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 Abstract 

Background:  

Vector-borne pathogens, which include viruses, bacteria and protozoa, are among the most 

common etiological agents of acute febrile illness (AFI) worldwide and have reportedly 

caused epidemics of human disease in recent decades. Ticks are important vectors and they 

are ranked only second to mosquitoes, in vector-borne disease transmission. Studies carried 

out at Kenya Medical Research Institute / United States Army Medical Research Directorate 

– Africa (KEMRI/USAMRD-A) have shown a wide distribution of ticks in Kenya indicating 

potential for transmission of tick-borne pathogens including Rickettsia spp., Borrelia spp., 

Coxiella burnetii, Ehrlichia spp., Babesia spp., Anaplasma spp. and Crimean-Congo virus. 

Although these pathogens have been reported in Kenya, there has been no systematic study of 

the disease burden in the country. Within Kenya, AFI is a reason common for patients to go 

to health care facilities and patients are often empirically treated without laboratory evaluation 

for the causal agent. It is therefore, imperative to determine etiologies of acute febrile illness 

other than malaria and associated risk factors.  

Objective: The present study aimed at optimizing two multiplexed real time polymerase chain 

reaction assays for detection of eight tick-borne pathogens and using them to evaluate the 

distribution, risk factors and associated signs and symptoms of tick-borne pathogen infections 

as etiological agents of acute febrile illness in different geographical regions in Kenya. The 

study also aimed at determining whether ticks infesting domestic animals in Kenya harbor 

bacteria of zoonosis relevance that can be transmitted to human.  

Methodology: The present study was conducted on 6,207 archived samples that were 

collected from patients seeking healthcare aged one year and above with fever of equal or 
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greater than 38⁰C without a diagnosis of the causative agent of fever after routine clinical 

diagnosis. Samples used in this study were collected between 2008 and 2017 in county and 

sub-county hospitals located in diverse geographical regions in Kenya including Lake Victoria 

region (Kisumu County hospital, Kombewa sub-county hospital, Alupe sub-county hospital, 

Busia), Kisii Highlands (Kisii county hospital), Rift valley region (Marigat sub-county 

hospital Baringo, Lodwar county hospital and  Gilgil sub-county hospital, Nakuru) North 

Eastern Region (Iftin sub-county hospital, Garissa, Garissa police line dispensary, Garissa and 

Isiolo county hospital), Coastal region (Malindi sub-county hospital, Kilifi) and Cosmopolitan 

urban region (Eastleigh health center, Nairobi). To determine bacteria community in ticks that 

can be potentially transmitted to humans, archived genomic DNA samples from 460 adult tick 

samples were used. These ticks were collected between 2007 and 2008 from domestic animals 

including cattle sheep and goats from diverse geographical regions in Kenya. Two multiplex 

Real Time PCR assays and 16s rRNA metagenomics were used for detection of tick-borne 

pathogens in the human and tick specimens, respectively. Demographic and clinical data 

including age, gender, place of residence, signs and symptoms, contact with animals and type 

of animals, tick bite, collected at the time of sample collection was used to determine risk 

factors for human tick-borne infections.  

Results: 

Two real time PCR assays in a multiplex format were optimized and evaluated for eight tick-

borne zoonosis pathogens. The assays were organized in duo assays of 4-plex each. Assay 1 

was optimized for Anaplasma phagocytophilum, Coxiella burnetii, Borrelia burgdoferi and 

Ehrlichia chaffeensis. Assay 2 was optimized for Rickettsia spp., Bartonella spp., other 

Borrelia spp. which are not B. burgdoferi and Babesia spp. Using synthetic plasmids it was 
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shown these assays can specifically detect all the target sequences in the same reaction tube. 

Assay 1 had a limit of detection of 2 copies for all target genes. Assay 2 was less sensitive and 

on average had a limit of detection of 18 copies of target genes. In replicate tests, both assays 

had intra-assay variation of less than two cycles. Using Bland-Altman analysis, the 

performance of the two 4-plex assay was similar to that of the singleplex assays qualifying 

them for simultaneous detection of four tick-borne zoonosis pathogens per assay. Whole blood 

samples collected from undifferentiated acute febrile illness patients were tested for presence 

of eight tick-borne zoonosis using the two 4-plex real time PCR. Of the patients accessed 

3,082 (50.9%) were male and 2,979 949.2%) were female. The age of the patients ranged 1 to 

80 years with a median of 5 years. Of these, all 6,207 were tested for Rickettsia, 4,017 for 

Coxiella, 3,615 for A. phagocytophilum, 3,659 for E. chaffeensis, and 3,657 for B. burgdoferi, 

3,480 for Babesia spp., 3,463 for Bartonella spp and 3,463 for Borrelia spp. which are not B. 

burgdoferi. Overall, 1,017 (16%) were positive for at least 1 tick - borne zoonosis pathogen 

(confidence interval (CI :) 15.3 – 17.1). Of these 475 (8%) (CI: 7.9-8.3) were positive for 

Rickettsia, 271 (6%) were positive for Coxiella (CI: 5.6-7.0), 55 (1.5%) were positive for A. 

phagocytophilum (CI: 1.1 – 1.9), 111 (3%) were positive for E. chaffeensis (CI: 2.5 – 3.6), 56 

(1.5%) were positive for B. burgdoferi, (CI: 1.1 – 1.9), 36 (1%) were positive for Babesia spp. 

