by adding 200 µL of Buffer AE directly onto the membrane. Following a 1-minute 

incubation at room temperature, the columns were centrifuged at 6000 x g (8000 rpm) for 1 

minute. The eluted DNA was stored at -20°C for subsequent analysis.  

3.2.7 Genetic identification of ticks using 16S rRNA and 18S rRNA PCR assays 

Polymerase chain reaction (PCR) for genetic identification of ticks was performed targeting 

the mitochondrial 16S rRNA and nuclear 18S rRNA genes using primers listed in Table 3.1. 
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Each PCR reaction consisted of a total reaction of 25 μL consisting of 12.5 μL of a 2X 

DreamTaq Green Mastermix (0.4 mM dATP, 0.4 mM dCTP, 0.4 mM dGTP, 0.4 mM dTTP, 4 

mM MgCl2, and loading buffer) (ThermoFisher Scientific, South Africa), 8.5 μL of nuclease-

free water, 2 μL of the template DNA, and 1 µl of 10 µM of the forward primer, 1 µl of 10 µM 

of the reverse primer. Conditions of the PCR were as follows: one step of denaturation at 94°C 

for 2 min; 35 cycles of denaturation at 94°C for 30 s, annealing at a specific temperature for 

each gene assay annealing at for 30 seconds (Table 3.1) for 30 s, and elongation at 68°C for 2 

min; and one step of final elongation at 68°C – 5 min using ProFlex PCR System (Applied 

Biosystems, USA). The amplified PCR mixture was confirmed by electrophoresis on 1.5% 

agarose gel, stained with Ethidium Bromide (EtBr), and visualized under UV light. 

 
Table 3.1: Primers utilized in amplification and sequencing of genes. 

DNA 

marker  

5’- primer sequences-3’  Amplified 

fragment 

size  

Annealing 

Temperature 

(°C) 

Reference  

16S rRNA 16S-F-5′CTGCTCAATGATTTTTTAAATTGCTGTGG-3′ 

16S-R -5′-CCGGTCTGAACTCAGATCAAGT-3′ 

460bp  72  Hornok et 

al., 2023 

18S rRNA 18S‑F - 5′‑CATTAAATCAGTTATGGTTCC‑3′ 

18S‑R - 5′‑CGCCGCAATACGAATGC‑3′ 

780bp 72 Hornok et 

al., 2023 

3.2.8 Sequencing 

Positive PCR products were sent to Inqaba Biotechnical Industries (Pty) Ltd in Pretoria, South 

Africa, for Sanger sequencing using the Applied Biosystems 3500 Genetic Analyzer (Thermo 

Fisher Scientific). The sequencing was performed as a bi-directional reaction to ensure accurate 

base calling. The acquired gene sequences were aligned on the GenBank database using the 

nucleotide Basic Local Alignment Search Tool (BLASTn) (www.ncbi.nlm.nih.gov/BLAST) 

from the National Centre for Biotechnology Information (NCBI) to identify sequences with 

high similarity. Sequences obtained in this study were then deposited to the NCBI database for 

accession numbers. 

3.2.9 Phylogenetic analysis 

FinchTV version 1.4 (Treves, 2010) was used to edit the base calls of the sequenced gene 

displayed on a chromatogram. Ambiguous bases were trimmed from the 5’ and 3’ end using 

the FinchTV version 1.4 (Treves, 2010). Multiple sequence alignment was conducted using 

BioEdit version 7.7.1 (Hall et al., 2011).  The phylogenetic tree analysis was constructed using 
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a maximum likelihood (ML) tree based on MEGAX (Tamura et al., 2011). The bootstrap values 

were estimated for 1000 replicates using the Kimura 2-parameter model (Kumar et al., 2018). 

3.3 Results  

A total of 368 tick samples were collected for this study. Among these, 192  ticks were collected 

from sheep and goats in Matlwang (n = 192) village across four different kraals. Additionally, 

one hundred sixty-eight ticks were collected from sheep and goats in the regions of Masutlhe 

(n = 48), Ramatlabama (n = 45), Dihatshwane (n = 38), and Rooigrond (n = 37) in Mahikeng, 

North West Province. From these 360 ticks, genomic DNA was extracted from 60 pooled 

samples.  Morphological identification of tick species were subsequently confirmed genetically 

using PCR and sequencing of the 16S rRNA and 18S rRNA gene markers. 

 

3.3.1 Morphological identification of ticks 

All the ixodid ticks collected from Mahikeng were identified morphologically as Amblyomma 

hebraeum (Figure 3.3) based on the presence of red and white rings on the legs, a conspicuously 

ornate conscutum with yellow, green, brown, and black markings, and long mouthparts. 

Additionally, the ixodid ticks collected from Matlwang were identified as Rhipicephalus evertsi 

evertsi, as illustrated in Figure 3.4. These ticks are characterized by their dark brown bodies, 

reddish-orange lateral sides and legs. Adult male specimens were carefully examined based on 

their physical attributes, allowing for differentiation from other species within the 

Rhipicephalus and Amblyomma genera. The identification of the male tick species was 

facilitated by the dorsal shield (conscutum) that extends over their entire abdomen. 
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Figure 3.3: The A. hebreum male. A Dorsal side: (1) legs with red and white rings, (2) 

conscutum ornate and conspicuously coloured with yellow, green, brown and black markings. 

B Ventral (3) long mouthpart. 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.4: The R. e. evertsi male. A Dorsal side (1) dark brown, and the rest of the body 

(lateral sides) reddish-orange. B Ventral (2) legs are reddish-orange. 
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3.3.2 Genetic identification of ticks 

3.3.2.1 Tick identification using 16S rRNA gene sequencing 

The amplification of tick DNA targeting the 16S rRNA gene was successfully performed, 

resulting in a PCR product of 460 bp (Supplementary Figure S1). The tick sequence queries 

matched the top ranked BLAST hits, confirming morphologic identification as A. hebreum. 

The sequenced tick samples in this study i.e. A. hebreum RMC4, A. hebreum MO3, A. hebreum 

RC5, A. hebreum MC2, A. hebreum RMC1, A. hebreum RC2, A. hebreum MO4, A. hebreum 

RMO4, A. hebreum RO3, A. hebreum RO5, A. hebreum RMO5 and A. hebreum MO5) showed 

nucleotide similarity to A. hebreum sequences (GenBank accession numbers: L34316.1 and 

NC067897.1) with query coverage ranging between 94 and 99%, with sequence identity 

between 99.27 and 100% (Table 3.2). The A. hebreum sequences generated in this study were 

all submitted to the Genbank database with the following accession numbers: PP80989, 

PP809810, PP809812, PP809813, PP809811, PP809814, PP809815, PP809816, PP809817, 

PP809818, PP809824 and PP809819 (Table 3.2).   

The R. e. evertsi sequences generated in this study (Sample ID: R. e. evertsi MG1, R. e. evertsi 

MG2, R. e. evertsi MG3, R. e. evertsi MG4, R. e. evertsi MG6, R. e. evertsi MS1, R. e. evertsi 

MS2, R. e. evertsi MS3, R. e. evertsi MS4 and R. e. evertsi MS15) matched with similar 

reference sequence of R. e. evertsi (GenBank accession number: KJ613642.1) on the NCBI 

database with query covers of 93% and 94%, matching identifications of 99.23% and 100%%, 

and E-values of 0 (Table 3.2). The R. e evertsi sequences generated in this study were all 

submitted to GenBank with the following accession numbers:  PP809820, PP809822, 

PP809823, PP809821, PP809825, PP809826, PP809827, PP809830, PP809828 and PP809829 

(Table 3.2). 

 

The phylogenetic analysis of Rhipicephalus and Amblyomma tick species, including R. e evertsi 

and A. hebreum from South African livestock, along with additional sequences from Uganda, 

Spain, Nigeria, Taiwan, Egypt, and Sweden, revealed two major clades with strong 

monophyletic structure. The phylogenetic tree displayed well-supported major clades that 

aligned with genus-level divisions, using Ixodes ricinus from Sweden as an out-group (Figure 

3.6). Two major clades were determined using the 16S rRNA genes, separating R. e evertsi from 

A. hebreum. The R. evertsi were collected from sheep in Matlwang, while A. hebreum were 

collected from sheep in Mahikeng. The R. e evertsi formed a major clade supported by a high 
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bootstrap value> 79%, indicating genetic cohesion among South African ticks collected from 

sheep with other Rhipicephalus species from cattle in South Africa. Moreover, the South 

African A. herbarium clusters closely with OR699119.1 from Uganda. The Amblyomma 

species cluster, highlighted in green includes A. hebreum from South African livestock. 

Additionally, Amblyomma sp. from Nigeria, Taiwan, and Egypt, formed a genetically distinct 

group from Rhipicephalus. The sequenced South African A. hebraeum from sheep clustered 

together, demonstrating their common origin from Mahikeng. 

 

Table 3.2: BLASTn results of 16S rRNA gene sequences of tick species sequenced in this 

study. 

 

 

 

Sample ID Max 

score 

Total 

score 

Query 

cover (%) 

E 

value 

GenBank 

Accession no 

Identification 

percentage (%) 

Accession numbers 

(This study) 

Amblyomma hebraeum RMC4 745 745 96 0.0 L34316.1 100 PP80989 

Amblyomma hebraeum MO3 756 756 99 0.0 L34316.1 99.29 PP809810 

Amblyomma hebraeum RC5 765 765 99 0.0 L34316.1 99.52 PP809812 

Amblyomma hebraeum MC2 763 763 99 0.0 L34316.1 99.29 PP809813 

Amblyomma hebraeum RMC1 750 750 99 0.0 L34316.1 99.28 PP809811 

Amblyomma hebraeum RC2 741 741 97 0.0 L34316.1 99.27 PP809814 

Amblyomma hebraeum MO4 745 745 95 0.0 L34316.1 100 PP809815 

Amblyomma hebraeum RMO4 745 745 99 0.0 L34316.1 99.27 PP809816 

Amblyomma hebraeum RO3 754 754 99 0.0 L34316.1 99.52 PP809817 

Amblyomma hebraeum RO5 743 743 99 0.0 NC067897.

1 

99.5 PP809818 

Amblyomma hebraeum RMO5 756 756 99 0.0 L34316.1 99.29 PP809824 

Amblyomma hebraeum MO5 758 758 99 0.0 L34316.1 99.76 PP809819 

Rhipicephalus evertsi evertsi MG1 719 719 94 0.0 KJ613642.1 99.49 PP809820 

Rhipicephalus evertsi evertsi MG2 713 713 93 0.0 KJ613642.1 99.74 PP809822 

Rhipicephalus evertsi evertsi MG3 706 706 94 0.0 KJ613642.1 99.74 PP809823 

Rhipicephalus evertsi evertsi MG4 721 721 94 0.0 KJ613642.1 100 PP809821 

Rhipicephalus evertsi evertsi MG6 702 702 93 0.0 KJ613642.1 98.97 PP809825 

Rhipicephalus evertsi evertsi MS1 712 712 94 0.0 KJ613642.1 98.99 PP809826 

Rhipicephalus evertsi evertsi MS2 702 702 93 0.0 KJ613642.1 99.23 PP809827 

Rhipicephalus evertsi evertsi MS3 710 710 94 0.0 KJ613642.1 99.24 PP809830 

Rhipicephalus evertsi evertsi MS4 715 715 94 0.0 KJ613642.2 99.74 PP809828 

Rhipicephalus evertsi evertsi MS15 715 715 94 0.0 KJ613642.3 99.74 PP809829 



55 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

Figure 3.6: Phylogenetic tree of 16S rRNA gene sequences based on maximum likelihood on 

the R. evertsi and A. hebraeum tick species. The sequenced tick species in this study are 

highlighted in circles. The sequence of Ixodes ricinus from Sweden (KX384806.1) was used 

as an outgroup. The levels of bootstrap support for phylogenetic groupings are given at each 

node. The obtained sequences are represented with black circles. 
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3.3.2.2 PCR amplification of 18S rRNA, sequencing, and phylogenetic analysis 

The amplification of tick DNA targeting the 18S rRNA gene successfully produced a PCR 

product of 780 bp size (Supplementary Figure S2), which were successfully sequenced. 

Sequence entries submitted to BLASTn, showed the top-ranked hits were identified to tick 

species level with query covers of > 98% and 99%, matching identifications between 99.36% 

and 99.87%, and E-values of 0 with tick species (Table 2.3). The sequences generated in this 

study were all submitted to GenBank and assigned as A. hebreum; PP826352, PP830056, 

PP830059, PP830060, PP830061, PP830062, PP830064, PP842196 and PP830071 (Table 

2.3). Similarly, the top-ranked R.  evertsi from the query sequences sequenced in this study 

were selected for phylogenetic purposes. The sequences of R.  evertsi generated in this study 

were all submitted to GenBank under accession numbers: PP830093, PP830094, PP830095, 

PP830096, PP830097, PP830098, PP830099, PP830101, PP830100, PP830103 and PP830102. 

The maximum likelihood phylogenetic tree revealed two main clades with strong monophyletic 

groupings, each representing the two main genera. The major clade in grey shade consisted of 

Rhipicephalus species, showing strong bootstrap support of above 90%, clustering with R. e. 

evertsi from South Africa with Rhipicephalus sp. from various regions, including R. sanguineus 

from Israel and Uzbekistan, R. microplus from India, and R. pusillus from Spain. This 

clustering indicated significant genetic cohesion within the Rhipicephalus genus across 

geographic regions. The second clade in blue shade, comprising Amblyomma species, included 

both South African A. hebraeum sequenced in this study (highlighted in black circles) and 

sequences from Italy, forming a distinct group from Rhipicephalus with high bootstrap values 

supporting their separation. Within this clade, the South African A. hebraeum sequences 

clustered closely together, indicating limited genetic diversity among these samples.   
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Table 3.3: BLASTn results of the 18S rRNA gene sequences from tick species sequenced in 

this study.  

  
Sample ID Max 

score 

Total 

score 

Query 

cover (%) 

E 

value 

GenBank 

Accession no 

Identification 

percentage (%) 

Accession number 

(This study) 

Amblyomma hebraeum RMC4 1395 1395 99 0.0 KY457490.1 99.74 PP826352 

Amblyomma hebraeum MC2 1402 1402 99 0.0 KY457489.1 99.36 PP830056 

Amblyomma hebraeum RMC1 1384 1384 99 0.0 KY457490.1 99.87 PP830059 

Amblyomma hebraeum MO4 1393 1393 99 0.0 KY457489.1 99.61 PP830060 

Amblyomma hebraeum RMO4 1386 1386 98 0.0 KY457490.1 99.74 PP830061 

Amblyomma hebraeum RO3 1400 1400 99 0.0 KY457489.1 99.87 PP830062 

Amblyomma hebraeum RO5 1400 1400 99 0.0 KY457490.1 99.48 PP830064 

Amblyomma hebraeum RMO5 1389 1389 99 0.0 KY457489.1 99.61 PP842196 

Amblyomma hebraeum MO5 1386 1386 98 0.0 KY457490.1 99.74 PP830071 

Rhipicephalus evertsi MG1 1400 1400 98 0.0 KY457503.1 99.87 PP830093 

Rhipicephalus evertsi MG2 1391 1391 99% 0.0 KY457503.1 99.48% PP830094 

Rhipicephalus evertsi MG3 1391 1391 97% 0.0 KY457503.1 99.87% PP830095 

Rhipicephalus evertsi MG4 1400 1400 99% 0.0 KY457503.1 99.61% PP830096 

Rhipicephalus evertsi MG5 1397 1397 99% 0.0 KY457503.1 99.48% PP830097 

Rhipicephalus evertsi MG6 1400 1400 99% 0.0 KY457503.1 99.87% PP830098 

Rhipicephalus evertsi MS1 1404 1404 99% 0.0 KY457503.1 99.74% PP830099 

Rhipicephalus evertsi MS2 1406 1406 99% 0.0 KY457503.1 99.87% PP830101 

Rhipicephalus evertsi MS3 1395 1395 99% 0.0 KY457503.1 99.48% PP830100 

Rhipicephalus evertsi MS4 1389 1389 99% 0.0 KY457503.1 99.61% PP830103 

Rhipicephalus evertsi MS15 1391 1391 98% 0.0 KY457503.1 99.87% PP830102 
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Figure 3.8: Phylogenetic tree of 18S rRNA gene sequences based on maximum likelihood on 

the R. evertsi and A. hebraeum tick species. The GenBank sequences IOR387373.1 and 

AF018643.1 of Aponomma concolor from Australia  were used as an outgroup. The sequenced 

ticks in this study are represented with black circles. The levels of bootstrap support for 

phylogenetic groupings are given at each node. The obtained sequences are represented with 

black circles. 

 



59 

 

3.4 Discussion 

The North West Province is primarily inhabited by Batswana people who are known for their 

traditional farming practices and community-oriented agricultural system (Omotayo et al., 

2020). This communal farming approach is crucial for food security and socio-economic 

stability in rural areas of South Africa, particularly in the North West Province, where 

agriculture is a crucial livelihood strategy (Oduniyi and Tekana, 2019). Ticks are significant 

ectoparasites, primarily feeding on the blood of various livestock. They are classified into two 

prominent families hard ticks and soft ticks, and are also important vectors of various 

pathogens, such as those causing tick-borne diseases in livestock (Boulanger, et al., 2019). The 

current study used comprehensive morpho-genetic approaches to identify and analyse the 

dverisity of ixodid ticks sampled from livestock in the Mahikeng and Potchefstroom regions 

of North West Province, South Africa. This combined morphological and molecular 

identification has provided a reliable species determination. Ticks in this study belong to the 

genera Rhipicephalus and Amblyomma. These reported findings support the observations by 

Horak et al. (2018) that showed that ticks belonging to these genera are indigenous to South 

African ecology and affect wild and domestic animals. 

In this study, tick specimens collected from Masutlhe, Ramatlabama, Dihatshwane, and 

Rooigrond in Mahikeng were identified as A. herbaeum, which is generally prevalent in South 

Africa, particularly in the North West Province (Spickett et al., 2011).  According to Walker 

(2003) and Latif (2013), A. hebraeum, commonly known as the tropical bont tick, is 

distinguished by its vibrant colouration and pronounced features. The conscutum and scutum 

are heavily punctuated, exhibiting a deep brown colour with a prominent dark marbled pattern, 

often mixed with metallic blue or greenish hues. A. hebraeum displays ornate patterns, 

particularly in the males, with intricate white or cream-coloured markings on the scutum. The 

body wall beneath the conscutum mixes reddish and brown tones, particularly noticeable in 

unfed adults. The morphological findings of A. herbaeum specimens collected in the current 

study are as described above.  