(CI:: 0.2 – 1.4), 8 (0.2%) were positive for Bartonella spp. (CI: 0.07 – 0.4) and 135 (4%)  were 

positive for other Borrelia spp. which are not B. burgdoferi (CI: 3.3 – 4.5). Out of the 1017 

tick-borne zoonosis positive specimens 906 (89.1%) tested positive for a single tick-borne 

zoonosis pathogen and 99 (9.73 %) samples were positive for  two tick-borne zoonosis 

pathogens, 11 (1.1%) samples were positive for three tick-borne zoonosis pathogens and 1 

sample was positive for four tick-borne zoonosis pathogens. Majority of the co-infections 
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were combination of Borrelia spp. with Rickettsia spp. and Coxiella burnetii with Rickettsia 

spp. There was a higher prevalence of tick-borne zoonosis pathogen infection in the age 

categories 6 to 15 years (17.5%) and ≥ 16 years (19.4%) compared to 14.3% in the ≤ 5 years 

category (p-values = 0.02 and < 0.0001, respectively). Patients from a cosmopolitan urban 

region of Eastleigh, Nairobi County had higher prevalence of tick-borne zoonosis pathogens 

infections of 39% compared to Coastal region with 17%, Kisii highlands with12%, Lake 

Victoria region with 16%, and arid and semi – arid region with 17%. Patients who reported 

having contact with sheep and had a tick bite had higher odds of tick-borne zoonosis pathogen 

infection. In ticks collected from domestic animals, a total of 645 unique operational 

taxonomic units (OTUs) (bacteria genera) were detected and grouped into 27 bacteria phyla. 

Sequence reads in the phyla were skewed with four phyla contributing 96.2% of the 

sequences. Proteobacteria contributed the majority 61.2 % of the sequences that tarried to 

33.8% OTUs, 15.9% for Firmicutes (23.4% OTUs), and 15.6% for Actinobacteria (20% 

OTUs), 4.7% for Bacteroidetes (11.6% OTUs). The remaining 22 phyla included 0.7% for 

Fusobacteria, 0.5% for TM7 (Saccharibacteria) 0.3% for Verrucomicrobia 0.2% for 

Acidobacteria, 0.2% for Deinococcus-Thermus, 0.2% for Planctomycetes, 0.1% for 

Chloroflexi, OD1 (Parcubacteria), Tenericutes and Gemmatimonadetes, 0.04% for 

Armatimonadetes, 0.03% for Spirochaetes, 0.02% for Aquificae, 0.01% for SR1 

(Absconditabacteria), Lentisphaerae and BRC1, 0.004% for Chlamydiae and Nitrospira, 

0.002% for Chlorobi, Synergistetes, Fibrobacteres, WS3 and Elusimicrobia contributed only 

2.5 % of the sequences (11.2% OTUs). Potentially pathogenic bacterial genera identified 

include Coxiella 41.8%, Corynebacterium 13.6%, Acinetobacter 4.3%, Staphylococcus 3.9%, 

Bacillus 2.7%, Porphyromonas 1.6%, Ralstonia 1.5%, Streptococcus 1.3%, Moraxella 1.3%, 
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Cloacibacterium 1.3%, Neisseria 1.2%, Escherichia_Shigella 1.2% and Proteus, Aerococcus, 

Alloiococcus, Stenotrophomonas 1% each. Coxiella genus was the most abundant constituting 

41.8% (15,445,204 out of 36,973,934 total sequences). Other less abundant (<0.1%) but 

potentially pathogenic genera included Burkhoderia (0.4%), Klebsiella (0.3%), Escherichia-

Shegella (0.3%), Achromobacter (0.2%), Rickettsia (0.1%), Haemophilus (0.1%), Legionella 

(0.1%), Campylobacter (0.04%), Treponema (0.03%), Francisella (0.02), Anaplasma (0.01), 

Elizabethkingia (0.006%), Mycoplasma (0.006%), Ehrlichia (0.005%), Bordetella (0.004%), 

Vibrio (0.002%), Borrelia (0.0008%) and Brucella (0.0002%). By Shannon diversity index, 

A. variegatum carried less diverse bacteria (mean Shannon diversity index of 2.69 ± 0.92) 

compared to 3.79 ± 1.10 for Amblyomma gemma, 3.71 ± 1.32 for A. hebraeum, 4.15 ± 1.08 

other Amblyomma spp, 3.79 ± 1.37 for Hyalomma truncatum, 3.67 ± 1.38 for other Hyalomma 

spp, 3.86 ± 1.27 for Rhipicephalus annulatus, 3.56 ± 1.21 for Rh. appendiculatus, 3.65 ± 1.30 

for Rh. Pulchellus, but the difference was not statistically significant (p=0.443). 

 Conclusion: 

Eight tick-borne pathogens were detected in undifferentiated acute febrile illness patients from 

different geographical regions in Kenya using the two 4-plex real time PCR assays optimized 

in this study. This study has shown up to 16.4 % prevalence of tick-borne zoonosis pathogens 

in acute febrile illness patients in Kenya. Prevalence of tick - borne zoonosis infection was 

significantly higher in patients of 6 years and above compare to patients of less than 5 years. 

Patients living in an overcrowded cosmopolitan urban region and reporting a tick bite were at 

higher risk of tick-borne zoonotic infections. Patients with tick-borne zoonosis infections 

reported non-descriptive signs and symptoms which can lead to difficulties in definitive 

diagnosis of tick-borne zoonosis. Adult ticks collected from livestock animals including cattle, 
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sheep and goats in the Kenya harbored an array of bacterial community including pathogenic 

bacteria genera which suggests potential risk of transmission of tick - borne zoonosis 

infections in the country. Pathogens harbored and transmitted by ticks (Tick-borne pathogens) 

should be added to the list of etiologies considered for differential diagnosis of acute febrile 

illness patients and laboratory capability for their diagnosis should be enhanced for early 

detection and appropriate treatment in Kenya. Tick control effort in Kenya should embrace 

one health approach to include human, animals and environment factors. 
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1 CHAPTER ONE: Introduction and literature review 

1.1 Introduction 

Many arthropods including ticks have been reported to transmit diseases that affect humans, 

companion animals, wildlife and livestock with the potential to cause morbidity and morbidity. 

Tick-borne pathogens that can either be viruses, bacteria or protozoa are common agents of acute 

febrile illness (AFI) worldwide and have been associated with multiple epidemics of human 

disease in the recent decades (Anderson et al., 1986; Cutler, 2010; Mackenzie et al., 2004; Ramos 

et al., 2010). Tick-borne zoonoses such as Lyme borreliosis and tick-borne rickettsioses can 

emerge in areas they were never reported when factors favoring their maintenance and 

transmission like presence of their arthropod vector(s), and their mammalian reservoir(s) occur 

(Fritz, 2009; Madison-antenucci et al., 2020). Diseases referred to as emerging or re-emerging are 

commonly of zoonotic in origin and have continually caused significant health problem to the 

society globally. Emergence of new and re-emergence of disease causing pathogens that had been 

controlled or eliminated globally can be attributed to human demographics and behavior, 

economical advancement, anthropogenic changes including land use and agriculture as well as 

microbes adapting to new hosts, vectors and among others (Greger, 2007; Lindahl and Grace, 

2015; Stone et al., 2017). Rapid growth of human population has led to the need for more food 

production space as well as need to keep more animals for food production therein increasing the 

risk of emerging and re-emerging of zoonotic disease causing microbes. Increased emerging and 

re-emerging infectious diseases in the world have negatively affected human and animal lives due 

to a larger burden of infectious diseases. Mosquitos and biting flies are known to be major vectors 

of both known and novel pathogens but tick-transmitted disease have also significantly increased 

globally (Lindahl and Grace, 2015; Stone et al., 2017). Globalization, climate change and 
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international travel are other factors that have increased the mobility of these microbial agents and 

thus the risk of infections such as Lyme, borreliosis, tick borne relapsing fever, babesiosis, 

ehrlichiosis and Query fever (Q fever) (Coulter et al., 2005; Cutler, 2010; Jensenius et al., 2009). 

These factors have increased vulnerability to infections with vector-borne pathogens and 

specifically tick –borne pathogens to people living in any part of the globe (Cutler, 2010; Inci et 

al., 2016).  

In Kenya acute febrile illness (AFI) is a common presentation in health care facilities with malaria 

being reported as the major cause (Whitty et al., 2008). However, with a reduction in malaria cases 

in the country as a result of control measures put in place it is apparent that other pathogens may 

also be important causes of acute febrile illness (Nyaoke et al., 2019; Okiro et al., 2007; Shillcutt 

et al., 2008). Previous zoonoses surveillance work in domestic animals showed a wide distribution 

of ticks known to be vectors of zoonoses with a 23.3% prevalence of rickettsiae infections, 

suggesting their possible role in transmission of tick-borne pathogens in the country (Mutai et al., 

2013). Also sero-prevalence studies carried out in acute febrile illness patients in Kenya have 

shown possible exposure to tick-borne and other vector-borne pathogens in Kenya (Nyataya et al., 

2020; Thiga et al., 2015).  Bacterial agents of rickettsioses, Q fever, and Lyme disease have also 

been reported in different parts of Kenya, suggesting that the country’s population is vulnerable to 

tick-borne epidemics (Jowi and Gathua, 2005; Richards et al., 2010a). Although these pathogens 

have been reported in the country there has been no systematic study to determine their prevalence 

and distribution in different regions using molecular methods that confirms presence of pathogen 

specific DNA in patient samples. There is also no reported of complete array of pathogen that can 

be harbored by ticks. 
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Lack of multi-pathogen detection method has posed as a challenge to pathogen surveillance effort 

especially in tropical region (Prasad et al., 2015). Multiplexed Taqman real time PCR assays can 

enable detection of multiple pathogens in a sample (Prasad et al., 2015; Pripuzova et al., 2012). 

Use of next generation sequencing allows unbiased detection of pathogens in a sample in a highly 

parallel sequencing approach (Motro and Moran-Gilad, 2017a). Targeted NGS metagenomics has 

been used to profile microbial communities in samples using gene markers and microbe databases. 

Detection of bacterial microbes involves amplification of 16s rRNA gene which has conserved and 

variable regions, sample bar-coding by PCR, parallel deep sequencing and bioinformatics 

sequence analysis (Couper and Swei, 2018a). This approach has been used for bacterial pathogen 

and symbionts detection in ticks (Bouquet et al., 2017). 

The present study aimed to optimize two multiplex assays and use them to investigating the 

distribution of tick-borne pathogen infections in acute febrile illness patients from different regions 

in Kenya. This study also aimed to determine whether ticks infesting domestic animals in Kenya 

pose any risk of transmitting tick-borne zoonosis pathogens using 16s rRNA metagenomics 

unbiased next generation sequencing. Additionally this study aimed to establish factors that are 

associated with risk of tick - borne zoonosis infections as well as signs and symptoms associated 

with these infections in Kenya.  