In this study, the 16S rRNA gene sequences from ticks collected from small stock in Mahikeng 

villages matched other A. herbaeum sequences on GenBank with percentage identity values 

ranging from 99.23 - 100%. Additionally, the 18S rRNA gene sequences of same ticks also had 

identity values ranging from 99.36 - 99.87%, with respective A. herbaeum sequences from 

GenBank.  In a phylogenetic tree based on 16S rRNA, the A. herbaeum sequences from sheep 

in the current study and cattle in other South African region formed a distinct monophyletic 
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group with high bootstrap values, indicating strong genetic relatedness. Likewise, this can be 

taken as an evident result that the input sequences are indeed A. hebraeum, matching well with 

the other such sequences, enabling them to form a distinct cluster. The tree included some 

additional reference species, such as A. variegatum, which are separately positioned on the tree, 

indicating genetic differences from the main clusters of interest. 

Similarly, in the 18S rRNA phylogenetic tree, the input sequences of A. hebraeum cluster 

together, confirming that they belong to the A. hebraeum species. The A. hebraeum sequences 

formed a distinct cluster, with minimal genetic diversity evident among sequences from South 

Africa, corroborating their identification as A. hebraeum. The analysis also included additional 

Amblyomma species, such as A. sparsum from Italy, which are positioned separately on the 

tree, highlighting genetic divergence within the genus. The inclusion of other genera like 

Bothriocroton and Aponomma further emphasises the genetic differences from the main 

clusters of Rhipicephalus and Amblyomma. The phylogenetic tree indicates that the 

Amblyomma clade is monophyletic and genetic identification findings of this study using A. 

hebraeum in the current study are similar to those of Monakale et al., (2024), where molecular 

data supported morphological identification and the phylogenetic tree showed no distinct 

clustering based on village locality, indicating that ticks of the same species were distributed 

across all study sites. The ticks collected from small livestock in Mahikeng are confirmed to 

be A. hebraeum through morphological and genetic identification methods. 

In this current study, tick specimens collected from Matlwang village in Potchefstroom were 

morphologically identified as R. e. evertsi, prevalent in South Africa across the North West 

Province (Spickett et al., 2011).  According to Walker (2003) and Latif (2013), the conscutum 

and scutum of R. e. evertsi are densely punctuated with very dark-brown and a reddish-orange 

body wall. The eyes are convex and orbited, and the legs are reddish-orange. The adanal plates 

are triangular and large. The circum-spiracular integument is covered with dense prominent 

setae. Caudal appendages are absent in fed specimens. The presence of distinct festoons and a 

well-defined scutum further aids in identifying this tick species. The morphological findings 

of R. e. evertsi in the current study are described above.  

In this study, the generated 16S rRNA gene sequences from ticks collected from small stock in 

Matlwang village in Potchefstroom matched with other R. e. evertsi sequences from GenBank, 

with matching identifications between 99.23% and 100%. Additionally, the generated 18S 

rRNA gene sequences of ticks from the same area also had matching identity values ranging 
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between 99.48% and 99.87%, with respective R. e. evertsi reference sequences on the NCBI 

database. In the phylogenetic analysis based on 16S rRNA sequences, the R. e. evertsi 

sequences otained from the current study of from sheep and cattle in South Africa form a 

distinct cluster, monophyletic group (indicated by a single common ancestor). This is evident 

from the strong clustering with high bootstrap support (> 79%). The reference sequences from 

South Africa also grouped together with the other such sequences originating from other 

countries such as Uganda, which further confirms that the reference sequences are also very 

closely related. Similarly, the 18S rRNA phylogenetic tree, the input sequences of R. evertsi 

cluster together, confirming that they indeed belong to the R. e. evertsi species. The samples 

from South Africa form a distinct cluster with high bootstrap support (above 70% in most 

nodes), highlighting minimal genetic diversity among them. Additionally, some R. sanguineus 

samples from South Africa are seen clustering closely. Other Rhipicephalus species, such as R. 

sanguineus, R. turanicus, and R. microplus, cluster separately, reflecting clear genetic 

divergence from R. e. evertsi. The phylogenetic tree indicates that the R. e. evertsi cluster is 

paraphyletic within the broader Rhipicephalus genus, as other species disrupt its exclusivity. 

However, the overall Rhipicephalus genus shows signs of monophyly with respect to the 

outgroups. This supports the evolutionary distinctiveness of both genera while highlighting 

possible regional diversification within Rhipicephalus. The genetic identification findings of 

this study using of R. e. evertsi in the current study are similar to Monakale et al., (2024) 

observations where molecular data supported morphological identification, and the 

phylogenetic tree showed no distinct clustering based on village locality, indicating that ticks 

of the same species were distributed across all study sites. 

 

The 16S rRNA gene sequences have consistently yielded reliable results for the identification 

of tick species (Abouelhassan et al., 2019; Monakale et al., 2024). In contrast, the 18S rRNA 

gene has been employed to investigate the phylogenetic relationships among tick subfamilies, 

corroborating some findings from 16S rRNA studies while differing in others (Black et al., 

1997; Cruickshank, 2002).  Morphological identification was consistent with the genetic 

results. Consequently, it can be confidently asserted that the ticks collected from small livestock 

in Mahikeng and Matlwang are indeed A. hebreum and R. e. evertsi. The findings of this study 

support existing literature, which indicates that species from the genera Rhipicephalus and 

Amblyomma predominantly contribute to tick infestations affecting livestock in South Africa 

(Booysen et al., 2017; Makwarela et al., 2023; Monakale et al., 2024). This situation poses a 

significant threat, as many of these species are recognized carriers and transmitters of 
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economically important disease-causing agents, including heartwater, bovine babesiosis, and 

anaplasmosis (Booysen et al., 2017). 

Genetic identification utilizing 16S rRNA and 18S rRNA gene markers demonstrated precise 

classification of both mature and immature specimens. The BLASTn results reaffirmed a high 

sequence identity ranging from 99.48% to 100% between the sequenced ticks and reference 

sequences from GenBank, thereby validating the morphological identifications. These findings 

align with other studies that have emphasized the effectiveness of molecular tools in accurately 

identifying species and elucidating their phylogenetic relationships (Muruthi et al., 2016; 

Monakale et al., 2024). 

The application of molecular markers not only confirmed species identity but also provided 

insights into the genetic relationships within and across species. The high sequence homology 

with reference sequences from other countries, such as Uganda and Italy, observed among local 

samples supports the existence of genetic affiliation across geographical borders, which may 

necessitate research on tick dispersion patterns and adaptability. This observation is important 

because the global distributions of ticks are modified by climatic changes and anthropogenic 

environmental factors, including processes like livestock transport (Nyangiwe et al., 2018). 

Therefore, continuous monitoring and genotyping surveillance are necessary in the prevention 

and control of the spread of tick-borne diseases for livestock health. 
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4. CHAPTER 4 

Bacterial communities harboured by Amblyomma hebraeum from 

small stock in Mahikeng villages, North West Province 

4.1 Introduction 

 

Ticks are known to harbour diverse microorganisms, which threaten the health of animals and 

humans (Sonenshine and Roe, 2013). These ectoparasites can negatively affect livestock health 

and productivity, mainly through the transmission of a number of pathogens of zoonotic and 

livestock importance (Hurtado and Giraldo-Ríos, 2018). Among the different tick species 

distributed in southern Africa, Amblyomma hebraeum ticks are very common key vectors of 

Ehrlichia ruminantium (Peter et al., 1999; Jongejan et al., 2019). Ehrlichia ruminantium is the 

causative agent of heartwater, a fatal rickettsial disease affecting ruminants, which poses a 

major threat to the livestock industry (Zweygarth, 2006; Allsopp, 2015). This infection pose a 

serious threat to small stock production of in rural, small-scale farming communities like those 

of Mahikeng villages in the North West Province of South Africa, where livestock is of 

significant importance for income and food security (Mnisi et al., 2022). Additionally, A. 

hebraeum is known to host a variety of bacterial communities, including symbiotic, 

commensal, and potentially pathogenic microorganisms that may influence the tick's 

physiology, vector competence, and disease transmission ability (Kisten et al., 2021). 

 

Microbial communities found in ticks include vast amounts of symbionts and putative 

pathogens in addition to their role as vectors for other known pathogens (Clay and Fuqua, 

2010). These mixed communities of microbes can modify the biological and epidemiological 

aspects of ticks and tick-borne disease (TBD) vector capabilities (Hussain et al., 2022). 

However, despite the involvement of the microbiome in tick-pathogen interactions being 

increasingly established, the microbiome of A. hebraeum remains understudied, particularly in 

small-stock farming areas of rural South Africa. It has been established that understanding 

bacterial communities can enhance our knowledge of the ecology of ticks and the likelihood of 

emerging new pathogens (Estrada-Peña et al., 2013). 
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In South Africa, recent studies have investigated the bacterial communities associated with 

Amblyomma hebraeum ticks, particularly in relation to zoonotic and livestock pathogens. 

Rickettsia africae, the causative agent of African tick bite fever, is the most frequently detected 

rickettsial species in this tick. For example, Thekisoe et al. (2023) reported R. africae in A. 

hebraeum collected from livestock in the North West Province, highlighting its continued 

circulation in endemic areas. Similarly, Mtshali et al. (2015) detected R. africae DNA in A. 

hebraeum from multiple provinces, indicating a wide geographic distribution and its potential 

role in human infections. Furthermore, Mnisi et al. (2023) confirmed the role of A. hebraeum 

in transmitting E. ruminantium, the causative agent of heartwater in ruminants, reinforcing the 

veterinary importance of this tick species in South Africa. High-throughput sequencing 

revealed the differential abundance of potentially pathogenic and endosymbiotic bacteria in 

Amblyomma ticks, including Rickettsia, Escherichia, and Coxiellaceae (Chigwada et al., 

2022). In addition, several off-target antibiotic resistance markers were in the tick microbiome, 

which may affect disease management strategies (Chigwada et al., 2022). These findings 

contribute to understanding tick-associated bacterial communities and their potential impact on 

pathogen transmission and treatment strategies. Investigating tick microbiomes can uncover 

potential symbiotic relationships and identify bacteria that might influence tick physiology and 

pathogen transmission.  

 

Mahikeng, located in the North West Province of South Africa, is an important livestock 

farming region where small stock, such as goats and sheep, are commonly raised. The presence 

of A. hebraeum ticks in these villages raises concerns regarding their potential to harbour and 

transmit bacterial pathogens. However, studies focusing on the bacterial diversity within A. 

hebraeum from small stock in this region remains limited. This chapter sought to investigate 

the bacterial communities harboured by A. hebraeum collected in sheep and goats from 

Mahikeng using high throughput 16S rRNA metabarcoding. By utilizing molecular techniques, 

we seek to identify potential pathogenic and symbiotic bacteria, thereby contributing to the 

understanding of tick-borne microbial ecology in South Africa. The findings of this study will 

effectively guide future vector control efforts and significantly enhance disease management 

strategies for small-scale farmers in the region. 
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4.2 Materials and methods 

4.2.1 Study area, sample collection and DNA extraction 

A total of 168  A. hebraeum ticks were collected from sheep and goats in regions of Masutlhe 

[25°48'12.0"S 25°24'50.1"E], Ramatlabama[25°42'06.0"S 25°40'40.9"E], 

Dihatshwane[25°54'25.6"S25°45'12.7"E] and Rooigrond [25°55'18.3"S 25°47'58.7"E] of 

Mahikeng city. Ticks were identified morphologically using the keys from Latif (2013) and 

further confirmed using molecular assays targeting the 16S rRNA and 18S rRNA . DNA was 

extracted using QIAGEN DNeasy® Blood & Tissue Kit according to the manufacturer’s 

instructions (Qiagen, Hilden, Germany). Details of the study area, sample collection, and DNA 

extraction are described in the materials and methods (Chapter 3.1). 

 

4.2.2 Library preparation and sequencing   

The 16S rRNA gene sequencing for A. hebraeum ticks was conducted using primers based on 

the Illumina DNA library preparation protocol (Illumina, USA). Locus-specific primers, 341F 

(5´-CCT ACG GGN GGC WGC AG-3´) and 805R (5´-GAC TAC HVG GGT ATC TAA TCC-

3´) (Klindworth et al., 2013), targeting the hypervariable V3-V4 region (approximately 460 bp 

34 region) of the 16S rRNA gene, were used with overhang adapters at the 5`-end of forward 

and reverse primers respectively (Illumina, USA). The PCR primers used were: forward primer 

5’-TCG TCG GCA GCG TCA GAT GTG TAT AAG AGA CAG CCT ACG GGN GGC WGC 

AG-3’ and reverse primer: 5’-GTC TCG TGG GCT CGG AGA TGT GTA TAA GAG ACA 

GGA CTA CHV GGG TAT CTA ATC C-3’ (Klindworth et al., 2013). The library preparation 

workflow entailed a first-stage amplicon PCR step to amplify the region, using 12.5 ng of 

DNA, 12.5 µl of KAPA HiFi HotStart ready Mix [0.5 U DNA polymerase, 0.3 mM dNTPs, 

2.5 mM MgCl2] (Kapa Biosystems, Wilmington, MA, USA), a final concentration of 0.2 µM 

of each forward and reverse primer was used in the reaction mix, a long with nuclease-free 

water (Thermo Fisher Scientific, USA) to a final volume of 25 µl. The PCR Thermal reaction 

protocol using ProFlex PCR System (Applied Biosystems, USA) was carried out as follows: 

denaturing at 95°C for 3 min, followed by 35 cycles of 95°C for 30 seconds, 55°C for 60 

seconds, and 72°C for 30 seconds, and a final extension step at 72°C for 5 min was included. 
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PCR amplicons were then subjected to a PCR clean-up step using Agencourt AMPure XP 

magnetic beads (Beckman Coulter Genomics, USA). Following clean-up, index PCR was 

performed to attach dual indexes to PCR products using the Nextera XT index kit (Nextera, 

USA). The indexing reaction was performed using 5 μl of amplicon PCR product DNA, 5 μl 

of Illumina Nextera XT Index Primer 1 (N7xx), 5 μl of Nextera XT Index Primer 2 (S5xx), 25 

μl of 2x KAPA HiFi HotStart Ready Mix, and 10 μl of nuclease-free water. The thermocycling 

using ProFlex PCR System (Applied Biosystems, USA), conditions were 95°C for 3 minutes 

followed by 8 cycles of 95°C for 30 seconds, 55°C for 30 seconds, 72°C for 30 seconds, and a 

final elongation step of 72°C for 5 minutes. Index PCR products were subjected to a second 

‘PCR clean-up’ step. The libraries were then quantified using a Qubit 3.0 fluorometer (Thermo 

Fisher Scientific, USA), normalized, pooled, and denatured in 0.2 N NaOH. Denatured 

libraries, along with 10% PhiX sequencing control, were then loaded onto the MiSeq flow cell 

using the MiSeq v3 reagent kit for a paired-end (2 × 300 bp) sequencing run. Sequencing was 

performed using the Illumina MiSeq platform (Illumina, USA) at the North West University 

(NWU) Potchefstroom campus, North West, South Africa. 

 

4.2.3 Bioinformatics and statistical analysis  

DADA2 was used to process reads obtained from the sequencing platform, after indexes and 

primers were removed (Callahan et al., 2021), following trimming, filtering, and removal of 

chimeras. Reads were truncated at 250 bp with maximum expected errors at 5, allowing no 

ambiguous bases. Error rates for forward and reverse reads were learned independently and 

then merged. The operational taxonomic units (OTUs) table was constructed, and taxonomy 

classification was assigned to the sequence variants using the SILVA 138.1 database (Quast et 

al., 2013). Downstream analyses and visualisation were done using the phyloseq package in R 

(McMurdie & Holmes, 2013). Alpha diversity was assessed using Observed OTUs, Chao1, 

Shannon, and Simpson indices. Beta diversity was evaluated using Bray–Curtis dissimilarity 

and Jaccard distance matrices, visualized through Principal Coordinate Analysis (PCoA) and 

Non-Metric Multidimensional Scaling (NMDS), respectively. Microbial abundance was 

visualised using ggplot2 (Wickham, 2016).The operational taxonomic units (OTUs) table was 

constructed, and taxonomy classification was assigned to the sequence variants using the 

SILVA 138.1 database (Quast et al., 2013). Downstream analyses and visualisation were done 

using the phyloseq package in R (McMurdie & Holmes, 2013). Alpha diversity was assessed 

using Observed OTUs, Chao1, Shannon, and Simpson indices. Beta diversity was evaluated 
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using Bray–Curtis dissimilarity and Jaccard distance matrices, visualized through Principal 

Coordinate Analysis (PCoA) and Non-Metric Multidimensional Scaling (NMDS), 

respectively. Microbial abundance was visualised using ggplot2 (Wickham, 2016). The 

statistical significance of diversity differences was tested using the Kruskal–Wallis test.  

 

4.2.  Data availability 

Raw reads obtained from the present study were deposited to the National Center of 

Biotechnology Information (NCBI) Sequence Read Archive (SRA) database under BioProject 

ID PRJNA1246162 (http://www.ncbi.nlm.nih.gov/bioproject/1246162). 

4.3 Results 

4.3.1 Taxonomic composition Amblyomma hebraeum ticks from sheep and goats 

4.3.1.1 The bacterial composition at the phylum level 

The taxonomic abundances of all OTUs at the phylum level were visualised using a stagged 

graph based on relative abundances (Figure 4.1). A total of 13 bacterial phyla were assigned in 

all A. hebraeum ticks from sheep and goats. In ticks collected from goats, the five most 

abundant bacterial phyla were Proteobacteria (66.12%), followed by Firmicutes (16.01%), 

Actinobacteria (8.16%), Bacteroidota (4.36%), and Cyanobacteria (1.32%). The least abundant 

bacterial phyla included Planctomycetota (0.002%), Acidobacteriodata (0.01%) and 

Bdellovibrionota (0.02%), as shown in Figure 4.1. In ticks from sheep, the five most abundant 

bacterial phyla in A. hebraeum ticks were Proteobacteria (41.80%), followed by Firmicutes 

(19.80%), Bacteroidota (12.76%), Actinobacteriota (11.99%) and Cyanobacteria (5.09%). The 

remaining bacterial phyla had relatively low abundances (<1%). The least abundant bacterial 

phyla were Patescibacteria (0.02%), Plactomycetota (0.04%) and Acidobacteriota (0.04%) 

depicted in Figure 4.1. 

http://www.ncbi.nlm.nih.gov/bioproject/1246162
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Figure 4.1: Stagged plot for taxonomic abundance of the bacterial communities in Amblyomma 

hebraeum ticks from sheep and goats at the phylum level. 