1.2 Literature review 

1.2.1 Acute febrile illness 

Acute febrile illness (AFI) is an illness that present with sudden onset internal body temperature 

above 38° C (Kashinkunti and Gundikeri 2013). Infectious diseases are common causes of acute 

febrile illness in the tropics although there are non-infectious cause of febrile illness such as 

malignancy, collagen vascular diseases, allergies among others (Chow and Robinson, 2011; 
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Cunha, 2007; Leelarasamee et al., 2004). In the tropical region there are limited laboratory 

diagnostic resources and presence of wide array of etiologies that cause acute febrile illness which 

hinder definitive diagnosis, timely admission of appropriate treatment as well as  public health 

responses to endemic, epidemic, and novel diseases (Akpede and Akenzua, 2001). This is further 

confounded by the fact that most of the patients with acute febrile illness present with non-

descriptive symptoms at the beginning of the illness such as fever, general malaise, headache, and 

myalgia (Kasper et al., 2012). Due to lack of pathogen specific diagnostic tools healthcare 

providers are usually unable to determine specific etiologies causing febrile illness and therefore 

diagnose patients presumptively based on clinical features and assumptions regarding locally 

circulating pathogens (Kasper et al., 2012). The etiologies of acute febrile illness vary by 

geographical location and presence or absence of vectors and reservoirs requiring diagnosis, 

treatment and control programs to be based on laboratory identification of specific etiologies in 

different locations (Kasper et al., 2012). In places where malaria was the main cause of fever 

improvement of malaria diagnosis and other control efforts have shown that most fevers are non-

malaria (Bhatt et al., 2015; Maze et al., 2018). Making definitive diagnosis that can lead to 

appropriate treatment in acute febrile illness patients remains a challenge in many health care 

facilities in the tropics and sub-tropical regions (WHO, 2011). This challenge is due to the non-

specific presentation of a broad variety of conditions causing acute febrile illness and unavailability 

of diagnostic tests (Maze et al., 2018). It is therefore important to determine prevalence and 

distribution of specific causes of fever in a country for better management of febrile patients. 
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1.2.2 Tick vector and tick- borne diseases of humans 

 Ticks are obligate hematophagous arthropods that parasitize every class of terrestrial vertebrates 

including mammals, reptiles and birds in almost every region of the world (Cupp, 1991; Heyman 

et al., 2010; Horak, 2014; Mediannikov et al., 2010b). There are over 900 species and sub species 

of ticks recorded globally belonging to 2 main tick families. Ixodidae family also referred to as 

hard ticks because of their sclerotized dorsal plate. Ticks belonging to this family are the most 

important in numerical terms and medical relevance (Filipe Dantas-Torres, 2020; Sonenshine, 

1992) The Argasidae tick family also referred to as soft ticks because of their flexible cuticle is the 

second largest family (Filipe Dantas-Torres, 2020; Sonenshine, 1992). Nuttalliellidae is the third 

family of ticks represented with a single species and present only in South Africa (Horak, et al., 

2002). Ixodids ticks have a number of attributes that enhance their vector potential compared to 

other tick families. They feed for relatively long periods of up to several days during which they 

remain firmly attached to their host (Estrada-Peña and Jongejan, 1999; Parola and Raoult, 2001a). 

Ixodids tick bites usually does not cause pain leading them to be go unnoticed for long period of 

time on their host.  Each stage of the tick feeds only once but may feed on different vertebrate 

hosts found in the same location. Unlike the Ixodids ticks, Argasids feed for a short period of time 

on their host and they feed on a single species hosts (Sonenshine, 1992). These characteristics of 

ticks increase the chances of the tick to become infected at any stage of its lifecycle. The infection 

acquired can persists through each developmental stage through transovarial transmission 

(Socolovschi et al., 2009). Vertical transmission of pathogens between generations of ticks has 

been observed (transovarial transmission).Transovarial transmission is a widespread and efficient 

process through which pathogens can be passed between generations of arthropod vectors. 

Pathogens can utilize transovarial transmission as a means of persisting within the host when 
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classical horizontal transmission is not possible due to ecological constraints (Moore et al., 2018; 

Schwan and Raffel, 2021; Socolovschi et al., 2009b). Transstadial transmission of pathogens gives 

the ticks the opportunity to transmit the pathogens to a mammalian host during feeding. This is 

also true when a tick requires multiple days for blood feeding and increasing the opportunity for 

transfer of pathogens from tick to host within infected saliva. When different ticks feed on 

mammalian host found in the same location pathogens can also be transferred between 

ticks.(Karbowiak et al., 2016; Socolovschi et al., 2009).  

After mosquitoes, ticks are the second in importance as vectors and/or reservoirs of human and 

animal infectious diseases in the world (Brites-Neto et al., 2015). The lifecycle of ticks generally 

involve the egg, larva, nymph and adult stages. To complete each stage in its life cycle the tick 

need to take a blood meal after hatching from the egg (Cupp, 1991). Some tick species feed on the 

same host during the whole of their life cycle while others require multiple hosts to complete their 

life cycle (Sonenshine, 1992). During blood meals ticks may ingest pathogens and act as vectors 

or reservoirs that transmit the pathogens transstadially and transovarially across generations 

(Sonenshine, 1992). Ticks that take blood meals from different hosts may spread the pathogens 

among vertebrate hosts a characteristic that makes ticks important source of zoonoses (Sonenshine, 

1992). Each tick species has specific environmental condition requirements that determine where 

they are found and, consequently, the risk areas for tick-borne pathogens (Cortinas et al., 2002; 

Jongejan and Uilenberg, 2004). Known geographical distribution of ticks and tick-borne pathogens 

may however vary due to climatic changes, deforestation and the migration of humans and animals 

(Parola and Raoult, 2001a). People, animals and their products move around the world due to 

globalization which in turn increases the risk of tick-borne and other vector-borne diseases to 

emerge or re-emerge in regions they were not endemic (Colizza et al., 2006; Fèvre et al., 2006). 
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Other factors that may influence emergence of these pathogens include changes in land use and 

agriculture (Greger, 2007). Deforestation and human occupying and using habitants previously 

occupied by animals has been reported to contribute to emergence of zoonoses and vector-borne 

diseases (Morand and Lajaunie, 2021) .  

All human tick borne pathogens are zoonosis and form an important proportion of emerging human 

pathogens in the world (Rabozzi et al., 2012). Generally emerging infectious diseases have been 

reported to correlate with ecological factors which can be used to identify regions with risk of these 

infections (Jones et al., 2008). Tick-borne pathogens including Rickettsia spp., A. 

phagocytophilum, Babesia spp., Bartonella spp., and Borrelia spp. are considered as  emerging 

human pathogens posing public health problem to any nation (Breitschwerdt et al., 2010; 

Hildebrandt et al., 2011, 2010; Lommano et al., 2012). 

1.1.1.1  Rickettsiosis 

Rickettsiosis is a cosmopolitan disease caused by bacteria belonging to rickettsiae family and infect 

human host through a bite by an arthropod vector such as ticks, fleas, lice and mites. Rickettsiae 

comprises of gram-negative bacteria belonging to the alpha sub-division of Proteobacteria phylum 

(Azad and Beard, 1998). They are divided, based on antigenicity, guanine and cytosine content, 

culture conditions and actin polymerization into 2 groups namely; typhus group and spotted fever 

group rickettsiae (Azad and Beard, 1998). The typhus group comprises of 2 species, R. prowazekii 

and R. typhi which are the causative agents of louse-borne epidemic and flea-borne murine typhus, 

respectively. The spotted fever group is made up of over  20 Rickettsia species which are the 

causative agents of either tick-, flea-, and mite-borne rickettsioses (Fournier and Raoult, 2009).  

Human infection by rickettsiae starts at the site of arthropod vector bite and spreads throughout the 

body via the draining lymph nodes. The bacteria then infects endothelial cells that can result in 
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multi-organ pathological changes leading to potentially life-threatening disease (Azad and Beard, 

1998). Clinical symptoms develop within 1 to 2 weeks of infection which vary with the causative 

agent. Symptoms commonly reported in rickettsial infections include fever, headache, malaise and 

sometimes nausea and vomiting (Biggs et al., 2016).  

Early treatment of rickettsial infections with appropriate antibiotics is critical for rapid recovery. 

However this is hampered by lack of early diagnosis because early signs are non-specific making 

clinical diagnosis difficult especially in low-resource areas that lack laboratory diagnostic capacity 

(Van Eekeren et al., 2018). Serological tests are commonly used for diagnosis applying indirect 

immunofluorescence assay (IFA), enzyme- linked immunosorbent assays (ELISA) and Western 

blot (Richards et al , 1993). Nucleic acid-based antigen detection has been used to successfully 

identify rickettsia in various specimens ((Isyagi et al., 2007; Tzianabos et al., 1989; Webb et al;  

1990).  

Advanced molecular techniques have led to characterization of new Rickettsia species which are 

agents of human disease in different parts of the world where rickettsioses had not been previously 

reported. They include R. japonica, R. honei, R. africae, R. felis, R. sibirica mongolotimonae 

strain, R. parkeri, R. heilongjiangensis and R. aeschlimannii (Walker, 2007).  

 In Kenya, reported rickettsial diseases are Kenya tick typhus and African tick bite fever caused 

by R. conorri and R. africae, respectively (Macaluso et al., 2003; Rutherford et al., 2004). Flea-

borne murine typhus has been reported in the country especially in urban areas where the house 

rat (Rattus rattus) is commonly found (Heisch et al., 1962; Heisch et al., 1957). Most recently, R. 

felis which causes flea-borne spotted fever has been reported in 3.7% patients with febrile illness 

from north eastern part of Kenya (Richards et al., 2010b). High sero-prevalence of spotted fever 

and scrub typhus was also reported in acute febrile illness patients from different parts of Kenya 
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(Thiga et al., 2015). These findings indicate Rickettsial infections maybe a cause of 

undifferentiated acute febrile illness in Kenya. Therefore, current Rickettsial distribution in Kenya 

is important for disease management and control strategies. This information is important in 

guiding differential diagnosis of undifferentiated acute febrile illness by health care providers. 

There is therefore need to determine Rickettsial distribution among the local population and 

establish the risk factors for these infections in Kenya. 

1.1.1.2  Query fever (Q fever) 

Q-fever is zoonosis caused by Coxiella burnetii which is a Gram-negative bacteria belonging to 

phylum Proteobacteria and the family Coxiellaceae family. C. burnetii is distributed worldwide in 

domestic animals, rodents and birds. Sheep, goats and cattle are its main domestic animals host 

(Steinmann et al., 2005).  The bacteria are found in high concentrations in animal milk and fetal 

fluids during birth or abortions. Humans get infected via inhalation of contaminated dust and, to a 

lesser extent, ingestion of contaminated dairy products. Ticks are the main vectors between wild 

animals and livestock (Mediannikov et al., 2010b). C. burnetii can withstand harsh conditions and 

can be easily aerosolized making it a good biological weapon agent (Cyprian, 2012). C. burnetii is 

classified as a bioterrorist agent by World health organization (WHO) and Center for Disease 

Control (CDC) (Seitz, 2014). 