 

4.3.1.2 The bacterial composition at the class level 

A total of 16 assigned bacterial classes were identified in A. hebraeum ticks collected from 

both sheep and goats. In goat derived ticks, the dominant bacterial class level was 

Alphaproteobacteria (52.96%), followed by Bacilli (15.33%), Gammaproteobacteria (20.69%), 

Alphaproteobacteria (13.15%), and Actinobacteria (8.07%). The least abundant classes 

included OM190 (0.002%), Blastocatellia (0.008%) and Bdellovibrionio (0.01%) depicted in 

Figure 4.2. In contrast, the microbiota of A. hebraeum ticks from sheep was dominated by 

Alphaproteobacteria (21.34%), followed by Gammaproteobacteria (20.48%), Bacilli (18.41%), 

Bacteroidia (12.76%) and Actinobacteria (11.77 %). The least abundant classes in goat derived 

ticks included Saccharimonadia (0.02%), OM190 (0.03%) and Blastocatellia (0.05%), depicted 

in Figure 4.2. 
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Figure 4.2: Stagged plot for taxonomic abundance of the bacterial communities of Amblyomma 

hebraeum ticks from sheep and goats at the class level. 

 

4.3.1.3 The bacterial composition at the order level 

A total of 19 bacterial orders were identified in A. hebraeum tick samples collected from both 

sheep and goats. At the bacterial order level, the microbiota composition in goat-derived ticks 

was dominated by Rickettsiales (52.48%) followed by Bacillales (9.48%), Coxiellales (8.16%), 

Staphlococccales (6.18%) and Corynecateriales (4.78%). The least assigned abundant orders 

included Xanthomonadales (0.35%), Sphingomonadales (0.51%) and Lactobacillales (0.70%). 

In contrast, the microbiota of A. hebraeum ticks from sheep was dominated by Rickettsiales 

(17.73%), followed by Staphylococcales (11.60%), Burkholderiales (10.01%), Coxiellales 

(7.99%) and Bacillales (7.29%). The least abundant orders in sheep-derived ticks included 

Verrucomicrobiales (0.56%), Peptostreptococcales-Tissierellales (1.58%) and 

Sphingomonadales (2.03%), depicted in Figure 4. Additionally, chloraplasts were detected in 

goats (1,33%) and sheep (5.85%) ticks. 
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Figure 4.3: Stagged plot for taxonomic abundance of the bacterial communities in 

Amblyomma hebraeum ticks from sheep and goats at the order level. 

 

4.3.1.4 The bacterial composition at the family level 

At the family level, 18 bacterial families were identified in A. hebraeum ticks from goats and 

sheep. The dominant bacterial families in goat-derived ticks included Rickettsiaceae (50.68%), 

followed by Bacillaceae (9.81%), Coxiellaceae (8.85%), Staphylococcaceae (6.71%) and 

Corynebacteriaceae (4.98%). The least abundant families in ticks included 

Xanthomonadaceae (0.38%), Sphingomonadaceae (0.55%) and Cyclobacteriaceae (0.59%), 

as shown in Figure 4.4. In sheep-derived ticks, the dominant families were Rickettsiaceae 

(18.34%) followed by Staphylococcaceae (12.98%), Coxiellaceae (7.57%), Bacillaceae 

(7.47%) and Commandaceae (5.46%). The least abundant family in the samples included 

Intrasorangiaceae (1.22%), Saprospiraceae (1.43%), and Cyclobacteriaceae (1.95%), 

depicted in Figure 4.4. 
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Figure 4.4: Stagged plot for taxonomic abundance of the bacterial communities in A. hebraeum 

ticks from sheep and goats at the family level. 

 

4.3.1.5 The bacterial composition at the genus level 

A total of 19 bacterial genera were identified in A. hebraeum ticks collected from goats and 

sheep. At the genus level, the microbiota composition in ticks from goats revealed the 

following dominant genera: Rickettsia (51.64%), followed by Coxiella (9.01%), Bacillus 

(7.77%), Staphylococcus (6.83%), and Corynebacterium (5.08%) (Figure 4.5). The least 

abundant genera included Vulcaniibacterium (0.31%), Pseudarcicella (0.54%), and 

Algorihagus (0.57%), depicted in Figure 5.5. In contrast, the microbiota composition in ticks 

from sheep showed a slightly different distribution: Rickettsia (18.85%) was the most 

predominant, followed by Staphylococcus (13.44%), Coxiella (9.97%), Bacillus (6.55%), and 

Polynucleobacter (5.88%). The least abundant genera in sheep-derived ticks included Knoellia 

(1.35 %), Fluviicola (1.48%) and Candidatus Aquiretis (1.61 %), depicted in Figure 5.5.   
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Figure 4.5: Stagged plot for taxonomic abundance of the bacterial communitis in Amblyomma 

hebraeum ticks from sheep and goats at the genus level. 

 

4.3.2 Comparative analysis of genus-level bacterial diversity in sheep and goats  

The heatmap illustrates the relative abundance (log10-transformed) of the top 30 bacterial 

genera across A. hebraeum ticks collected from goats and sheep, revealing distinct host-specific 

patterns in microbial composition. Certain genera, such as Rickettsia, Streptococcus, and 

Staphylococcus, exhibit higher relative abundance in ticks from goats, as indicated by the 

warmer colours (red and orange). In contrast, Pseudomonas and Roseomonas spp. appear more 

prominent in ticks from sheep. Despite these variations, several genera, including Bacillus, 

Pseudarcicella, and Algoriphagus, are shared between ticks from goats and sheep, though their 

relative abundances vary. However, genera like Flavobacterium and Escherichia-Shigella are 

present across both hosts. In contrast, low-abundance genera such as Corynebacterium, 

Cutibacterium, and Chryseobacterium spp. are indicated by cooler colours (blue), likely 

representing less dominant members of the microbiota. 
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Figure 4.6: Heatmap of the top 30 genus-level bacterial taxa in Amblyomma hebraeum ticks 

from sheep and goats. 

 

4.3.3 Alpha-diversity rarefaction curves of diversity associated with Amblyomma 

hebraeum ticks from sheep and goats 

Diversity rarefaction curves were generated using operational taxonomic units (OTUs) to 

assess the sequencing depth and microbial diversity within the microbiomes of A. hebraeum 

ticks collected from goats and sheep. This analysis was based on the 16S rRNA amplicon 

sequencing data. The rarefaction curves (Figure 4.7) display species richness across varying 

sequence sample sizes, reflecting the diversity of bacterial communities associated with A. 

hebraeum ticks. Ticks collected from goats (represented by red curves) reached a plateau in 

species richness at lower sequencing depths than sheep ticks (depicted by teal curves). This 

indicates that the microbial diversity associated with ticks from goats is less complex and 

reaches saturation faster than that from sheep. In contrast, ticks collected from sheep required 

a greater sequencing depth to capture the full diversity of their microbiome, as their curves 

show a slower progression towards a plateau. 
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Figure 4.7 Alpha-diversity rarefaction curve to interpret the sequence depth of the bacterial diversity associated with Amblyomma hebraeum 

ticks from sheep and goats based on the 16S rRNA gene amplicon.
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4.3.4 Alpha diversity estimate of microbiome associated with A. hebraeum ticks from 

sheep and goats 

 

Illumina MiSeq sequencing generated a total of 528,482 raw sequence reads from A. hebraeum 

ticks from the goat dataset and 338,497 reads from the sheep dataset. After trimming, quality-

checking, and removing chimeric sequences, as well as low-quality and non-target amplicons, 

the datasets were reduced to 409,037 valid reads for the goat samples and 215,319 valid reads 

for the sheep samples. These reads were then clustered into 16,193 OTUs for the goat dataset 

and 186,510 OTUs for the sheep dataset. 

 

Alpha diversity was estimated with four indices, i.e. the richness estimators, Chao1, as well as 

the diversity indices, Shannon and Simpson’s, using raw reads.  For analysing the convergence 

of α-diversity estimates, the OTUs were sorted from most to least abundant. Analysis of the a 

α- diversity convergence using the bootstrap index has shown that the proportion of the 

underestimated OTUs (that is, those that could be present in the biological sample but were 

undetected because of incomplete sequencing) among top-ranking OTUs, including 97% of 

reads, does not exceed 1%. Further analyses were performed on this pool of top OTUs covering 

100% of reads. 

 

The  α- diversity analysis of A. hebraeum ticks collected from sheep and goats revealed distinct 

patterns of microbial diversity influenced by the host species, as depicted in plots (A-D), Figure 

4.7. The p-values for each diversity metrics were determined. Observed OTUs p-value = 

0.91310; Shannon index p-value 0.013832; Simpson index p-value = 0.023322, and Chao1 p-

value = 0.91310. The p-values that are equal/below 0.05 are deemed significant, meaning that 

the null hypothesis can be discarded. In contrast, p-values greater than 0.05 indicate that no 

significant effect was observed.  

 

Observed species richness (Plot A) indicates that ticks from sheep exhibit higher microbial 

richness compared to ticks from goats. Similarly, the Shannon diversity index (Plot B), which 

accounts for both richness and evenness, shows a higher Shannon diversity in ticks from sheep 

compared to ticks from goats, indicating that microbial taxa are not only more numerous in 

ticks from sheep but also more evenly distributed. The Simpson dominance index (Plot C), 

which emphasizes the abundance of dominant species, reveals a higher Simpson index in ticks 
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from sheep. The Chao1 index (Plot D), which estimates species richness including rare species, 

further highlights that ticks from sheep tick show higher richness, reinforcing the observed and 

Chao1-based predictions that microbial diversity is greater in ticks from sheep than in goats.
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Figure 4.8: Alpha diversity analysis of boxplots (A-D) representing different alpha diversity metrics used to assess the bacterial diversity of 

Amblyomma hebraeum ticks collected from sheep and goats. 
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4.3.5 Beta diversity estimate of bacterial communities associated with Amblyomma 

hebraeum ticks collected from sheep and goats 

The Principal Coordinate Analysis (PCoA) plot, constructed using the Bray–Curtis dissimilarity 

index, evaluates the beta diversity of bacterial populations in A. hebraeum ticks collected from 

goats and sheep. The first principal component (Axis 1) highlights 37.3% of the total variation, 

while the second principal component (Axis 2) accounts for 15.4% of the variation. The plot 

reveals distinct clustering patterns based on the host species. Ticks collected from goats (red) form 

a separate cluster from those collected from sheep (blue), suggesting that the host animal strongly 

influences the microbial communities in these ticks. 

Although there is some overlap in the clusters, particularly along the second axis, the separation 

between goat- and sheep-derived ticks is evident. This distinct host-based clustering indicates that 

the host species primarily shapes the microbial composition of ticks. Gender influences microbial 

composition to a lesser extent, as suggested by the overlapping distribution of male and female 

ticks within each host cluster. Overall, the analysis highlights the significant role of host species 

in determining the microbial diversity of A. hebraeum ticks, with the host exerting a minor 

influence.



85 

 

 

 

Figure 4.9: Principal Coordinate Analysis (PCoA) in Amblyomma hebraeum ticks collected from 

sheep and goat showing the beta diversity constructed using Bray–Curtis. 



86 

 

4.3.6 Jaccard-NDMS 

The Non-Metric Multidimensional Scaling (NMDS) plot based on the Jaccard distance provides 

insights into the beta diversity of bacterial communities associated with A. hebraeum collected 

from goats and sheep (Figure 4.10). The Jaccard distance, a non-phylogenetic metric, quantifies 

differences in microbial composition by evaluating the presence or absence of bacterial taxa and 

their relative abundances across samples. In the NMDS plot, tick samples from goats (pink) and 

sheep (blue) exhibit distinct spatial distributions, with closer points indicating greater similarities 

in microbial communities and distant points reflecting higher dissimilarity. 

The analysis reveals a tendency for ticks from goats and sheep to form separate clusters, albeit 

with some degree of overlap. Notably, ticks collected from sheep form a more tightly clustered 

group, indicative of a relatively homogeneous microbial composition. In contrast, ticks from goats 

displayed a more dispersed distribution, suggesting greater variability in their associated microbial 

communities. This pattern highlights the influence of the host species on the microbiota of A. 

hebraeum, with goat-associated ticks exhibiting more diverse microbiota compared to the more 

uniform microbial communities observed in sheep-associated ticks. 
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Figure 4.10: The Non-Metric Multidimensional Scaling (NMDS) in Amblyomma hebraeum ticks 

collected from sheep and goat, showing the beta diversity constructed using Bray–Curtis.
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4.3.7 Determining the shared species richness between Amblyomma hebraeum ticks from 

different hosts and locations 

Venn diagrams of bacterial genera were constructed to determine the shared species richness 

between A. hebraeum ticks collected from different hosts and locations. The Venn diagram reveals 

the distribution of bacterial genera found in A. hebraeum ticks collected from goats and sheep, 

depicted in Figure 4.11. A total of 1,374 bacterial genera are shared between ticks from both hosts, 

indicating a significant overlap in microbiome composition. However, ticks from goats and sheep 

also harbour distinct microbiota, with 1,504 and 1,372 unique bacterial genera, 

respectivelyOverall, the combined richness of 4,250 bacterial genera highlights the diversity of 

microbial communities associated with A. hebraeum ticks in these hosts. 

The second Venn diagram illustrates the distribution of bacterial genera identified in A. hebraeum 

ticks collected from four locations: Dihatshwane, Rooigrond, Ramtlabama, and Masutlhe depicted 

in Figure 4.12. The central region of the diagram shows that 200 bacterial genera are shared across 

all four locations, indicating a core microbiome that persists regardless of geographic differences. 

Beyond this shared core, specific overlaps highlight further relationships. For example, 376 

bacterial genera are shared between Rooigrond and Ramtlabama, while 281 are shared between 

Ramtlabama and Masutlhe. Unique bacterial genera were observed in each location, with 

Dihatshwane, Rooigrond, Ramtlabama, and Masutlhe harbouring 194, 1,003, 601, and 868 

exclusive genera, respectively. 
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Figure 4.11: Venn diagram indicating the shared number of bacterial genera between Amblyomma 

hebraeum ticks collected from goats and sheep based on OTUs. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.12: Venn diagram indicating the shared number of bacterial genera between Amblyomma 

hebraeum ticks collected from four different locations: Dihatshwane, Rooigrond, Ramtlabama, 

and Masutlhe based on OTUs.
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4.4. Discussion 

 

Bacterial communities were investigated in A. hebraeum ticks collected from sheep and goats 

in Mahikeng villages, North West Province, South Africa.  Understanding livestock health, 

tick-borne pathogen transmission, and the dynamics of tick-borne diseases requires 

understanding the tick microbiome of ticks collected from varous hosts. Despite the 

significance, studies on the tick microbiome of South African small stock are scarce. The study 

revealed a significant divergence in bacterial communities associated with A. hebraeum ticks 

from sheep and goats, suggesting a host-dependent microbial diversity.  

 

The alpha diversity analyses, based on Observed OTUs, Shannon, Simpson, and Chao1 indices, 

revealed key differences in microbial community structure of the two host species. Shannon (p 

= 0.013832) and Simpson (p = 0.023322) indices showed significant variation, indicating that 

sheep-associated A. hebraeum ticks habored a more diverse and evenly distributed microbiota 

compared to goat-associated ticks. One possible explanation is that differences in host 

physiology, immune responses, and skin microbiota may influence the microbial communities 

of ticks during feeding (Clay et al., 2008; Zolnik et al., 2016). Sheep may provide a more 

diverse microbial pool or a permissive environment for microbial colonization compared to 

goats. Additionally, variation in grazing behavior, husbandry practices, and environmental 

exposure between sheep and goats could contribute to differences in tick-associated microbiota 

(Estrada-Peña et al., 2018). The Shannon and Simpson indices are particularly relevant in 

assessing microbial diversity as they account for species richness and evenness, providing a 

more comprehensive understanding of community structure (Signorini et al., 2022). In 

contrast, the Observed OTUs and Chao1 indices, which did not show significant differences (p 

> 0.05), suggest that while the diversity of microbial species may differ, the overall richness of 

species present in ticks from both hosts remains comparable. This distinction is critical as it 

implies that while the composition of the microbial community varies, the number of species 

may not be a limiting factor in the ecological interactions occurring within these tick 

populations (Grabner et al., 2022). 

 

The beta diversity analysis of A. hebraeum ticks from sheep and goats revealed distinct 

microbial community structures influenced primarily by host species. Principal Coordinate 

Analysis and NMDS showed clear clustering patterns, with ticks from sheep exhibiting more 
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homogeneous microbiota, while goat-associated ticks displayed a more dispersed pattern, 

reflecting a significant variability within the host. This variation could be attributed to 

differences in host physiology and immune responses, where sheep may provide a more stable 

internal and skin-associated microbial environment that promotes uniformity in tick 

microbiota, while goats may present more heterogeneous microbial inputs due to variations in 

diet, skin secretions, or management practices observed in the study area. These host-specific 

influences on tick-associated microbial communities align with earlier findings that vertebrate 

hosts play a major role in shaping the tick microbiome (Boulanger and Wikel, 2021; 

Narasimhan and Fikrig, 2015). Additionally, they may have significant consequences for 

vector control strategies aimed at mitigating tick-borne diseases. The differences in microbial 

community structures could influence the vector competency of A. hebraeum, as specific 

microbial taxa are known to affect tick physiology and pathogen transmission (Adegoke et al., 

2020; Mateos-Hernández et al., 2020). For instance, specific endosymbionts can enhance ticks' 

survival and reproductive success, thereby affecting their role as vectors for pathogens (Portillo 

et al., 2019; Du et al., 2023). Understanding these dynamics is essential for developing targeted 

interventions that could disrupt the transmission of tick-borne pathogens by manipulating the 

tick microbiome (Abbasi, 2024). 

 

At the phylum level, Proteobacteria was the dominant phylum in ticks from both hosts, 

accounting for 66.12% in goats and 41.80% in sheep. The predominance of Proteobacteria in 

various tick species has been consistently documented, suggesting a critical role for this 

phylum in shaping the microbial communities associated with these ectoparasites (Wei et al., 

2022).  This dominance may be explained by the metabolic versatility of Proteobacteria, which 

enables them to thrive in diverse environments, including the nutrient-limited conditions within 

ticks. Additionally, several Proteobacteria taxa include symbiotic species that contribute to 

essential functions such as vitamin biosynthesis, reproductive fitness, and pathogen facilitation 

within ticks (Duron et al., 2018; Bonnet et al., 2017). Recent studies on tick microbiota across 

multiple species reveal Proteobacteria as the predominant phylum, followed by Bacteroidetes 

and Firmicutes (Papa et al., 2020; Wei et al., 2022; Noguerales et al., 2024). The predominance 

of Proteobacteria has also been reported in the ticks from the AI Khotha region of Saudi Arabia 

(Alreshidi et al., 2020). These findings suggest a universal trend in tick microbiota 

composition, where Proteobacteria may play vital roles in the ticks' interactions, influencing 

tick physiology, development, and pathogen transmission, with variations in their abundance 
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and interactions across different tick species, developmental stages, and environmental 

conditions (Zhang et al., 2019). 

 

At the family level, Rickettsiaceae, Staphylococcaceae, Coxiellaceae, and Bacillaceae were 

dominant across host species, but their relative abundances varied. Goat-derived ticks were 

strongly dominated by Rickettsiaceae (50.68%), whereas sheep-derived ticks exhibited a more 

balanced representation of families. This suggests host-specific enrichment and possible 

functional implications in microbial interactions; it further links to the findings of alpha 

diversity, where in sheep, there was a more balanced and even distribution of microbial 

communities, while in goats, their distribution was dispersed to specific microbial 

communities. Low-abundance families such as Saprospiraceae, Cyclobacteriaceae, and 

Intrasporangiaceae, although minor in abundance, may contribute to ecological balance and 

microbial succession (Kurilshikov et al., 2021). 

 

Furthermore, at the genus level, Rickettsia was predominant in A. hebraeum ticks from both 

hosts, although their relative abundances differed. In the A. hebraeum ticks from goats, 

Rickettsia accounted for 51.64% of the micrbiome, whereas in ticks from sheep, it accounted 

for 18.85%. The high relative abundance of Rickettsia spp. in Amblyomma hebraeum ticks 

collected from goats suggests that, despite the goats’ grooming behavior, these ticks may still 

serve as significant reservoirs and vectors for Rickettsia spp.  This aligns with findings from 

previous studies that have reported higher tick burdens and associated pathogen prevalence in 

goats compared to sheep (Elelu et al., 2022; Iweriebor et al., 2020). The presence of Rickettsia 

spp. in these ticks raises both public and animal health concerns, as rickettsial infections can 

be transmitted through tick bites, causing various human diseases, including African tick bite 

fever. Notably, cases of tick-bite fever have been reported in South Africa, highlighting the 

ongoing risk of rickettsial infections in endemic regions (Musso et al., 2014; Narantsatsral et 

al., 2015; Cherry et al., 2018).   

 

In addition, the top 30 genera heatmap detected pathogenic genera including Coxiella, Bacillus, 

Staphylococcus, Corynebacterium, Ehrlichia, Acinetobacter, and Streptococcus in A. 

hebraeum ticks from sheep and goats, which has significant implications for both veterinary 

and public health. The presence of these pathogens in ticks can lead to increased morbidity and 

mortality in livestock, affecting productivity and economic stability for farmers (Estrada-Peña 

et al., 2012). For instance, Coxiella burnetii has been associated with reproductive issues in 
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ruminants, including abortions and stillbirths, which can have devastating effects on livestock 

populations (Telmadarraiy et al., 2023; Mangena, 2023). Additionally, pathogens such as 

Staphylococcus aureus, Streptococcus dysgalactiae, and Corynebacterium bovis have been 

reported to cause intramammary infections, leading to mastitis and reduced milk production in 

cattle (Taponen et al., 2017). Moreover, emerging zoonotic pathogens like Acinetobacter 

species have been reported in various animals and food sources, posing potential public health 

risks (Carvalheira, 2021). In Cuba, Ehrlichia bacteria were detected in Dermacentor nitens 

ticks, indicating the presence of a previously unreported Ehrlichia species in this tick host 

(Rodríguez et al., 2009). A case study reported six goats with gangrenous mastitis were found 

to have Bacillus sp. infections, which were successfully treated, although affected udder halves 

were discarded (Mavangira et al., 2013). In South Africa, seroprevalence studies have shown 

widespread distribution of E. ruminantium antibodies in goats, with higher prevalence in 

endemic regions and smallholder production systems (Mdladla et al., 2016; Jongejan et al., 

2020; Seakamela et al., 2024). 

 

Venn diagram analyses based on genus-level OTUs provided insights into shared and unique 

microbial communities across hosts and sampling sites. These unique genera may reflect host-

specific influences such as differences in diet, immune responses, or physiological conditions. 

The identification of a core microbiome, consisting of 200 bacterial genera shared across all 

locations, suggests a stable and resilient microbial community that is maintained despite 

geographic variations. This finding aligns with previous studies that emphasize the importance 

of core microbiomes in tick species, which can influence their biology and interactions with 

pathogens (Chicana et al., 2019; Couper et al., 2019; Adegoke et al., 2020). The persistence of 

this core microbiome may play a critical role in the ticks' ecological fitness and their capacity 

to act as vectors for tick-borne diseases. 

 

Further analysis on geographic origin, indicates localized microbial adaptations or interactions 

that could be influenced by environmental factors or host availability in the different regions. 

This observation is consistent with research indicating that environmental conditions and host 

interactions significantly shape the microbiome composition in ticks (Adegoke et al., 2021; 

Ponnusamy et al., 2024). The unique bacterial genera identified in each location further 

highlighted the ecological diversity and adaptability of tick microbiomes. Such diversity may 

reflect the specific ecological niches and host interactions present in each area, supporting the 
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idea that geographic and ecological factors are crucial in determining microbial community 

structure (Estrada‐Peña et al., 2020; Maldonado-Ruiz et al., 2021). 

 

Moreover, the high number of unique genera in Rooigrond suggests that this location may 

harbour a particularly rich and diverse microbial community, potentially due to specific 

environmental conditions such as its semi-arid climate, characterized by low and erratic rainfall 

and high temperatures (Spickett et al., 201). This finding is in line with studies that have shown 

how habitat and host diversity can significantly influence the composition of tick microbiomes 

(Segura et al., 2020; Liu et al., 2024). Particularly, the presence and relative abundance of 

Rickettsia in A. hebraeum ticks in this study may also be linked to specific environmental 

conditions that favour tick survival and reproduction, and the prevalence of associated 

pathogens. Differences in habitat between sheep and goats may contribute to variations of A. 

hebraeum ticks Rickettsia prevalence and other microbiota, consistent with research 

highlighting that tick species distribution and their associated pathogens can vary significantly 

based on geographic and climatic factors (Shao et al., 2020; Eljadar et al., 2022). 

Understanding these unique microbial communities is essential, as they may contribute to the 

ticks' vector competence and their interactions with pathogens, which could have implications 

for the transmission dynamics of tick-borne diseases (Rojas‐Jaimes et al., 2020; Adegoke et 

al., 2022). 

 

This study investigated the bacterial communities associated with Amblyomma hebraeum ticks 

haboured by sheep and goats in Mahikeng, South Africa. It highlights the significant influence 

of host species and geographic origin on the composition of the microbiome. Based on the 

alpha and beta diversity analyses, it was found that ticks from sheep possess a more diverse 

and evenly distributed microbiome, whereas those from goats are predominantly characterized 

by Rickettsia and exhibit more variable microbial profiles. The prevalence of Proteobacteria, 

alongside the identification of several pathogenic genera, including Rickettsia, Coxiella, 

Ehrlichia, and Staphylococcus, underscores the importance of these ticks in veterinary and 

public health contexts. Geographic variation also plays a crucial role in shaping the microbiome 

structure, with distinct bacterial taxa identified across different locations. Moreover, the 

presence of shared core genera indicates a degree of ecological stability within the microbiome. 

These findings emphasize the potential effects of environmental factors, host species, and 

microbial interactions on tick microbiota and the dynamics of pathogen transmission. This 

study enhances our understanding of the intricate relationships between ticks, their 
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microbiomes, and pathogens in South African small ruminants, supporting the development of 

microbiome-targeted strategies for the surveillance and control of tick-borne diseases.
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5. CHAPTER 5 

Bacterial communities harboured by Rhipicephalus evertsi evertsi 

ticks from small stock in Matlwang village, Potchefstroom 

 

5.1 Introduction 

Ticks are vectors of a wide range of pathogens, making them critical hematophagous 

ectoparasites that impact both animal and human health (Boulanger et al., 2019). One of the 

most widely distributed tick species in sub-Saharan Africa, Rhipicephalus evertsi evertsi, plays 

a significant role in transmitting multiple pathogens to livestock (Jongejan and Uilenberg, 

2004). To better understand tick biology and vector competence, it is essential to examine 

complex interactions and their surrounding microbial communities, including symbiotic and 

pathogenic bacteria (Narasimhan and Fikrig, 2015). 

 

Recent advancements in molecular methods, particularly high-throughput sequencing, have 

provided comprehensive insights into the microbiota associated with ticks (Bonnet and Pollet, 

2021). The 16S rRNA gene metabarcoding approach targets conserved bacterial regions, 

enabling detailed profiling of bacterial communities and offering insight into microbial 

populations’ quantity, diversity and composition (Caporaso et al., 2011). Several studies have 

used 16S rRNA metabarcoding to explore bacterial communities within ticks, revealing a wider 

variety of microbiomes across different tick species (Williams-Newkirk et al., 2014; 

Rynkiewicz et al., 2015; Kurilshikov et al., 2015; Sperling et al., 2017; Varela-Stokes et al., 
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2017; Egan et al., 2019; Lim et al., 2019; Egan et al., 2021). These studies identified a range 

of bacterial phyla, with Proteobacteria being the most dominant (Portillo et al., 2019; Papa et 

al., 2020; Mutai et al., 2022). Commonly observed genera include Rickettsia, Anaplasma and 

Coxiella species, alongside additional endosymbionts such as “Candidatus Midichloria 

mitochondrii” (Cerutti et al., 2018; Papa et al., 2020; Egan et al., 2021). Variations in tick 

microbiomes depend on factors such as host, species, gender, and geographic location 

(Kurilshikov et al., 2015).  

 

Next-generation sequencing (NGS) has revolutionized our understanding of tick-borne 

pathogens (TBPs), uncovering a previously hidden world of microbial diversity and host–

pathogen interactions (Egan et al., 2020; Rodino et al., 2021). By shedding light on the 

complex interplay between ticks, their microbial symbionts, and the pathogens they harbour, 

NGS offers a powerful lens through which to explore tick ecology and disease transmission 

dynamics. In South Africa, emerging studies have illuminated the diverse bacterial landscapes 

of veterinary and public health concern harboured by various tick species. Notably, Rickettsia 

africae has been detected in Amblyomma hebraeum (Kisten et al., 2021; Thekisoe et al., 2023), 

while Ehrlichia spp. have been identified in multiple tick genera infesting ruminants (Mtshali 

et al., 2015; Iweriebor et al., 2017; Mnisi et al., 2022). 

 

Adding to this body of work, Khoza et al. (2024) profiled tick distributions and their associated 

bacterial pathogens in cattle, identifying eight tick species with Rhipicephalus evertsi evertsi 

as the most dominant and highlighting the prevalence of Proteobacteria in the blood microbiota. 

These findings underscore tick microbiomes' ecological and epidemiological importance, 

which may be key to understanding microbial symbiosis, vector competence, and pathogen 

persistence. Despite these advances, there remains a critical surveillance gap regarding the 

microbial communities of ticks infesting livestock in rural regions such as Matlwang village, 

North West. To address this, the present chapter investigates the bacterial communities of R. e. 

evertsi using high-throughput 16S rRNA metabarcoding, aiming to uncover known and novel 

bacterial associations that may shape this tick species' biology and vector potential. 
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5.2 Materials and methods 

5.2.1 Study area, sample collection and DNA extraction 

A total of 273 Rhipicephalus evertsi evertsi tick samples were collected from sheep (n = 192) 

and goats (n = 80) in Matlwang village, Potchefstroom city [26.4451°S; 26.5552° E]. Ticks 

were identified morphologically using the keys from Latif (2013) and further confirmed using 

molecular assays targeting the 16S rRNA and 18S rRNA.  DNA was extracted using QIAGEN 

DNeasy® Blood & Tissue Kit according to the manufacturer’s instructions (Qiagen, Hilden, 

Germany). Details of the study area, sample collection, and DNA extraction are described in 

the materials and methods (Chapter 3.1). 

5.2.2 Library preparation and sequencing  

The 16S rRNA gene sequencing for R. e. evertsi ticks was executed using primers based on the 

Illumina DNA library preparation protocol (Illumina, USA). Locus-specific primers, 341F (5´-

CCT ACG GGN GGC WGC AG-3´) and 805R (5´-GAC TAC HVG GGT ATC TAA TCC-

3´) (Klindworth et al., 2013), targeting the hypervariable V3-V4 region (approximately 460 bp 

34 region) of the 16S rRNA gene, were used with overhang adapters at the 5`-end of forward 

and reverse primers, respectively (Illumina, USA). The PCR primers used were: forward 

primer 5’-TCG TCG GCA GCG TCA GAT GTG TAT AAG AGA CAG CCT ACG GGN 

GGC WGC AG-3’ and reverse primer: 5’-GTC TCG TGG GCT CGG AGA TGT GTA TAA 

GAG ACA GGA CTA CHV GGG TAT CTA ATC C-3’  (Klindworth et al., 2013). . The 

library preparation workflow entailed a first-stage amplicon PCR step to amplify the region, 

using 12.5 ng of DNA, 12.5 µl of KAPA HiFi HotStart ready Mix [0.5 U DNA polymerase, 

0.3 mM dNTPs, 2.5 mM MgCl2] (Kapa Biosystems, Wilmington, MA, USA), 0.2 µM final 

concentration of 0.2 µM of each forward and reverse primer was used in the reaction mix, a 

long with nuclease-free water (Thermo Fisher Scientific, USA) to a final volume of 25 µl.  The 

PCR Thermal reaction protocol using ProFlex PCR System (Applied Biosystems, USA) was 

carried out as follows: denaturing at 95°C for 3 min, followed by 35 cycles of 95°C for 30 

seconds, 55°C for 60 seconds, and 72°C for 30 seconds, and a final extension step at 72°C for 

5 min was included. 

 

PCR amplicons were then subjected to a PCR clean-up step using Agencourt AMPure XP 

magnetic beads (Beckman Coulter Genomics, USA). Following clean-up, index PCR was 

performed to attach dual indexes to PCR products using the Nextera XT index kit (Nextera, 
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USA). The indexing reaction was performed using 5 μl of amplicon PCR product DNA, 5 μl 

of Illumina Nextera XT Index Primer 1 (N7xx), 5 μl of Nextera XT Index Primer 2 (S5xx), 25 

μl of 2x KAPA HiFi HotStart Ready Mix, and 10 μl of nuclease-free water. The thermocycling 

using ProFlex PCR System (Applied Biosystems, USA), conditions were 95°C for 3 minutes 

followed by 8 cycles of 95°C for 30 seconds, 55°C for 30 seconds, 72°C for 30 seconds, and a 

final elongation step of 72°C for 5 minutes. Index PCR products were subjected to a second 

‘PCR clean-up’ step. The libraries were then quantified using a Qubit 3.0 fluorometer (Thermo 

Fisher Scientific, USA), normalized, pooled, and denatured in 0.2 N NaOH. Denatured libraries 

and 10% PhiX sequencing control were loaded onto the MiSeq flow cell using the MiSeq v3 

reagent kit for a paired-end (2 × 300 bp) sequencing run. Sequencing was performed using the 

Illumina MiSeq platform (Illumina, USA, at the North West University (NWU) Potchefstroom 

campus, South Africa. 

  

5.2.3 Bioinformatics and statistical analysis  

DADA2 was used to process reads obtained from the sequencing platform, after indexes and 

primers were removed (Callahan et al., 2021), following trimming, filtering, and removal of 

chimeras. Reads were truncated at 250 bp with maximum expected errors at 5, allowing no 

ambiguous bases. Error rates for forward and reverse reads were learned independently and 

then merged. The operational taxonomic units (OTUs) table was constructed, and taxonomy 

classification was assigned to the sequence variants using the SILVA 138.1 database (Quast et 

al., 2013). Downstream analyses and visualisation were done using the phyloseq package in R 

(McMurdie & Holmes, 2013). Alpha diversity was assessed using Observed OTUs, Chao1, 

Shannon, and Simpson indices. Beta diversity was evaluated using Bray–Curtis dissimilarity 

and Jaccard distance matrices, visualized through Principal Coordinate Analysis (PCoA) and 

Non-Metric Multidimensional Scaling (NMDS), respectively. Microbial abundance was 

visualised using ggplot2 (Wickham, 2016).The operational taxonomic units (OTUs) table was 

constructed, and taxonomy classification was assigned to the sequence variants using the 

SILVA 138.1 database (Quast et al., 2013). Downstream analyses and visualisation were done 

using the phyloseq package in R (McMurdie & Holmes, 2013). Alpha diversity was assessed 

using Observed OTUs, Chao1, Shannon, and Simpson indices. Beta diversity was evaluated 

using Bray–Curtis dissimilarity and Jaccard distance matrices, visualized through Principal 

Coordinate Analysis (PCoA) and Non-Metric Multidimensional Scaling (NMDS), 
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respectively. Microbial abundance was visualised using ggplot2 (Wickham, 2016). The 

statistical significance of diversity differences was tested using the Kruskal–Wallis test.  

 

5.3 Results 

5.3.1 Taxonomic composition Rhipicephalus evertsi evertsi ticks from sheep and goats 

5.3.1.1 The bacterial composition at the phylum level 

The taxonomic abundances of all OTUs at the phylum level were visualised using a stagged 

graph based on relative abundances (Figure 5.1). A total of 18 bacterial phyla were identified 

and assigned in all R. e. evertsi ticks from sheep and goats. In ticks from goats, the five most 

abundant bacterial phyla were Actinobacteriota (61.64%), followed by Firmicutes (31.41%), 

Proteobacteria (30.22%), Verrucomicrobiota (12.77%), and Bacteroidota (9.62%). The least 

abundant bacterial phyla included Chloroflexi (0.05%), Armatimonadota (0.53%) and 

Synergistota (0.04%) as shown in Figure 5.1. In ticks from sheep, the five most abundant 

bacterial phyla in R. e. evertsi ticks were Proteobacteria (37.80%), followed by Firmicutes 

(25.25%), Actinobacteriota (20.94%), Bacteroidota (8.46%), and Cyanobacteria (1.50%). The 

remaining bacterial phyla had relatively low abundances. The least abundant bacterial phyla 

were Bdellovibrionota (0.01%), Acidobacteriota (0.01%), and Desulfobacterota (0.02%), 

depicted in Figure 5.1. 
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Figure 5.1: Stagged plot for taxonomic abundance of the bacterial communities in 

Rhipicephalus evertsi evertsi ticks from sheep and goats at the phylum level. 

 

5.3.1.2 The bacterial composition at the class level 

A total of 19 assigned bacterial classes were identified in R. e. evertsi ticks collected from both 

sheep and goats. In goat derived ticks, the dominant bacterial class level was 

Gammaproteobacteria (48.57%), followed by Bacilli (27.88%), Actinobacteria (20.69%), 

Alphaproteobacteria (13.11%), and Bacteroidia (9.65%). The least abundant classes included 

Fusobacteriia (0.01%), Vampirivibrionia (0.07%) and Gracilibacteria (0.06%) depicted in 

Figure 3. In contrast, the microbiota of R. e. evertsi ticks from sheep was dominated by 

Gammaproteobacteria (33.25%), followed by Bacilli (22.38%), Actinobacteria (20.89%), 

Bacteroidia (8.49%) and Alphaproteobacteria (4.71%). The least abundant classes in sheep-

derived ticks included Coriobacteriia (0.04%), Anaerolineae (0.04%) and Vampirivibrionia 

(0.05%), depicted in Figure 5.2.  