Human infection with C. burnetii that cause Q fever disease can be asymptomatic or show 

unspecific clinical symptoms. Q fever has an incubation period of about 2–3 weeks and symptoms 

include atypical pneumonia, high fever, hepatitis- and flu-like symptoms, such as headache, 

epigastric pain and arthralgia (Mediannikov et al., 2010b). In some patients the disease progresses 

to a chronic stage characterized by severe endocarditis (Kampschreur et al., 2012). Q fever is 

diagnosed mainly by serology although antibodies are only detected 2 – 3 weeks after infection. 
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C. burnetii can also be detected directly by cell culture although it has low sensitivity and requires 

bio-safety enhanced laboratories (Musso and Raoult, 1995). Polymerase chain reaction (PCR) has 

also been used for direct detection of C. burnetii DNA in clinical specimen (Fenollar and Raoult, 

2007).  

High sero-prevalence of antibodies to C. burnetii in humans has been reported in countries 

neighboring Kenya. For example, sero-prevalence of 5% and 37% has been reported in Tanzania 

and Zimbabwe respectively (Prabhu et al., 2011). Despite these reports there is little information 

about the occurrence and burden of C. burnetii causative agent of Q fever among the Kenyan 

population. Determining distribution of C. burnetii in Kenya and the risk of infections among AFI 

patients will guide differential diagnosis of undifferentiated AFI, infection management and 

controls strategies. 
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1.1.1.3  Borreliosis 

Borreliosis is a zoonotic disease caused by gram-negative spirochaetal bacteria of the genus 

Borrelia primarily transmitted by ticks to humans (Sparagano et al., 2015). There are 36 known 

Borrelia species 12 of which cause Lyme disease. Lyme borreliosis is an emerging zoonosis that 

occur widely in all the continents (Stone et al., 2017). The primary agents of Lyme borreliosis are 

B. burgdorferii, B. afzelii, B. garinii and B. valaisiana. Other tick-borne Borrelia species are B. 

duttoni, B. parkeri, B. hermsii B. crocidurae and B. miyamoto the causative agents of tick-borne 

relapsing fever.  These pathogens are injected through the skin by the bite of Ixodes ticks, and then 

spread throughout the body via the blood stream causing a variety of symptoms which in the early 

stage include fever, headache, fatigue, depression and skin rash (Klindworth et al., 2013a; 

Rupprecht et al., 2008; Wilson and Smith, 2014). If left untreated the disease may involve the 

joints, heart and central nervous system (Feng et al., 2015).  

Diagnosis of Borrelia disease can be done by serological tests such as Western blot or ELISA. 

Molecular techniques such as PCR can also be used to detect the spirochete deoxyribonucleic acid 

(DNA) (Coulter et al., 2005). 

Little is known about Lyme disease and other tick borne borreliosis in sub-Saharan Africa. B. 

burgdorferii sensu lato have been identified in Morocco, Algeria, Egypt and Tunisia (Bouattour et 

al., 2004; Dsouli et al., 2006; Helmy, 2000). Tick borne Borrelia spp. has been reported in 

countries neighboring Kenya such as Tanzania and Ethiopia (Kisinza et al., 2003; Mitani et al., 

2004; Socolovschi et al., 2012). Two cases of Lyme disease have also been reported in Kenya 

(Jowi and Gathua, 2005). These cases of Borrelia spp. infections in East African indicate possible 

transmission in Kenya making it important to determine the prevalence and distribution patterns 
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of Borrelia infections in the Kenya. This information is important for disease control and infection 

management among AFI patients in the Kenya.   

1.1.1.4  Ehrlichiosis 

 Ehrlichiosis is a tick-borne disease caused by bacteria of the genus Ehrlichia which are obligate 

intracellular Gram negative cocci that particularly infect the leukocytes. Ehrlichiosis also known 

as human monocytic ehrlichiosis (HME) is caused by E. canis, E. ewingii and E. chaffensis is 

currently recognized as emerging tick-borne disease in humans (Dumler et al., 2007, Fishbein et 

al., 1994; Ismail et al., 2010; Walker DH, 1996). Human ehrlichiosis present commonly as 

undifferentiated illness with fever, headache, myalgia, anorexia and digestive, respiratory and 

neurological disturbances (Fishbein et al., 1994). The disease may be severe and even fatal 

particularly in patients with underlying immunosuppression (Dumler et al., 2007).  

Diagnosis of ehrlichiosis is done either by microscopic observation of the organisms in leukocytes, 

serology to detect antibodies, cell culture isolation or by molecular methods (Comer et al., 1999; 

Goodman et al., 1996).  

Reports of human ehrlichiosis are mainly from USA and Europe, with Amblyomma americium 

reported as the main vector. Ehrlichia spp. was reported in Rhipicephalus ticks from Cameroon 

suggesting Rhipicephalus ticks maybe vector of Ehrlichia spp. in Africa (Ndip et al., 2010, 2009). 

Little information is available on human ehrlichiosis in African countries although E. canis, E. 

ewingii, and E. chaffeensis have been reported in dogs and jackals in the region (Ndip et al., 2007; 

Pretorius and Kelly, 1998). A case of human infection with E. chaffeensis in Mali was serologically 

confirmed whereas in Kenya E. canis has been reported in puppies (Price and Karstad, 1980; Uhaa 

et al., 1992). In addition, there is high prevalent of E. ruminantum in domestic and wild animals in 

Kenya (Wesonga et al., 2006). This organism has been reported as an emerging pathogen causing 
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life-threatening disease in humans in Africa (Ndip et al., 2010).  Understanding the distribution of 

Ehrlichia spp. in Kenyan will enhance knowledge needed for effective control and containment 

efforts in case of human disease epidemic in the country.  

1.2.2.1 Anaplasmosis 

Human anaplasmosis, also known as human granulocytic anaplasmosis (HGA), is an emerging 

tick-borne disease caused by a Gram-negative obligate intracellular bacterium, Anaplasma 

phagocytophilum, which is transmitted to humans by various Ixodes ticks (Dumler et al, 2005). 