 

Figure 5.2: Stagged plot for taxonomic abundance of the bacterial communities in 

Rhipicephalus evertsi evertsi ticks from sheep and goats at the class level. 

 

5.3.1.3 The bacterial composition at the order level 

A total of 19 bacterial orders were identified in the R. e. evertsi tick from goats. At the bacterial 

order level, the microbiota composition in goat-derived ticks was dominated by 

Staphylococcales (25.25%), followed by Bacillales (15.73%), Corynebacteriales (13.69%), 
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Lactobacillales (11.55%) and Sphingomonadales (10.00%). The least abundant orders included 

Bacteroidales (1.74%), Actinomycetales (1.70%) and Flavobacteriales. In contrast, 18 bacterial 

orders were identified in the R. e. evertsi tick collected from sheep. The sheep-derived ticks 

were dominated by Pseudomonadales (23.51%), followed by Corynebacteriales (16.33%), 

Staphylococcales (13.68%), Bacillales (5.17%) and Micrococcales (4.61%). The least 

abundant orders in sheep-derived ticks included Rhizobiales (0.56%), Caulobacterales (0.60%) 

and Cytophagales (1.08%), depicted in Figure 5.3. Additionally, chloroplasts were detected in 

tick samples from goats (3,70%) and sheep (1.56%). 

 

Figure 5.3: Stagged plot for taxonomic abundance of the bacterial communities in 

Rhipicephalus evertsi evertsi ticks from sheep and goats at the order level. 

 

5.3.1.4 The bacterial composition at the family level 

At a family level, 19 bacterial families were identified in R. e. evertsi ticks from goats and 

sheep. The dominant bacterial families in goat-derived ticks included Aerococcaceae 

(26.33%), followed by Corynebacteriaceae (14.2%), Coxiellaceae (13.80%), 

Staphylococcaceae (12.08%) and Sphingomonadaceae (10.49%). The least abundant families 

in ticks included Streptococcaceae (0.87%), Family XI (1.66%) and Arcobacteraceae (2.41%), 

as shown in Figure 5.4. In sheep-derived ticks, the dominant families were Corynebacteriaceae 

(16.87%), followed by Pseudomonadaceae (15.35%), Staphylococcaceae (14.80%), 

Moraxellaceae (10.58%) and Bacillaceae (5.44%). The least abundant family in the samples 
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included Dietziaceae (0.70%), Family XI (1.25%), and Dermabacteraceae (1.81%), depicted 

in Figure 5.4. 

 

Figure 5.4: Stagged plot for taxonomic abundance of the bacterial communities in 

Rhipicephalus evertsi evertsi ticks from sheep and goats at the family level. 

 

5.3.1.5 The bacterial composition at the genus level 

A total of 19 bacterial genera were identified in R. e. evertsi ticks collected from goats and 

sheep. At the genus level, the microbiota composition in ticks from goats revealed the 

following dominant genera: Corynebacterium (15.05%), followed by Staphylococcus 

(12.26%), Aerococcus (11.49%), Ehrlichia (7.26%), and Polynucleobacter (6.10%) (Figure 7). 

The least abundant genera included Anaplasma (0.79%), Streptococcus (1.00%), and 

Arcanobacterium (1.35%), depicted in Figure 5.5. In contrast, the microbiota composition in 

ticks from sheep showed a slightly different distribution: Corynebacterium (17.48%) was the 

most predominant, followed by Pseudomonas (16.37%), Acinetobacter (11.20%), 

Staphylococcus (10.29%), and Bacillus (5.66%) (Figure 7). The least abundant genera in sheep-

derived ticks included Glutamicibacter (1.21%), Sphingobacterium (1.28%) and Salinicoccus 

(1.36 %), depicted in Figure 5.5.   
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Figure 5.5: Stagged plot for taxonomic abundance of the bacterial communities in 

Rhipicephalus evertsi evertsi ticks from sheep and goats at the genus level. 

5.3.2 Host-based differences in bacterial genera 

The heatmap (Figure 5.6) illustrates the relative abundance of the top genus-level bacterial taxa 

in R. e. evertsi ticks collected from goats and sheep, highlighting distinct host-specific 

microbial patterns. Corynebacterium species were identified as the dominant species, occurring 

at a significantly high rate of 90% in both ticks collected from sheep and goats. In ticks from 

goats, genera such as Corynebacterium, Staphylococcus, and Aerococcus species show higher 

prevalence (>80%), as indicated by the warmer colours (green to yellow), suggesting these taxa 

are more dominant in goat-associated tick bacterial communities. In contrast, ticks from sheep 

display higher relative abundances of Pseudomonas and Acinetobacter species. Unassigned 

taxa or bacterial species were also observed in the sheep-derived ticks. Despite these variations, 

several genera, including Algoriphagus, Flavobacterium, and Escherichia-Shigella, are shared 

between both hosts, although their relative abundances differ. For instance, Algoriphagus 

shows ~60 % prevalence in goat samples but is lower in sheep (~20%). Notably, 

Sediminibacterium and Novosphingobium species are prevalent in ticks from both hosts, 

indicating potential resilience across different host environments. The Cutibacterium, 

Candidatus Aquarickettsia, and Sphingobacterium are exclusively detected in ticks from goats. 
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Figure 5.6: Heatmap of the top genus-level bacterial taxa in Rhipicephalus evertsi evertsi ticks from sheep and goats. 
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5.3.3 Alpha-diversity rarefaction curves of diversity associated with Rhipicephalus 

evertsi evertsi ticks from sheep and goats 

 

The rarefaction curves, generated using operational taxonomic units (OTUs), assess the 

sequencing depth and microbial diversity within the microbiomes of R. e. evertsi ticks collected 

from goats and sheep. Based on 16S rRNA amplicon sequencing, the curves illustrate species 

richness across varying sequence sample sizes, providing insight into the diversity of bacterial 

communities associated with ticks from different hosts. Ticks collected from goats (represented 

by red curves) reached a plateau in species richness at lower sequencing depths, indicating that 

their microbial communities are less diverse and that sequencing saturation is achieved more 

rapidly. In contrast, ticks collected from sheep (depicted by teal curves) show a slower 

progression toward a plateau, requiring greater sequencing depth to capture the full extent of 

microbial diversity. The variation in curve heights among individual samples highlights 

differences in microbial richness between individual ticks within each host group. Notably, 

some goat-associated ticks (e.g., Mg9 and Mg10) exhibit higher species richness than others, 

while sheep-associated ticks display more consistent but diverse microbial profiles.  
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Figure 5.7: Alpha-diversity rarefaction curve to interpret the sequence depth of the microbial diversity associated with Rhipicephalus evertsi 

evertsi ticks from sheep and goats based on the 16S rRNA gene amplicon.   
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5.3.4 Alpha diversity estimate of bacterial communities associated with Rhipicephalus 

evertsi evertsi ticks from sheep and goats 

 

Illumina MiSeq sequencing generated 996,689 sequence reads from R. e. evertsi ticks collected 

from goats and 791038 reads from from sheep. Following trimming, quality-control, removal 

of chimeric, low-quality and non-target sequences, the datasets were reduced to 758,806 valid 

reads for goat tick samples and 688,092 sheep tick samples. These sequences were clustered 

into 18,087 for goat ticks and 18,006 OTUs for sheep ticks. 

 

Alpha diversity was assessed using Observed OTUs and Chao1 (richness estimators) and 

Shannon and Simpson indices (diversity and evenness metrics). Statistical comparison of the 

metrics revealed distinct patterns in microbial diversity influenced by host species (Figure 5.8). 

The Kruskal-Wallis test was used to evaluate the significance. Observed OTUs and Chao1 

indices demonstrated a statistically significant difference (p < 0.05), indicating a greater 

diversity and even distribution of the microbial taxa in ticks from the sheep host. In contrast, 

the non-significant differences in Shannon and Simpson indices suggest that the overall 

richness, including rare taxa, was similar between the host-associated tick populations. The p-

values for each diversity metric were determined as follows: Observed OTUs p-value = 0.38; 

Shannon index p-value = 0.72; Simpson index p-value = 0.85; and Chao1 p-value = 0.23.  

 

The alpha diversity analysis of R. e. evertsi ticks from sheep and goats, as depicted in Figure 

5.8 (A-D), revealed clear patterns of bacterial diversity based on ticks’ gender and host species.  

In plot A, species richness is highest in female ticks from goats, followed by male ticks from 

the same host. In contrast, both male and female ticks from sheep exhibited lower species 

richness than goats. Similarly, the Shannon diversity index (plot B), which considers both 

richness and evenness, showed that female ticks from goats had the highest diversity, indicating 

a richer and more uniform microbial community. Male ticks from goats also had high diversity, 

but the bacterial communities of male and female sheep ticks were less diverse and more 

unevenly distributed. The Simpson dominance index (plot C), which emphasizes the 

abundance of dominant species, showed generally low dominance across all ticks, though male 

ticks from sheep exhibited slightly higher dominance values. Lastly, the Chao1 index (plot D), 

an estimator of species richness that includes rare species, confirmed that female ticks from 

goats had the highest estimated richness, followed by male ticks from goats. In contrast, the 
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Chao1 values for ticks from sheep were lower, particularly for female ticks, indicating that the 

microbial communities in sheep ticks were less diverse. 
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Figure 5.8: Alpha diversity analysis of boxplots (A-D) representing different alpha diversity metrics used to assess the microbial diversity of 

Rhipicephalus evertsi evertsi ticks collected from sheep and goats, separated by tick gender (female: F, male: M). (A) Observed OTUs, (B) 

Shannon diversity index, (C) Simpson diversity index, and (D) Chao1 richness estimator. Significant differences were observed for Observed 

OTUs and Chao1 's indices (p < 0.05), indicating higher microbial diversity and evenness in ticks from sheep.
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5.3.4 Beta diversity estimate of tick bacterial composition  

The Principal Coordinate Analysis (PCoA) plot, constructed using the Bray–Curtis 

dissimilarity index, assessed the beta diversity of bacterial populations in R. e. evertsi ticks 

collected from goats and sheep. The analysis was conducted at the genus level and aimed to 

explore variations in microbial community composition between the two host animalnd as 

across tick genders. The PCoA plot revealed that the first principal component (Axis 1) 

accounts for 18% of the total variation, while the second principal component (Axis 2) accounts 

for 12.9% of the variation. A clear clustering pattern is observed, with ticks from goats 

(represented by red circles and triangles) and sheep (represented by blue circles and triangles) 

forming separate groups (Figure 5.9).  

 

Regarding the tick gender, the PCoA plot demonstrates some overlap between male and female 

ticks within their respective host clusters. However, the clustering appears to be primarily 

influenced by the host species rather than gender. This finding suggests that, while gender may 

have a minor effect on microbial diversity, the host species is a more significant determinant 

of the microbial composition in these ticks.  
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Figure 5.9: Principal Coordinate Analysis (PCoA) in Rhipicephalus evertsi evertsi ticks collected from sheep and goat showing the beta diversity 

constructed using Bray–Curtis.  
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A Non-Metric Multidimensional Scaling (NMDS) plot was created based on the Jaccard 

distance to assess the beta diversity of bacterial populations in R. e. evertsi ticks collected from 

goats and sheep. The Jaccard distance, a non-phylogenetic metric, focuses on the presence or 

absence of bacterial taxa as well as their relative abundance, allowing for an examination of 

variations in microbial composition across different samples. In the NMDS plot, tick samples 

are displayed according to their microbial communities. Samples from goats are represented 

by pink circles and triangles, while samples from sheep are shown as blue circles and triangles. 

The positioning of these points on the plot indicates the degree of similarity or dissimilarity 

among the microbial communities; points that are closer together suggest greater similarity, 

while those that are farther apart represent larger differences. The analysis revealed that ticks 

from goats and sheep tend to form distinct clusters, although some overlap is observed. This 

clustering suggests that the microbial communities differ somewhat between ticks from the two 

host animals. Additionally, ticks from goats are more dispersed, indicating greater variability 

in their microbial communities compared to those from sheep. 
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Figure 5.10: Principal Coordinate Analysis (PCoA) in Rhipicephalus evertsi evertsi ticks collected from goats and sheep showing the Beta 

diversity constructed using Jaccard NDMS distance. 
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5.4 Discussion 

 

This study explored the bacterial communities harboured by Rhipicephalus evertsi evertsi ticks 

collected from sheep and goats in Matlwang village, Potchefstroom, North West Province, 

South Africa. Understanding the microbial community of ticks infesting livestock is essential 

for unravelling the complex dynamics of tick-borne diseases and their impact on animal health. 

Despite the growing concern around vector-borne pathogens, studies focusing exclusively on 

the tick-associated microbiomes of South African small ruminants remain scarce. Our findings 

revealed a striking divergence in bacterial community composition between ticks collected 

from sheep and those from goats, underscoring a clear host-associated microbial signature. 

These results not only enrich the current understanding of the tick microbial community but 

also emphasize the influence of host species on shaping microbial diversity within tick vectors. 

In this study, Actinobacteria (61.64%) were the predominant phylum identified in ticks from 

goat, while Proteobacteria (37.80%) dominated the microbiota of ticks from sheep. It has been 

reported that Actinobacteria were found to be less predominant in various tick species (Ixodes, 

Rhipicephalus, Dermacentor, and Haemaphysalis) collected from goats and sheep in Greece, 

whereas Proteobacteria were consistently the most abundant phylum in most ticks (Papa et al., 

2020). 

 

Proteobacteria play a crucial role in the microbiome of ticks, influencing the ecology and 

transmission dynamics of tick-borne pathogens (Bonnet and Pollet, 2021). This phylum 

encompasses a diverse array of bacteria, including significant veterinary pathogens such as 

Rickettsia, Anaplasma, and Ehrlichia, which are frequently associated with ticks and diseases 

in livestock (Narasimhan and Fikrig, 2015; Yan et al., 2019; Carvajal-Agudelo et al., 2022). 

The predominance of Proteobacteria in tick microbiota is well-documented across various tick 

species and geographical regions (Clayton et al., 2015; Van Treuren et al., 2015; Chicana et 

al., 2019; Grandi et al., 2023; Kamani et al., 2024). This high abundance highlights its potential 

role in tick physiology and pathogen interactions, suggesting that the presence of 

Proteobacteria is integral to tick biology (Clayton et al., 2015; Bonnet et al., 2017). These 

bacteria may influence tick development, reproduction, and immune responses, thereby 

impacting the tick's ability to transmit pathogens (Portillo et al., 2019; Carvajal-Agudelo et al., 

2022). Additionally, the dominance of Proteobacteria may impact metabolic processes within 
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ticks, such as carbohydrate fermentation and the maintenance of microecological balance 

(Carvajal-Agudelo et al., 2022; Zhang et al., 2023). 

 

The observed dominant phylum in this study, Actinobacteriota, is known for its diverse 

metabolic functions, and also plays a significant role in the tick microbiome (Liu et al., 2024). 

Recent studies have highlighted the complexity of microbiomes alongside other phyla such as 

Proteobacteria, Firmicutes, and Bacteroidota, Actinobacteriota is one of the predominant 

bacterial groups in ticks (Adegoke et al., 2020). The presence of TBPs  does not significantly 

alter the alpha and beta diversity of the tick microbiome, indicating a stable microbial 

community structure despite pathogen presence (Adegoke et al., 2020). This stability may 

reflect the contribution of Actinobacteriota to the resilience of the tick microbiome, potentially 

enhancing the tick's adaptability to various environments (Jiang et al., 2024). Moreover, the 

composition of the gut microbiota in ticks can vary significantly depending on the host species 

they parasitize.  

 

Furthermore, in this study, at the genus level, Corynebacterium and Staphylococcus were 

prominent in ticks from both sheep and goats, although their relative abundances differed. 

Among the compared top 20% genera compared across, the R. e. evertsi ticks from goats, 

Corynebacterium accounted for (15.05%) and Staphylococcus for (12.26%), whereas ticks 

from sheep showed (17.48%) and (10.29%), respectively. The prevalence of Corynebacterium 

and Staphylococcus species in ticks from livestock has been reported at high relative 

abundance, up to (57.6%) and (41.5%), respectively, in ticks from sheep (Perveen et al., 2022). 

This high prevalence suggests that these genera play an important role in the tick's biology, 

potentially influencing tick fitness, survival, and interactions with pathogens (Bonnet et al., 

2017; Hussain et al., 2022; Zhong et al., 2024). Variation in their abundance across different 

host species could reflect the adaptability of the tick microbiome to environmental conditions 

and host interactions. For instance, differences in microbial composition have been linked to 

factors such as geographical location, host species, and even the sex of the ticks (Zhang et al., 

2019; Rojas‐Jaimes et al., 2021). This adaptability might affect pathogen transmission, as 

certain microbial communities could either facilitate or inhibit the colonization of pathogens 

within the ticks (Karim et al., 2017; Perveen et al., 2022). Furthermore, interactions between 

commensal bacteria like Corynebacterium spp. and Staphylococcus spp. and pathogenic 

organisms may influence the transmission dynamics of tick-borne diseases such as Lyme 

disease or anaplasmosis (Karim et al., 2017; Perveen et al., 2022).  
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The detection of bacteria, such as Erhlichia spp. (7.26%), and Anaplasma spp. (0.79%) in R. 

e. evertsi ticks from goats, alongside Pseudomonas spp. (16.37%), Bacillus spp. (5.66%), 

Acinetobacter spp.  (11.20%) in ticks from sheep, has significant implications for both 

veterinary health and public health. These findings indicate a potential risk of TBD  

transmission, which could adversely affect livestock health and productivity. The detection of 

Ehrlichia spp. and Anaplasma spp., suggests that these ticks may act as reservoirs or vectors 

of these pathogens to livestock, leading to significant morbidity in livestock (Addo, 2023). 

Furthermore, the presence of Acinetobacter spp., Pseudomonas spp. and Bacillus spp. in sheep 

ticks indicates complex interactions between the tick microbiome and the pathogens they may 

carry, further influencing disease transmission (Adegoke et al., 2020). 

 

The alpha diversity analysis of R. e. evertsi ticks collected from sheep and goats assessed using 

four diversity indices (Observed OTUs, Shannon, Simpson, and Chao1), revealed distinct 

patterns in microbial diversity influenced by the host species and tick gender. The p-values 

obtained for each diversity index were as follows: Observed OTUs (p = 0.38), Shannon index 

(p = 0.72), Simpson index (p = 0.85), and Chao1 (p = 0.23). Since all p-values exceed 0.05, 

there is no statistically significant difference in microbial diversity between ticks from the two 

host species, indicating that the null hypothesis cannot be rejected. Despite the lack of statistical 

significance, graphical representations of the data indicate observable trends in microbial 

diversity. Female ticks from goats exhibited the highest species richness (Observed OTUs) and 

estimated richness (Chao1 index), followed by male ticks from the same host. In contrast, both 

male and female ticks from sheep harboured lower microbial richness. Similarly, the Shannon 

diversity index, which accounts for both species richness and evenness, suggests that goat-

associated ticks, particularly females, have more diverse and evenly distributed microbial 

communities than those from sheep. The Simpson index, which emphasizes the dominance of 

specific microbial species, shows relatively low dominance across all groups, although male 

ticks from sheep displayed slightly higher values, suggesting the presence of a few dominant 

species. 