HGA is characterized by symptoms such as malaise, fever, myalgia, headache, nausea, vomiting, 

diarrhea, cough and pulmonary infiltrates. Other signs include skin rash, leucopenia, 

thrombocytopenia, and damage to the liver (Dumler et al, 2005). Because of non-specific signs, 

laboratory confirmation for diagnosis is always required. Serological test, PCR and culturing of 

the organism from blood or cerebrospinal fluid are used for diagnosis (Dumler et al., 2005).  

In Kenya there is limited information on human anaplasmosis although there have been reports of 

high sero-prevalence in domestic and wild animals (Ngeranwa et al., 2008). Wide distribution of 

the tick vector and frequent interactions between human and animals suggest the risk of 

transmission of anaplasmosis from animals to humans. There is therefore need to evaluate the 

distribution of human A. phagocytophilum in the Kenyan population as a possible etiological agent 

of undifferentiated AFI and also determine areas with risk of infection and the related risk factors. 

Understanding the distribution of A. phagocytophilum in Kenyan will enhance our knowledge 

needed for effective control and containment efforts in case of emergence of human anaplasmosis 

in the country. 

1.1.1.5  Bartonellosis 
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Bartonellosis is an infectious disease caused by bacteria of the genus Bartonella which includes 

19 distinct species of which at least 6, namely; B. henselae, B. bacilliformis, B. quintana, B. 

elizabethae, B. vinsonii and B. koehlerae are responsible for human disease (Florin et al., 2008).  

The bacteria are transmitted to human by blood suckling arthropods such as ticks, fleas, lice, and 

sand flies with mammals as reservoirs (Angelakis et al., 2010; Billeter et al., 2011). Following an 

infection, the bacteria colonize endothelial cells and after every five days they are released into the 

blood stream where they infect erythrocytes and multiply (Maurin et al., 1997). Early symptoms 

of Bartonella infection are fever, fatigue, headache and poor appetite. Patients infected with 

Bartonella also show unusual streaked rash and lymphadenitis especially around the neck, head 

and arms. Infections with Bartonella spp. are responsible for a broad range of clinical syndromes, 

such as Carrion’s disease, Trench fever, and cat scratch disease (Maurin et al., 1997). Human cases 

have been diagnosed based on PCR of tissue biopsy and serology using specific antigens (Henri-

Jean et al., 2005).  

In the recent years data on Bartonella spp. has increased rapidly after this group of organisms were 

found to cause a spectrum of emerging and re-emerging diseases ranging from self-limiting, short 

term fever to potentially fatal systemic disease (Anderson and Neuman, 1997). A case of B. 

quintana reported in a patient from Ethiopia and high prevalence of Bartonella spp. reported in 

bats sampled from different locations in Kenya suggests Bartonella spp. are endemic in East Africa 

(Kosoy et al., 2010; Tasher et al., 2017). There is therefore a need to investigate whether the agents 

might be responsible for human illness in Kenya. Understanding of the distribution and risk of 

Bartonella spp. in Kenyan population will enhance our knowledge which is important for effective 

control and containment efforts in case of human disease emergence in the country. 
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1.1.1.6  Babesiosis 

Babesia parasites are transmitted by a bite of Ixodidae ticks and are the causative agent of human 

babesiosis. Babesia parasites are zoonotic as they can be transmitted between animals and humans. 

The animal hosts include rodents, cattle and deer (Young et al., 2019). Babesiosis is a malaria-like 

parasitic disease caused by intra-erythrocytic protozoa of genus Babesia. It is a zoonotic disease 

maintained by the interaction of tick vectors, transport hosts, and animal reservoirs (Vannier and 

Gewurz, 2008). The Ixodidae ticks ingest Babesia parasites when taking a blood meal from the 

vertebrate host and are transferred to a next vertebrate host through a tick bite. Multiplication of 

the blood stage parasites takes place in red blood cells which leads to hemolytic anemia, 

thrombocytopenia, and atypical lymphocyte formation (Kjemtrup and Conrad, 2000). Alterations 

in red blood cells membranes cause decreased conformability and increased red cell adherence, 

which can lead to development of non-cardiac pulmonary edema and acute respiratory distress 

syndrome in heavy infections (Homer et al., 2000). The signs and symptoms mimic those of 

malaria and range in severity from asymptomatic to septic shock. These include fever, chills, 

sweating, myalgia, fatigue, hepatosplenomegaly and hemolytic anemia. Symptoms typically occur 

after an incubation period of 1 to 4 weeks, and can last several weeks.  The disease is more severe 

in patients who are immunosuppressed, splenectomized, and/or the elderly. Babesiosis is usually 

suspected in a patient with fever, hemolytic anemia, and history of exposure to vector tick bites 

(Homer et al., 2000). Diagnosis of Babesia infections is made through identification of the 

parasites on thin blood smears with Geisma or Wright staining. Serological testing and PCR testing 

can also be used for diagnosis (Homer et al., 2000).  