 

This study offers the first detailed examination of the bacterial communities associated with R. 

e. evertsi ticks that parasitize sheep and goats in Matlwang village, South Africa. Although no 

significant differences in overall bacterial alpha diversity were observed between ticks from 



125 

 

the two host species, bacterial diversity was notably influenced by tick sex, with female ticks 

from goats exhibiting the highest species richness. This pattern may reflect differences in host 

blood composition, immune responses, or tick feeding behaviour. Goats are known to browse 

more diversely than sheep, which may expose ticks to a wider range of microbial communities 

through blood meals (van Soest, 1994). In contrast, sheep exhibit a more uniform grazing 

behaviour, potentially limiting microbial acquisition. Furthermore, sex-related physiological 

differences, such as larger blood meal volumes and longer feeding periods in females, could 

increase the likelihood of acquiring diverse bacterial taxa (Oliver, 1989; Arthur, 1965), while 

differences in reproductive investment and hormonal status may also influence microbial 

community composition (Zhang et al., 2014; Obregón et al., 2019). In addition, both male and 

female ticks from sheep displayed lower diversity and a more uneven distribution of bacterial 

communities. Ticks collected from goats exhibited a greater abundance of Actinobacteria, 

particularly Corynebacterium and Staphylococcus species. In contrast, ticks from sheep 

displayed a higher prevalence of Proteobacteria, including potential pathogens such as 

Pseudomonas and Bacillus species. The identification of Ehrlichia and Anaplasma species in 

ticks derived from goats suggests their potential role as vectors for critical tick-borne diseases 

affecting livestock. Additionally, the presence of a high number of commensal bacteria, which 

may interact with pathogens, emphasizes the intricate ecology of tick microbiomes. This 

complexity could significantly influence pathogen transmission dynamics. Overall, the 

findings underscore that host identity plays a crucial role in shaping the microbiome of R. e. 

evertsi, indicating that these bacterial communities are vital for tick fitness, adaptability, and 

vector competence. This study lays the groundwork for future investigations into tick-

pathogen-host-microbiome interactions and highlights the need for integrated tick surveillance 

strategies within South African small ruminant production systems. 
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6. CHAPTER 6 

Comparison of bacterial communities harboured by Amblyomma 

hebraeum and Rhipicephalus evertsi evertsi ticks from the North 

West Province, South Africa 

 

6.1 Introduction 

Ticks are known to carry a wide range of bacteria, which includes symbionts, opportunistic 

pathogens, and important tick-borne pathogens (TBPs) like Borrelia, Rickettsia, and 

Anaplasma (Andreotti et al., 2011; Adegoke et al., 2020). Several crucial elements, such as 

tick species, life stages, types of hosts, and environmental factors, influence these microbial 

ecosystems' complexity. Amblyomma hebraeum is a tick vector for various pathogens, 

including Rickettsia and Ehrlichia species. Research suggests that this tick species is frequently 

found on various host animals, highlighting its ecological versatility and potential for 

supporting diverse microbial communities (Bournez et al., 2015; Magaia et al., 2020; 

Makwarela et al., 2024). Similarly, Rhipicephalus evertsi evertsi has been associated with the 

spread of multiple tick-borne pathogens due to its common occurrence in livestock and its 

ability to serve as a vector for pathogens like Babesia, Anaplasma and Theileria (Matsimbe et 

al., 2017; Magzoub et al., 2020; Booysen et al., 2017; Makwarela et al., 2024). Additionally, 

the biotic association of these tick species with their microbes may aid in the understanding of 

the ecological and evolutionary epidemiology of these pathogens in different settings and hosts 

(Ledger et al., 2021; Mahlobo-Shwabede et al., 2021). 

 

Research indicates that the bacterial diversity harboured in these tick species may vary 

considerably due to host species, ecological niches, and geographical distribution. For instance, 

different climatic conditions and alternative host species have been shown to affect the 

distribution and microbial composition of ticks (Sungirai et al., 2016; Etiang et al., 2023). The 

interaction between A. hebraeum and R. e. evertsi may also contribute to their respective 

microbial profiles by influencing which species establish within them (Mapholi et al., 2022). 

Understanding these relationships sheds light on the ecology of these ticks and helps devise 

strategies for controlling tick populations and managing the pathogens they transmit. These 
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interactions not only provide information on the biology of the ticks but are also essential in 

formulating measures to reduce tick infestation and the associated diseases. 

 

The comparative analysis of the bacterial communities of A. hebraeum and R. e. evertsi ticks 

collected from sheep and goats in the North West Province will yield valuable information 

regarding their ecological roles and the potential health risks associated with the pathogens 

they habor. This chapter contributes to the broader understanding of TBDs and highlights the 

importance of monitoring bacterial communities within tick populations to enhance disease 

surveillance and control in South Africa. 

 

6.2 Materials and methods 

6.2.1 Study area, sample collection and DNA extraction 

Details of the sample number, study area, sample collection, and DNA extraction are described 

in the materials and methods (Chapter 3.1).  

 

6.2.2 Library preparation and sequencing   

The 16S rRNA gene sequencing for A. hebraeum ticks was executed using primers based on 

Illumina DNA library preparation protocol (Illumina, USA). Locus-specific primers, 341F (5´-

CCT ACG GGN GGC WGC AG-3´) and 805R (5´-GAC TAC HVG GGT ATC TAA TCC-

3´) (Klindworth et al., 2013), targeting the hypervariable V3-V4 region (approximately 460 bp 

34 region) of the 16S rRNA gene, were used with overhang adapters at the 5`-end of forward 

and reverse primers respectively (Illumina, USA). The PCR primers used were: forward primer 

5’-TCG TCG GCA GCG TCA GAT GTG TAT AAG AGA CAG CCT ACG GGN GGC WGC 

AG-3’ and reverse primer: 5’-GTC TCG TGG GCT CGG AGA TGT GTA TAA GAG ACA 

GGA CTA CHV GGG TAT CTA ATC C-3’(Klindworth et al., 2013). . The library preparation 

workflow entailed a first-stage amplicon PCR step to amplify the region, using 12.5 ng of 

DNA, 12.5 µl of KAPA HiFi HotStart ready Mix [0.5 U DNA polymerase, 0.3 mM dNTPs, 

2.5 mM MgCl2] (Kapa Biosystems, Wilmington, MA, USA), 0.2 µM final concentration of 

0.2 µM of each forward and reverse primer was used in the reaction mix, a long with nuclease-

free water (Thermo Fisher Scientific, USA) to a final volume of 25 µl. The PCR Thermal 

reaction protocol using ProFlex PCR System (Applied Biosystems, USA) was carried out as 
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follows: denaturing at 95°C for 3 min, followed by 35 cycles of 95°C for 30 seconds, 55°C for 

60 seconds, and 72°C for 30 seconds, and a final extension step at 72°C for 5 min was included. 

 

PCR amplicons were then subjected to a PCR clean-up step using Agencourt AMPure XP 

magnetic beads (Beckman Coulter Genomics, USA). Following clean-up, index PCR was 

performed to attach dual indexes to PCR products using the Nextera XT index kit (Nextera, 

USA). The indexing reaction was performed using 5 μl of amplicon PCR product DNA, 5 μl 

of Illumina Nextera XT Index Primer 1 (N7xx), 5 μl of Nextera XT Index Primer 2 (S5xx), 25 

μl of 2x KAPA HiFi HotStart Ready Mix, and 10 μl of nuclease-free water. The PCR Thermal 

reaction protocol using ProFlex PCR System (Applied Biosystems, USA),conditions were 

95°C for 3 minutes followed by 8 cycles of 95°C for 30 seconds, 55°C for 30 seconds, 72°C 

for 30 seconds, and a final elongation step of 72°C for 5 minutes. Index PCR products were 

subjected to a second ‘PCR clean-up’ step. The libraries were then quantified using a Qubit 3.0 

fluorometer (Thermo Fisher Scientific, USA), normalized, pooled, and denatured in 0.2 N 

NaOH. Denatured libraries and 10% PhiX sequencing control were then loaded onto the MiSeq 

flow cell using the MiSeq v3 reagent kit for a paired-end (2 × 300 bp) sequencing run. 

Sequencing was performed using the Illumina MiSeq platform (Illumina, USA), at the North 

West University (NWU) Potchefstroom campus, North West, South Africa. 

 

6.2.3 Bioinformatics and statistical analysis  

Microbiome bioinformatics analysis was conducted on the demultiplexed paired-end sequence 

reads utilising the QIIME 2 platform (Bolyen et al. 2019). The quality of the sequences was 

assessed using the FastQC software (Andrews, 2010) and subsequently trimmed at both the 5’- 

and 3’- ends to eliminate poor quality nucleotides. The sequences were denoised, merged, and 

depleted of chimeric sequences before clustering into Operational Taxonomic Units (OTUs) 

using the DADA2 denoiser (Callahan et al. 2016), which is integrated into QIIME 2. The OTU 

count table resulting from this process was depleted of singletons. The taxonomic assignment 

of the sequences was based on a 97% identity threshold using the q2-feature classifier 

(Bokulich et al., 2018)with a default confidence threshold of 0.7% against the SILVA v132 

reference database for bacterial V3 - V4 (Quast et al., 2013). Finally, bacterial OTUs were 

filtered to remove archaea, mitochondrial, and chloroplast sequences, and the resulting OTU 

tables were subsequently imported into R software (R Core Team, 2023) for further analysis.  
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Biostatistical analysis and visualisation were conducted using R statistical software version 

4.2.1 (R Core Team, 2022), primarily with the Phyloseq package (McMurdie and Holmes, 

2013) and its dependencies, unless otherwise specified. The descriptive statistics, including 

counts, mean, median, percentage, and range, were employed to describe the basic features of 

the sequences. Kruskal-Wallis analysis of variance was employed to evaluate differences in 

microbial richness (i.e., Chao1) and diversity (i.e., Shannon and Simpson) indices. Differences 

among groups were determined using Dunn's multiple comparison post-hoc test at alpha levels 

of 0.001, 0.01, and 0.05 presented as annotated boxplots. The The Analysis of Group 

Similarities statistics and the Bray-Curtis distance method (Bray and Curtis, 1957) were used 

to assess the overall variance in microbial composition of the ticks from goat and sheep, and 

the results were visualised as Principal Component Ordinate Analysis (PCoA) plots. Linear 

discriminant analysis (LDA) Effect Size (LEfSe) was carried out using the lefser package 

(Khleborodova et al., 2024) at alpha level of 0.1. Co-occurrence of bacterial genera was 

determined using the NetCoMi package (Peschel et al., 2021) and the Spearman correlation 

method (Spearman, 1904), with a filter threshold of 0.01. Undirected network modularity was 

calculated using the igraph cluster fast greedy function (Csardi and Nepusz, 2006). The 

resulting network and network attributes were imported and visualised on Gephi software 

version 0.10.1 (Bastian, Heymann and Jacomy, 2009), except for taxa roles, which was 

visualised using the R package ggplot2 (Wickham, 2016). The functional traits of the genus 

grouped in each module on the network were calculated as percentages by querying against the 

FAPROTAX database (Louca, Parfrey and Doebeli, 2016) without considering the abundance 

of the genus within each module.  

 

6.2.4 Validation of the microbiome analysis on selected taxa 

In order to validate the microbiome findings, the tick DNA samples were screened for the 

presence of Rickettsial agents using a Rickettsiaceae family-specific qPCR, using primers, 

Ma16SF: (5’-ACA GAA GAA GTC CCG GCA AA-3’), Ma16SR: (5’-TTG CCC CCT CCG 

TAT TAC C-3’) (Inqaba Biotech, South Africa) and a TaqMan MGBTM probe, Ma16SP: 

(FAM-5’-CCG TGC CAG CAG C-3’-MGB) (Thermo Fisher Scientific, South Africa) 

targeting a 64 bp fragment in the V3 hypervariable region of the 16S rRNA gene that is 

conserved between all known Anaplasma and Ehrlichia species species. Reactions were 

performed in a final volume of 20 µl according to Makgabo et al. (2023) and Makgabo et al. 

(2024). DNA extracted from the A. centrale and E. ruminantium vaccine strain (Onderstepoort 
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Biological Products (OBP), Pretoria, South Africa) were used as positive controls and 

molecular grade water as a negative control. Data was analyzed using the StepOnePlusTM 

software version 2.2. 

 

DNA samples were further subjected to the A. marginale and A. centrale species specific 

duplex qPCR assay targeting the msp1β gene of A. marginale and the groEL gene of A. centrale 

as previously described (Chaisi et al., 2017) with modification of the A. centrale probe, AC-

Pb (NED- ATC ATC ATT CTT CCC CTT TAC CTC GT- NFQ-MGB) (Thermo Fisher 

Scientific, South Africa) for use on an Applied Biosystem StepOnePlusTM Real-time PCR 

System 2.3 (Applied Biosystems, Life Technologies, South Africa). Reactions were prepared 

in a 25 µl final reaction volume comprising 12.5 µl TaqMan® Universal PCR Master Mix (LTC 

Tech South Africa (Pty) Ltd), 0.6 µM of the A. marginale-specific primers, 0.9 µM of the A. 

centrale-specific primers, 0.2 µM of each probe and 2.5 µl of target DNA (approximately 200 

ng). Positive control for the A. centrale assay was DNA extracted from the A. centrale vaccine 

strain obtained from OBP, Pretoria, South Africa. The positive control for the A. marginale 

assay was provided by the Department of Veterinary Tropical Diseases, Faculty of Veterinary 

Sciences, University of Pretoria, which was confirmed by sequencing of the A. marginale 

msp1α gene. Nuclease-free water was used as a negative control for the assay. Cycling 

conditions were as follows: UNG incubation at 50°C for 2 min and activation of AmpliTaq 

Gold at 95°C for 10 min, followed by 40 cycles of 1 min at 90°C, 1 min at 60°C. Data was 

analyzed with the StepOnePlusTM Real-time PCR System Software version 2.3. Samples were 

run in triplicate for both assays for reproducibility and repeatability and average Ct values 

recorded. 

 

6.3 Results 

6.3.1 Comparison of the bacterial communities in Amblyomma hebraeum and 

Rhipicephalus evertsi evertsi at the phylum level  

 

The bar plot illustrates the microbial composition at the phylum level across R. e. evertsi and 

A. hebraeum ticks collected from sheep and goats, depicted in Figure 6.1. The microbial 

diversity shows distinct variations between tick species and host animals. The most dominant 

bacterial phyla identified include Proteobacteria (54.32%), Firmicutes (16.77%), 
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Actinobacteriota (13%), Bacteroidota (10.34%), and Campilobacterota (1.48%), with 

noticeable differences in relative abundance across samples. 

 

Proteobacteria is the most abundant phylum in many samples, followed by Actinobacteriota 

and Firmicutes, while Bacteroidota is found in lower proportions. The remaining phyla are 

present in varying but lesser abundances, contributing to microbial diversity. Particularly, A. 

hebraeum ticks from sheep exhibit a distinct dominance of Proteobacteria (82.81%), whereas 

R. e. evertsi from goats and sheep show a more balanced representation of Firmicutes (27.82% 

and 19.48%, respectively) and Actinobacteriota (23.47% and 19.74%, respectively). The 

presence of additional phyla such as Cyanobacteria (0.27%), Spirochaetota (0.06%), 

Myxococcota (0.024%) and Desulfobacterota (0.06%) suggests a complex microbiome 

structure influenced by both tick species and host factors. 

 

 

Figure 6.1: Stacked bar chart representing the taxonomic bacterial composition of 

Rhipicephalus evertsi evertsi and Amblyomma hebraeum ticks from sheep and goats at the 

phylum level. 
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6.3.2 Comparison of the bacterial communities in Amblyomma hebraeum and 

Rhipicephalus evertsi evertsi at the genus level 

 

The genus-level microbiota composition of R. e. evertsi and A. hebraeum ticks collected from 

goats and sheep reveals distinct differences in bacterial abundance across tick species and host 

associations depicted in Figure 6.2. The most dominant genus across all groups is Rickettsia 

(27.98%), with significantly higher abundance (ANOVA: p <0.05) in A. hebraeum from sheep 

(61.42%) and goats (61.29%) than in R. e. evertsi from goats (0.21%) and sheep (0.1%). Other 

highly abundant genera include Corynebacterium (8.56%), Bacillus (5.24%), Staphylococcus 

(4.19%), and Sphingorhabdus (4.72%), though their distributions vary depending on the tick 

species and host. Significantly, Bacillus is more enriched in R. e. evertsi from goats (7.05%). 

Statistical differences in bacterial abundance among groups are indicated by the letters above 

the bars, where Rickettsia shows significant enrichment in A. hebraeum from sheep amd goats, 

while Bacillus and Corynebacterium exhibit host-specific variations. Significant differences 

can be observed in R. e. evertsi from sheep, which have a relatively high abundance of 

Acinetobacter (2.8%), Coxiella (2.2%), and Pseudomonas species (3.9%). In contrast, 

Ehrlichia (2.9%) and Aerococcus species (2.49%) comprise a high proportion of the bacterial 

composition in R. e. evertsi ticks from goats. 
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Figure 6.2: Stacked bar chart representing the taxonomic bacterial composition in Rhipicephalus evertsi evertsi and Amblyomma hebraeum ticks 

from goats and sheep at genus level. A significant difference is indicated by a, b or ab.  
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6.3.3 Comparative top fifty genus-level microbial diversity in Rhipicephalus evertsi evertsi 

and Amblyomma hebraeum from sheep and goats  

 

The heatmap presents the core microbiome composition at the genus level for R. e. evertsi and 

A. hebraeum ticks collected from goats and sheep, as depicted in Figure 6.3. The relative 

abundance of bacterial genera is illustrated using a colour gradient, where blue signifies low 

abundance and red indicates high abundance. Across all tick species and host animals, certain 

bacterial genera such as Rickettsia, Bacillus, Staphylococcus, Corynebacterium, Acinetobacter, 

and Pseudomonas species are consistently observed. However, the abundance of these genera 

differs among tick species and host animals. Notably, Rickettsia is found to be particularly 

abundant in A. hebraeum ticks, particularly those collected from sheep. Moreover, 

Acinetobacter and Pseudomonas species are dominant in sheep-derived R. e. evertsi ticks. 

Other genera, including Coxiella, Ehrlichia, Anaplasma, and Pseudarcicella, display irregular 

distributions. Furthermore, genera such as Algoriphagus and Flavobacterium are sporadically 

present across the ticks. Anaplasma species, a notable veterinary pathogen, was initially 

presumed to be widely distributed across various tick species. However, the heatmap analysis 

revealed its presence at low relative abundance, predominantly in R. e. evertsi ticks, 

specifically in samples Mg10, Mg12, and Mg8 collected from goats, and MSI and MS8 from 

sheep. Only a single A. hebraeum tick sample (MC3) exhibited a low-level presence of the 

pathogen.  In A. hebraeum,  Ehrlichia spp. were detected at low abundance from goat-

associated samples DC3, RC2, RC3, and RC5, as well as in sheep-associated samples DC3, 

RC2, and RC3. Similarly, R. e. evertsi ticks collected from goats, Ehrlichia spp. were detected 

in samples Mg15 and Mg12. Overall, R. e. evertsi ticks show a significant bacterial taxon at 

the genus level compared to A. hebraeum.
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Figure 6.3: Heatmap of the top fifty genus-level bacterial taxa in Rhipicephalus evertsi evertsi and Amblyomma hebraeum ticks from sheep and 

goats. 
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6.3.4 Validation of the presence of Anaplasma/Ehrlichia species in the ticks on qPCR 

 

The Anaplasma/Ehrlichia group-specific qPCR assay based on the 16S rRNA gene revealed the 

presence of Anaplasma/Ehrlichia spp. in 37.1% (13/ 35) and 31.4% (11/35) R. e. evertsi ticks 

collected from goat and sheep, respectively. The group-specific qPCR assay furthered the presence 

of Anaplasma/Ehrlichia spp. in 25.7% (9/35) and 5.7% (2/35) A. hebraeum ticks collected from a 

goat and sheep, respectively, confirming the microbiome data obeserved. Notably, the pathogenic 

A. marginale and less pathogenic A. centrale were not detected in the two tick species included in 

this study (qPCR results for individual samples are shown in Supplementary Table S1).  

 

6.3.5 Core microbiome and biomarker identification in Rhipicephalus evertsi evertsi and 

Amblyomma hebraeum ticks from sheep and goats 

 

The cladogram presents a phylogenetic analysis of bacterial taxa associated with R. e. evertsi and 

A. hebraeum from goats and sheep. The colour-coded sections indicate different bacterial groups 

significantly associated with each tick-host combination. Rhipicephalus evertsi evertsi  from goats 

(green) and sheep (purple) share several bacterial taxa regardless of the host. However, A. 

hebraeum exhibits distinct bacterial communities when collected from goats (orange) and sheep 

(pink). The Proteobacteria phylum, particularly Alphaproteobacteria and Gammaproteobacteria, 

is dominant across all groups, with Rickettsiales (including Rickettsia and Ehrlichia) being 

significantly enriched. Firmicutes, including Bacillales and Lactobacillales, are prominent, 

particularly in R. evertsi evertsi. Actinobacteria, including Corynebacteriales and 

Propionibacteriales, are particularly enriched in A. hebraeum.  
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Figure 6.4: LEfSe generated cladogram of the taxonomic biomarker differences in Rhipicephalus 

evertsi evertsi and Amblyomma hebraeum ticks’ bacterial community from sheep and goats. Lefse 

analysis included the distribution of low-abundance groups and the tick species in which they 

occurred. In this graph, all groups assigned to tick species have a significant relative abundance, 

suggesting it’s unique to the tick; the alpha level here was set at 0.05. 

 

6.3.6 Principal coordinate analysis (PCoA) relatedness between Rhipicephalus evertsi evertsi 

and Amblyomma hebraeum ticks from sheep and goats 

 

The Principal Coordinates Analysis (PCoA) plot illustrates the beta-diversity differences in 

microbiome composition among A. hebraeum and R. e. evertsi collected from sheep and goats. 

The x-axis (PCo1) accounts for 15.2% of the variance, while the y-axis (PCo2) explains 8.5%, 

representing the primary variations in microbial community composition. Distinct clustering is 

observed between the two tick species. There is some overlap in the shared bacterial taxa among 

these two tick species. Additionally, ticks collected from goats and sheep form overlapping 
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clusters. The prediction ellipses enclose individual tick groups, with some ellipses overlapping. 

The observed beta-diversity differences highlight species-specific microbiome variations, with 

potential bacterial co-occurrence across tick species and hosts.  

 

 

Figure 6.5: Principal coordinate analysis (PCoA) plot showing relatedness between Rhipicephalus 

evertsi evertsi and Amblyomma hebraeum tick bacterial community structures at the genus level. 

 

6.3.7 Determining the shared species richness between Rhipicephalus evertsi evertsi and 

Amblyomma hebraeum ticks collected from sheep and goats 

 

The Venn diagram illustrates the shared and unique microbiome composition between R. e. evertsi 

and A. hebraeum as depicted in Figure 6.6. The overlapping region represents 1,534 bacterial taxa, 

which constitute 63.1% of the total microbiome, indicating a significant core microbiome shared 
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between both tick species. R. e. evertsi harbours 8,425 unique taxa (27.8%), while A. hebraeum 

possesses 4,402 unique taxa (9%).  

 

The second Venn diagram illustrates the shared and unique bacterial taxa among R. e. evertsi and 

A. hebraeum collected from goats and sheep as depicted in Figure 6.7. The analysis reveals that R. 

e. evertsi from goats harbours the highest number of unique bacterial taxa (6,883 taxa, 12.8%), 

followed by R. e. evertsi from sheep (4,181 taxa, 9%), whilst A. hebraeum has significantly fewer 

unique taxa in both goats (1,266 taxa, 6.7%) and sheep (212 taxa, 0.1%). Interestingly, 211 

bacterial taxa (17.5%) are shared among all four groups. There is substantial intra-species 

microbiome similarity in R. e. evertsi, with 676 taxa (13.3%) shared between individuals from 

goats and sheep. In contrast, A. hebraeum from goats and sheep share only three taxa (0.02%). 

Moreover, microbial overlap between R. e. evertsi from sheep and A. hebraeum from goats is 

minimal (72 taxa, 0.6%), while R. e. evertsi from goats and A. hebraeum from sheep share no 

bacterial taxa (0 taxa). These findings highlight that tick species and host type significantly 

influence microbial community composition. 
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Figure 6.6: Venn diagram indicating the shared number of bacterial genera between Rhipicephalus 

evertsi evertsi and Amblyomma hebraeum ticks collected from sheep and goats based on OTUs. 

 

 
Figure 6.7: Venn diagram indicating the shared number of bacterial genera between Rhipicephalus 

evertsi evertsi and Amblyomma hebraeum ticks collected from sheep and goats based on OTUs. 
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6.3.8 Network connectivity of bacterial taxa within Rhipicephalus evertsi evertsi and 

Amblyomma hebraeum  

 

Due to the core-microbiome structure of the tick species, both ticks were investigated to understand 

their functional potential. The network connectivity of bacterial taxa within the tick microbiome 

at the phylum level, illustrating their ecological roles in microbial community structure, is depicted 

in Figure 6.8 and Figure 6.9. The x-axis displays different bacterial phyla, while the y-axis 

represents connectivity, divided into within-module and among-module connectivity (Figure 6.9). 

Within-module connectivity indicates how strongly a taxon is linked to others within own 

community, while among-module connectivity reflects its influence across multiple microbial 

clusters. 

 

Most taxa are represented as peripheral nodes (denoted by asterisks). In contrast, a few taxa are 

identified as module hubs (denoted by open circles), indicating their central role in maintaining 

microbiome structure. Proteobacteria, Firmicutes, and Bacteroidota appear to be highly 

represented. The presence of Cyanobacteria, Verrucomicrobiota, and Fusobacteriota with fewer 

connections suggests they play a more specialized role. Taxa abundance is depicted by the size of 

the points, with some phyla showing higher representation. Proteobacteria and Firmicutes exhibit 

the highest number of highly connected taxa, indicating their potential role in core microbiome 

functions. This connectivity analysis provides insights into microbial community dynamics and 

potential functional contributions to tick bacterial diversity. 
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Figure 6.8: Network connectivity of bacterial taxa within the tick microbiome of R. e. evertsi and A. 

hebraeum ticks. Key: M1: Firmicutes, M2: Proteobacteria, M3: Actinobacteriota, M4: 

Campilobacterota, M5: Patescibacteria, M6: Verrucomicrobiota, M7: Fusobacteriota, M8: 

Cyanobacteria, M9: Planctomycetota, M10: Bacteroidota, M11: Chloroflexi. 
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Figure 6.9: Network taxa roles within the tick microbiome of Rhipicephalus evertsi evertsi and 

Amblyomma hebraeum ticks. 

6.3.9 Functional potential of the bacterial communties in Rhipicephalus evertsi evertsi and 

Amblyomma hebraeum ticks  

 

The combined functional analysis of the microbiome from A. hebraeum and R. evertsi evertsi ticks, 

organized into co-occurrence network modules (M1–M16), highlights a wide range of metabolic 

potentials. Modules such as M1, M10, M13, and M14 were associated with various carbon-related 

processes, including photoheterotrophy, different forms of chemoheterotrophy, fermentation, and the 

breakdown of methanol and hydrocarbons, with M13 and M14 showing the highest activity. Nitrogen 

cycle-related functions like nitrogen fixation, nitrate and nitrite reduction, ammonia oxidation, and 

denitrification were also prominent in M13 and M14, indicating their role in nitrogen processing. 

Though less frequent, sulfur-related pathways were observed in modules like M5 and M13, 

particularly involving sulfate respiration and sulfur compound degradation. In contrast, modules M6 

through M9 were dominated by genes linked to host interaction traits such as pathogenicity (e.g., 

septicemia, gastroenteritis), parasitism, and the breakdown of complex organic compounds. Overall, 

M13 emerged as the most functionally diverse module across nutrient cycles, while M6 to M9 were 

more specialized in host-associated and environmental survival traits. 
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Figure 6.10: Functional potential of the tick microbiome Amblyomma hebraeum and Rhipicephalus 

evertsi evertsi ticks. M1-M16 are the modules in the co-occurrence network. 

 

6.4 Discussion 

 

This study compared the bacterial communities of A. hebraeum and R. evertsi evertsi ticks infesting 

sheep and goats in the North West Province of South Africa. Previous studies have confirmed the 

presence of A. hebraeum and R. evertsi evertsi tick species infesting sheep and goats in the North 

West, South Africa (Spickett et al., 2011; Mtshali, 2012; Mnisi et al., 2022). However, research in 

South Africa has primarily focused on the identification, epidemiology and conventional control of 

livestock and zoonotic TBPs, leaving a knowledge gap concerning the bacterial communities 

harboured by A. hebraeum and R. e. evertsi and their potentia significance, particularly in the North 

West Province (Spickett et al., 2011; Mtshali, 2012; Jongejan et al., 2020; Mnisi et al., 2022; 

Thekisoe et al., 2023; Makwarela et al., 2024). Despite the significance, studies on the greater tick 

microbiota of South African small stock are scarce. The study revealed a significant divergence in 

the bacterial communities associated with A. hebraeum and  R. e. evertsi ticks from sheep and goats, 

highlighting a species-dependent microbial diversity. 

 

In this study, at the phylum level, Proteobacteria (54.32%) was the dominant phylum in A. hebraeum 

and R. e. evertsi ticks from both sheep and goats, particularly A. hebraeum ticks from sheep exhibited 

a distinct dominance of Proteobacteria (82.81%). These findings are consistent with previous studies 
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on the Amblyomma and Rhiphicephelus tick genera, particularly concerning the distribution of 

bacterial phyla (Ackermann, 2019; Kisten et al., 2021). The finding that A. hebraeum ticks collected 

from sheep exhibited a high proportion of Proteobacteria aligns with prior research, where 

Proteobacteria were identified as the predominant phylum in various tick species, including the 

Amblyomma genus (Mutai et al., 2022).  The dominance of Proteobacteria in A. hebraeum and R. e. 

evertsi ticks may be attributed to their various functions that are advantageous to tick survival and 

development. Many members of this phylum are known for their role in nutrient acquisition and 

metabolic processes crucial for tick survival amidst challenging environments (Narasimhan and 

Fikrig, 2015). Furthermore, the presence of Proteobacteria correlates with potential transmission 

dynamics of TBPs, as these bacteria may interact with pathogens, influencing the tick vector 

competence (Gall et al., 2016). 

 

At the genus-level the most dominant genus across all groups is Rickettsia (27.98%) in the current 

study, with significantly higher abundance (p <0.05) in A. hebraeum from sheep (61.42%) and goats 

(61.29%) than in R. e. evertsi from goats (0.21%) and sheep (0.1%). This highlights critical ecological 

and epidemiological implications rickettsial agents. The dominance of Rickettsia, particularly in A. 

hebraeum, aligns with previous findings emphasizing this tick genus as a principal vector of 

Rickettsia spp., particularly Rickettsia africae, an important pathogen responsible for African Tick-

Bite Fever (Magaia et al., 2020; Kisten et al., 2021; Thekisoe et al., 2023). The high prevalence of 

Rickettsia in Amblyomma species corroborates findings from sub-Saharan Africa, where the 

prevalence of Rickettsia spp. in various tick species frequently exceeds 80%, reflecting their role as 

significant reservoirs (Eneku et al., 2023). The important difference in abundance between Rickettsia 

in A. hebraeum and R. e. evertsi suggests complex ecological interactions and host-tick-pathogen 

dynamics. Higher infection rates in A. hebraeum may result from its feeding habits on specific host 

types that facilitate Rickettsia transmission, as suggested in other geographic regions (Magaia et al., 

2020; Kisten et al., 2021). The findings observed in this study are of public health importance as 

Rickettsia species can be transmitted from infected ticks to livestock and subsequently to humans 

through zoonotic spillover, necessitating critical attention (Ghafar et al., 2020; Shehla et al., 2023). 

 

This study validated the presence of Anaplasma/Ehrlichia species in A. hebraeum and R. e. evertsi 

ticks through a group-specific quantitative PCR (qPCR) assay targeting the 16S rRNA gene. The 

results indicated a higher infection rate of Anaplasma/Ehrlichia species in R. e. evertsi ticks, recorded 

at 37.1% (13 out of 35), compared to 25.7% (9 out of 35) in A. hebraeum ticks collected from goats. 

These findings are consistent with the detection f Ehrlichia species at low abundance using the 16S 

rRNA metabarcoding sequencing approach. This raises significant concerns regarding animal health 
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and the potential for zoonotic transmission to humans, as other Anaplasma spp. known to occur in 

South Africa are of zoonotic importance.   Previous research in South Africa, including the work by 

Iweriebor et al. (2017), has documented the presence of Anaplasma and Ehrlichia pathogens in 

various tick species, particularly in the Eastern Cape Province. However, their distribution is not 

restricted to this region; several studies have also reported these genera in ticks from KwaZulu-Natal, 

Limpopo, and other provinces, highlighting their widespread occurrence across the country (Mtshali 

et al., 2015; Thekisoe et al., 2007; Allsopp et al., 2007).  

 

In addition, the core microbiome identified across all tick species from host animals revealed 

dominant bacterial genera such as Bacillus, Staphylococcus, Corynebacterium, Acinetobacter and 

Pseudomonas many of which are commonly associated with host skin, mucosal surfaces, or 

environmental sources (Loftis et al., 2008; Andreotti et al., 2011; Qiu et al., 2014; Adegoke et al., 

2020). Their presence may therefore reflect both potential symbiotic or opportunistic roles within the 

tick microbiome, such as aiding in metabolic functions or pathogen interactions, while also raising 

the possibility that some of these taxa could represent environmental or external contaminants 

introduced during host contact or from the tick’s immediate habitat (Ross et al., 2018; Van Treuren 

et al., 2015). However, the bacterial genera distribution varies depending on the tick species and the 

animal host. This observation is consistent with previous research indicating that the bacterial 

composition may be influenced by the feeding habits of ticks, their host specificity, and 

environmental factors (Bonnet et al., 2017). For example, host-switching in tick species that adapt to 

different host environments can lead to significant changes in the structure of the microbiome. These 

changes may impact the ticks' behaviour, survival, and ability to act as vectors for pathogens (Du et 

al., 2023). 

 

The Principal Coordinates Analysis (PCoA) of tick microbiomes indicate significant beta-diversity 

differences between the tick species, A. hebraeum and R. e. evertsi, collected from sheep and goats. 

The observed species-specific differences in microbiome composition highlight how the microbial 

communities associated with ticks are influenced by both the tick species and their host-related 

variability. This suggests that while the tick species plays a crucial role in shaping the resident 

microbial communities, host factors also contribute to microbiome structuring, with evidence leaning 

towards tick species as the primary driver of microbial diversity (Rynkiewicz et al., 2015; Chicana et 

al., 2019; Namiņa et al., 2023). Studies that align with these findings demonstrate that the intrinsic 

characteristics of ticks, such as their immune responses and specific ecological niches, significantly 

influence the composition of their microbiomes (Rynkiewicz et al., 2015; Bruley et al., 2025). The 

presence of overlapping microbiome profiles among samples collected from different hosts primarily 
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indicates shared environmental conditions and host interactions, where the tick species itself remains 

a dominant factor in microbiome specificity (Bonnet and Pollet, 2020; Mapholi et al., 2022). 

Consistent with this, studies have shown that distinct tick species can harbour unique microbial 

populations despite existing in the same geographical area. This supports the notion of host 

specialization influencing microbial communities (Chicana et al., 2019; Hussain et al., 2022). 

 

Moreover, the bacterial composition based on genus-level OTUs provided insights into shared and 

unique microbial communities between R. e. evertsi and A. hebraeum ticks collected from sheep and 

goats. Identifying a core microbiome comprising 1,534 bacterial taxa, which constitute 63.1% of the 

total microbiome, indicates a significant core microbiome shared between both tick species. R. e. 

evertsi harbours 8,425 unique taxa (27.8%), while A. hebraeum possesses 4,402 unique taxa (9%). 

These findings highlight the presence of a shared core microbiome among ectoparasites, which 

indicates evolutionary adaptations that may enhance the survival and reproductive success of the ticks 

by providing essential metabolic functionalities or pathogen resistance (Adegoke et al., 2020). 

Interestingly, in the current study, R. e. evertsi harbours a considerably larger proportion of unique 

bacterial taxa than A. hebraeum. Previous studies have shown that distinct host interactions and 

environmental factors can lead to varied microbiome compositions in ticks. Blood meals can 

influence the diversity and composition of the microbiome, which is facilitated by the nutritional 

composition and host immune responses in ticks (Zolnik et al., 2016; Munjita et al., 2024). Unique 

taxa may play crucial roles in tick biology, impacting digestion, immunity, and interactions with 

pathogens, thereby influencing the overall health and fitness of the ticks (Andreotti et al., 2011). 

 

The network connectivity of bacterial taxa within the tick microbiome of R. e. evertsi and A. 

hebraeum ticks at the phylum level demonstrated their ecological roles in microbial community 

structure. Proteobacteria and Firmicutes exhibited the highest number of highly connected taxa, 

indicating their potential role in core microbiome functions. Studies suggest that specific bacteria, 

particularly within the Proteobacteria and Firmicutes phyla, may contribute to tick survival, 

reproduction, and the modulation of vector efficacy in disease transmission (Varela‐Stokes et al., 

2018; Chicana et al., 2019). Moreover, the significance of these findings extends beyond basic 

ecological understanding into practical applications in vector control strategies. For instance, 

understanding how these dominant phyla interact and the overarching structural features of the tick 

microbiome can reveal new strategies to manipulate tick-associated bacteria to disrupt pathogen 

transmission mechanisms. Studies have shown that altering the microbiome can decrease tick fitness 

and affect their ability to harbour pathogens (Clayton et al., 2015; Estrada‐Peña et al., 2019). These 

insights are highly relevant given the global rise in tick-borne diseases, thereby encouraging 
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innovative approaches manipulating microbial community knowledge to mitigate health risks posed 

by these vectors. 

 

Furthermore, the functional analysis of the microbiomes of A. hebraeum and R. e. evertsi ticks, 

structured into co-occurrence network modules, revealed significant insights into microbial 

communities' ecological roles and metabolic potentials. The presence of specific modules associated 

with carbon cycling processes, including photoheterotrophy, chemoheterotrophy, fermentation, and 

the breakdown of methanol and hydrocarbons, suggests that these tick-associated microbiomes are 

not incidental but play crucial roles in nutrient cycles relevant to their ecological niches (Obregón et 

al., 2019). Specific modules exhibited high metabolic activity, indicating their critical function in 

sustaining microbial diversity and facilitating nutrient turnover within the tick's environment. 

Moreover, these modules' pronounced nitrogen cycle-related functions, including nitrogen fixation 

and denitrification, suggest a significant nitrogen processing capability within the tick microbiome 

(Obregón et al., 2019). This is especially relevant, as nitrogen cycling is essential for maintaining soil 

health and plant productivity, which may indirectly influence the habitats where these ticks thrive, 

highlighting the interconnectedness between tick microbiomes and broader ecological processes 

(Obregón et al., 2019). The presence of sulfur-related pathways is less frequent, further supporting 

that these ticks may contribute to sulfur cycling. However, this aspect warrants further investigation 

to understand its implications fully. 

 

This study provides the first comparative analysis of bacterial communities in A. hebraeum and R. e. 

evertsi ticks infesting sheep and goats in the North West Province of South Africa, highlighting 

significant species and host-associated bacterial diversity. Proteobacteria emerged as the dominant 

phylum, particularly in A. hebraeum from sheep, suggesting functional advantages for tick survival. 

Rickettsia species were significantly more abundant in A. hebraeum, aligning with its known vector 

competence for R. africae. The use of qPCR detection method of Anaplasma/Ehrlichia spp. 

confirmed the microbiome data, revealing higher infection rates in R. e. evertsi, supporting concerns 

for potential zoonotic spillover. Identifying core and unique microbiota revealed substantial bacterial 

diversity, with R. e. evertsi harbouring more unique taxa, indicating potential ecological and host-

driven influences. Functional and network analyses underscored the environmental importance of 

microbial taxa in nutrient cycling and tick physiology. The findings underscore the significance of 

tick microbiomes in shaping pathogen dynamics and ecological interactions, providing foundational 

data for future vector control and zoonotic disease mitigation strategies. 
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7. CHAPTER 7 

Conclusion and recommendations 
 

7.1 Tick identification using morphological and molecular techniques 

 

This comprehensive study primarily focuses on the presence, distribution and identification of tick 

species in South African livestock systems, using combined morphological and molecular 

approaches. The successful application of 16S rRNA and 18S rRNA gene sequencing not only 

confirmed the taxonomic identity of Amblyomma hebraeum and Rhipicephalus evertsi evertsi with 

high precision (99.23-100% sequence homology) but also established valuable genetic reference data 

through GenBank deposition (accession numbers PP80989-PP830102). These molecular markers 

proved particularly effective in resolving phylogenetic relationships, demonstrating apparent 

monophyletic clustering that supports their continued use in tick identification and evolutionary 

studies. 

 

7.2. Tick bacterial communities in Amblyomma hebraeum 
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This study unveils critical host-driven shifts in the bacterial diversity of A. hebraeum ticks parasitising 

sheep and goats in Mahikeng, South Africa, offering fresh insights into the complex microbial 

ecology of ticks in small-stock systems. Ticks from sheep harboured significantly more diverse and 

evenly balanced bacterial communities than goats, as confirmed by the Shannon (p = 0.0138) and 

Simpson (p = 0.0233) diversity indices. Yet, total species richness remained comparable across hosts. 

This suggests that while host factors strongly shape the tick microbial structure. No significant 

differences in overall bacterial alpha diversity were found between the ticks from the two host species. 

Notable compositional differences emerged, highlighting the influence of host species and tick sex 

on microbial structure. Beta diversity patterns showed that the tick bacterial communities clustered 

distinctly by host species. Sheep-associated ticks had a uniform bacterial community, while goat-

associated ticks displayed higher variability, pointing to host biology and possibly environmental 

exposure as key microbial influencers. At the phylum level, Proteobacteria led the bacterial 

landscape across both hosts, an expected but critical finding, reinforcing its central role in tick 

biology. However, at finer taxonomic scales, goat-derived ticks were overwhelmingly dominated by 

Rickettsiaceae and Rickettsia spp. (over 50% abundance), raising red flags for potential rickettsial 

disease transmission to both livestock and humans. 

 

Ticks from both hosts carry an arsenal of pathogens: Coxiella, Bacillus, Staphylococcus, 

Corynebacterium, Ehrlichia, Acinetobacter, and Streptococcus, many of which are implicated in 

reproductive losses, mastitis, zoonotic infections, and emerging antimicrobial resistance. Their 

detection in A. hebraeum demands urgent attention from veterinary clinicians and public health 

stakeholders. A resilient core microbiome of 200 genera was detected across all locations, suggesting 

ecological stability. Distinct location-specific taxa, particularly the rich microbial diversity in 

Rooigrond, highlight how environmental factors, habitat, and host diversity shape tick microbiota 

and, consequently, vector competence. 

 

7.3. Tick bacterial communities in Rhipicephalus evertsi evertsi 

 

This study provides novel insights into the gut bacterial communities of R. e. evertsi ticks parasitizing 

sheep and goats in Matlwang village, South Africa, and highlights the significant influence of host 

species on tick microbial composition. The discovery of a host-dependent divergence in microbial 

communities, where Actinobacteria dominate in tick populations associated with goats, while 

Proteobacteria prevail in those linked to sheep, underscores the increasing evidence that the tick 

microbiome is not static. Instead, it is dynamic and responsive to ecological and host-related factors. 

The prevalence of Proteobacteria, known to include significant veterinary and zoonotic pathogens, 
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aligns with previous research and highlights the essential role of this phylum in tick physiology and 

pathogen dynamics. Conversely, the surprising dominance of Actinobacteriota in goat ticks 

introduces a new perspective on the microbial ecology associated with tick-borne diseases in small 

ruminants. This finding invites further functional studies to explore the protective or metabolic roles 

that this phylum may play in the tick gut. At the genus level, the consistent identification of 

Corynebacterium and Staphylococcus in ticks from both host species suggests their potential roles as 

commensals or symbionts. These genera may enhance tick fitness and influence pathogen 

transmission, particularly in ecological changes or interactions between vectors and hosts. The 

observed variation across host species supports the hypothesis that host-specific factors, such as blood 

composition, immune responses, and skin microbiota, may shape the internal microbial ecosystem of 

ticks. 

 

The detection of Ehrlichia spp., Anaplasma spp., Pseudomonas spp., and Bacillus spp. within the tick 

microbiome raises important concerns regarding the potential transmission of tick-borne pathogens 

in livestock populations and possibly humans. These findings have significant implications for 

veterinary and public health, particularly in under-surveyed regions like Matlwang, where tick 

surveillance is limited. Notably, the coexistence of both commensal and pathogenic bacteria suggests 

that complex microbial interactions may impact the vector competence of R. e. evertsi.  

Although alpha diversity comparisons did not yield statistically significant differences, trends 

observed in the diversity indices indicate higher richness and diversity in ticks from goats, especially 

in females. These non-significant but biologically relevant trends hint at potential gender- and host-

associated microbiome shifts, warranting larger-scale studies to validate these observations. This 

study contributes to the underexplored field of livestock-associated tick microbiomes in South Africa, 

offering baseline data and revealing ecological patterns that merit further investigation. The findings 

underscore the need for longitudinal studies that integrate environmental, host, and vector data to 

disentangle the drivers of tick microbiome diversity and their implications for tick-borne disease 

emergence and control strategies. 

7.4. Key differences in bacterial communities of Amblyomma hebraeum and Rhipicephalus 

evertsi evertsi 

 

Proteobacteria dominated both tick species, but A. hebraeum from sheep showed a significant 

bacterial community (82.8%), suggesting a more substantial metabolic reliance on this phylum, which 

is known to support tick survival, nutrient acquisition, and vector capacity. Moreover, genus-level 

differences were observed in A. hebraeum, dominated by a high abundance of Rickettsia (61.42% in 
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sheep-derived ticks) and R. e. evertsi, characterised by greater microbial diversity, including 

Corynebacterium and Staphylococcus species. This highlights A. hebraeum as a more competent 

vector of Rickettsia africae, the agent of African Tick Bite Fever, with significant zoonotic risk 

implications. These distinct microbial profiles, influenced by tick species and host animals, highlight 

the complex interplay between vectors, their microbiota, and vertebrate hosts. At substantial levels, 

the detection of pathogenic genera (Ehrlichia, Anaplasma, and Coxiella) highlights the ongoing threat 

these ticks pose to livestock health and potential zoonotic transmission. The R. e. evertsi ticks 

contained a more diverse range of bacterial taxa (8,425; 27.8%) compared to A. hebraeum (4,402; 

9%), suggesting a wider range of bacterial community that may be influenced by factors such as host 

range, environmental exposure, or variability in blood meals. From an ecological perspective, 

identifying 1,534 shared bacterial taxa, representing 63.1% of the core microbiome, suggests 

conserved microbial functions across these two tick species. In contrast, the thousands of unique taxa 

indicate species-specific adaptations. Both species’ microbiomes were enriched in taxa from 

Proteobacteria and Firmicutes, which exhibited high network connectivity, implying central roles in 

microbiome stability and pathogen interactions, and potentially influencing tick vector competence. 

Predicted functional pathways linked to energy metabolism and carbon and nitrogen biogeochemical 

cycling further emphasized these microbial communities' ecological adaptability and metabolic 

sophistication.  

 

7.6. Conclusion 

 

This study successfully combined morphological and molecular approaches to identify Amblyomma 

hebraeum and Rhipicephalus evertsi evertsi accurately. The study offers one of the most 

comprehensive characterizations of tick-associated bacterial communities in South African small-

stock systems using next-generation sequencing. The study's findings show that host species 

significantly shape the tick microbiome, while sheep-associated ticks exhibit stable and less variable 

bacterial communities compared to goats. Rhipicephalus evertsi evertsi ticks demonstrated greater 

bacterial diversity, including more Actinobacteria in goat-derived samples, and harboured several 

potentially pathogenic genera like Ehrlichia, Anaplasma, Acinetobacter and Pseudomonas species. 

Shared and unique bacterial taxa between tick species underscore species-specific microbial 

adaptation, while a conserved core microbiome suggests ecological stability and essential microbial 

functions. The predicted metabolic pathways linked to carbon and nitrogen cycling suggest a 

functionally versatile microbiome, possibly contributing to tick fitness and pathogen carriage. This 

study confirms the identity of these two important tick species in South Africa, significantly showing 

how the bacterial communities shape these ticks, with important implications for tick-borne disease 
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management in South Africa. The demonstrated efficiency of using morphological and molecular tick 

identification techniques supports their incorporation into surveillance programs. In contrast, next-

generation sequencing suggests potential targets for novel control strategies that could manipulate 

microbial communities to reduce vector competence. The study establishes a foundation for future 

research into tick-microbe interactions while providing actionable data for developing more effective, 

targeted approaches to mitigate these significant ectoparasites' economic and health impacts. 

 

7.7. Recommendations 

This study has significantly advanced our understanding of the bacterial communities and genetic 

diversity associated with Amblyomma hebraeum and Rhipicephalus evertsi evertsi ticks infesting 

small stock in South Africa’s North West Province. We recommend several strategic directions for 

future research, disease management, and policy development to build on these findings. First, to 

overcome current limitations in bacterial identification, future studies should employ long-read 

sequencing technologies such as Oxford Nanopore or the PacBio system, targeting the full-length 16S 

rRNA gene for more accurate species-level resolution. Additionally, integrating metagenomics and 

metatranscriptomics will enhance our understanding of microbial functions, interactions, and 

ecological roles within the tick microbiome. Expanding the scope of research to include seasonal and 

regional sampling, along with longitudinal study designs, will provide deeper insights into temporal 

and spatial shifts in microbial diversity. Investigating the vertical transmission of bacterial taxa from 

parent ticks to offspring is also crucial, as it may reveal how microbial communities are maintained 

across generations.  

 

From a disease management and policy perspective, host-specific factors such as immune responses 

or skin-associated microbiota should be explored to understand their influence on tick-associated 

bacterial communities, particularly in ticks derived from sheep versus goats. Developing host-specific 

tick control strategies, including selective acaricide use and microbiome-informed vaccine 

development, is essential from a disease management perspective. These efforts should be supported 

by integrated tick management programs that combine environmental, biological, chemical, and host-

targeted approaches. Establishing a regional tick surveillance system using traditional and molecular 

tools will be vital for early detection of emerging threats. Equally important is community education 

and improved access to veterinary services, especially in rural areas, to empower livestock keepers 

in managing tick infestations effectively. Policy frameworks should promote cross-sector 

collaboration, support applied research through systems thinking, and address the implications of 

climate change, which may alter tick distribution and disease dynamics. Adopting a One Health 
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approach that integrates human, animal, and environmental health is critical for sustainable and 

comprehensive control of tick-borne diseases in the North West Province and the broader Southern 

African region. 
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Supplementary Material 

 

Supplementary figures 

 

 

Figure S1: Amplified 16S rRNA gene DNA of ticks collected from sheep and goats. M indicates DNA 

ladder, and 1- 11 indicates the amplified gene of the ticks. 

 

 

 

Figure S2: Amplified 18S rRNA gene DNA of ticks collected from sheep and goats. M indicates DNA 

ladder, and 1- 11 indicates the amplified gene of the ticks. 
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Figure S3: Morphological identification of the tick species Rhipicephalus evertsi evertsi collected 

from sheep ticks in Matlwang. Male ventral view (A), Male dorsal view (B). Female ventral view 

(C), Female dorsal view (D). 
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Supplementary Table 

 

Table S1: Detection of Anaplasma/Ehrlichia species in Rhipicephalus evertsi evertsi and Amblyomma hebraeum from sheep and goats using qPCR.  

Sample 

Number 

Original 

sample 

name 

Host Tick gender Tick species Location Anaplasma/Ehrlichia-

group specific qPCR 

1 DHG11 Goat Female Rhipicephalus evertsi evertsi Matlwang village 28,42 

2 MO2 Sheep Unknown (pooled samples) Amblyomma hebraeum Mafikeng local Municipality 29,52 

3 1G Goat Male Rhipicephalus evertsi evertsi Matlwang village 28,76 

4 2G Goat Male Rhipicephalus evertsi evertsi Matlwang village 28,65 

5 3G Goat Male Rhipicephalus evertsi evertsi Matlwang village 30,21 

6 4G Goat Female Rhipicephalus evertsi evertsi Matlwang village 24,79 

7 5G Goat Female Rhipicephalus evertsi evertsi Matlwang village 29,21 

8 6G Goat Male Rhipicephalus evertsi evertsi Matlwang village 26,72 

9 7G Goat Male Rhipicephalus evertsi evertsi Matlwang village 26,27 

10 8G Goat Male Rhipicephalus evertsi evertsi Matlwang village 19,84 

11 10G Goat Female Rhipicephalus evertsi evertsi Matlwang village 28,16 

12 12G Goat Female Rhipicephalus evertsi evertsi Matlwang village 32,12 

13 CDG5 Goat Female Rhipicephalus evertsi evertsi Matlwang village 17,77 

14 DHG8 Goat Female Rhipicephalus evertsi evertsi Matlwang village 23,59 

15 1S Sheep Female Rhipicephalus evertsi evertsi Matlwang village 26,77 

16 2S Sheep Female Rhipicephalus evertsi evertsi Matlwang village 26,56 

17 3S Sheep Female Rhipicephalus evertsi evertsi Matlwang village 26,26 
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18 4S Sheep Female Rhipicephalus evertsi evertsi Matlwang village 30,48 

19 5S Sheep Male Rhipicephalus evertsi evertsi Matlwang village 24,79 

20 6S Sheep Male Rhipicephalus evertsi evertsi Matlwang village 30,69 

21 7S Sheep Female Rhipicephalus evertsi evertsi Matlwang village 31,36 

22 8S Sheep Male Rhipicephalus evertsi evertsi Matlwang village 30,65 

23 9S Sheep Female Rhipicephalus evertsi evertsi Matlwang village 20,64 

24 10S Sheep Female Rhipicephalus evertsi evertsi Matlwang village 30,88 

25 RC3 Goat Unknown (pooled samples) Amblyomma hebraeum Mafikeng local Municipality 30,74 

26 RMC4 Goat Unknown (pooled samples) Amblyomma hebraeum Mafikeng local Municipality 31,06 

27 MC3 Goat Unknown (pooled samples) Amblyomma hebraeum Mafikeng local Municipality 26,75 

28 MC4 Goat Unknown (pooled samples) Amblyomma hebraeum Mafikeng local Municipality 29,26 

29 RMC4 Goat Unknown (pooled samples) Amblyomma hebraeum Mafikeng local Municipality 26,99 

30 MC5 Goat Unknown (pooled samples) Amblyomma hebraeum Mafikeng local Municipality 23,70 

31 RC5 Goat Unknown (pooled samples) Amblyomma hebraeum Mafikeng local Municipality 23,70 

32 MC2 Goat Unknown (pooled samples) Amblyomma hebraeum Mafikeng local Municipality 25,95 

33 RMC1 Goat Unknown (pooled samples) Amblyomma hebraeum Mafikeng local Municipality 21,91 

34 RO3 Sheep Unknown (pooled samples) Amblyomma hebraeum Mafikeng local Municipality 31,30 

35 RMO4 Sheep Unknown (pooled samples) Amblyomma hebraeum Mafikeng local Municipality 30,16 

 