Infections with Babesia parasites in natural hosts like cattle causes bovine babesiosis result in 

significant economic losses while in humans these infections can cause severe disease. In humans 
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the cases are increasing where transmission is primarily due to a tick bite but also infections 

resulting from blood transfusion with infected blood and mother to child during pregnancy have 

been reported (Schnittger et al., 2012; Zintl et al., 2003).  Four Babesia species have been 

confirmed to infect humans include B. microti, B. divergens, B. duncani, and B. venatorum (Louise 

and Lobo, 2015). Babesiosis caused by the rodent parasite B. microti, which has emerged as an 

important human pathogen in recent years has been reported in non-human primates living in close 

proximity to humans in Kenya (Maamun et al., 2011; Westblade et al., 2017). Together with the 

bovine parasite B. divergens the two are now recognized as important zoonotic agents of human 

babesiosis (Tabara et al., 2007; Zhou et al., 2014; Zintl et al., 2003). However, no epidemiologic 

studies have been carried out to evaluate human babesiosis in Africa despite the importance and 

risk for human infections. These studies are necessary because understanding of distribution and 

risk factors of Babesia spp. infections in Kenya is imperative for effective infection control and 

management. 

1.2.3 Detection methods for tick borne pathogens 

Containment of diseases in the population and environment largely depends on early detection and 

reporting which is enabled by timely diagnosis (Halliday et al., 2007; Hitchcock et al., 2007). 

Detection of tick – borne pathogens in  potential vectors and reservoirs has been used in studies to 

assess and determine prevalence of these disease causing pathogens in nature and the risk of 

infections in the human population as well as to detect emerging and re-emerging pathogens 

(Courtney et al., 2004). Numerous methods including antibody and antigen detection assays such 

as IFA, ELISA and Western blot, culture isolation and PCR based assays for the detection of tick 

borne pathogens have been described (Parola and Raoult, 2001a, 2001b).  
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Conventional PCR assays for tick – borne pathogen detection have been shown to be pathogen 

specific with higher sensitivity compared to culture detection methods. Conventional PCR can be 

time-consuming and labor-intensive especially when there is need  to test multiple pathogens for 

differential diagnosis (Courtney et al., 2004). A real-time Taqman based PCR assay that uses 

fluorogenic 5’ nuclease methods can overcome the challenges of serological and conventional PCR 

assays. Lack of multi-pathogen detection methods is a challenge to pathogen surveillance effort 

especially in tropical region where there is a wide array of infectious agents (Prasad et al., 2015). 

There is, therefore, need for a faster and easier multiplexed method for screening patients and other 

samples from vectors and reservoirs for pathogens that cause infections displaying non-specific 

symptoms. Laboratories need to test increasing number of pathogens from patients’ samples 

especially when handling increased number of samples during outbreaks and epidemics. 

Combining multiple individual pathogen assays into a single diagnostic assay that is capable of 

detecting and differentiating multiple pathogens can provide a timely, cost effective means of 

pathogen identification in samples. In addition, such an assay if used for routine diagnosis would 

significantly increase the number of tests performed on each sample without increasing the cost of 

overall tests and the time to results. Multiplexing capabilities of Taqman based real time PCR 

(qPCR) enables high-throughput method for the detection of more than one pathogen 

simultaneously in a single tube assay. (Pripuzova et al., 2012). Real time PCR technology bases 

on Taqman® probe–based assays allows multiplexing of multiple targets. Each target is labelled 

with a unique fluorescent dye emitting different color at varying wavelength that can be observed 

simultaneously. Real time PCR instruments are equipped with different wavelength filters and can 

discriminate between the different dyes. The amount of signal from each dye is used to separately 

determine the amount of each target detected in a assay (Henegariu  et al., 1997).  
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Most of the molecular and microbiology techniques used in detection of microbes in humans, 

animals and vectors are limited by targeting only known pathogens. Advent of next generation 

sequencing (NGS) allows unbiased open-ended detection of pathogens in a sample in a highly 

parallel sequencing approach (Motro and Moran-Gilad, 2017a). NGS emerged during the past 

decade which involves high-throughput massively parallel sequencing of clonally amplified DNA 

molecules on a flow cell or a chip. A single NGS run can generate hundreds of millions to gigabases 

of nucleotide sequence data depending upon platform configuration, chemistry, and flow cell or 

chip capacity (Behjati and Tarpey, 2013). NGS therefore enables simultaneous sequencing of all 

the genomic material in a sample whether clinical, vector, animal or environmental allowing 

comprehensive study of microbial population. This method of microbial detection is referred to as 

metagenomics next generation sequencing (mNGS) (Duan et al., 2020). Targeted NGS 

metagenomics has been used to profile microbial communities in samples using gene markers and 

microbe databases. Detection of bacterial microbes involves amplification of 16s rRNA gene 

which has conserved and variable regions, sample bar-coding by PCR, parallel deep sequencing 

and bioinformatics sequence analysis (Couper and Swei, 2018a). This approach has been used for 

bacterial pathogen and symbionts detection in ticks (Bouquet et al., 2017). NGS can therefore be 

used for unbiased identification of bacterial community in tick vectors. This information will 

enhance understanding of the risk of tick-borne zoonosis pathogens transmission by ticks to 

humans. 

1.3 Study Justification 

Although commonly caused by malaria parasites, not all acute febrile illness cases are caused by 

these parasites. There is need to determine what other pathogens are responsible for acute febrile 

illness (Leslie et al., 2012).  Cases of tick-borne pathogens such as Q fever and spotted fever 
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rickettsial being reported in travelers returning from Kenya coupled with a wide distribution of 

ticks known to be vectors and reservoirs of various pathogens is an indication of possible risk of 

infections in Kenya. The emergence of tick-borne diseases is attributed to human activities like 

living in close proximity to animals, deforestation and outdoor activities which are common among 

Kenya population (Chaput et al., 2002). Identification of factors associated with these infections 

and their geographical distribution in different parts of Kenya is essential for effective infection 

control. However, the distribution and risks factors of tick borne infections are not well understood 

in Kenya. When specific etiologies of acute febrile illness are not known, accurate diagnosis, 

effective treatment and implementation of targeted public health disease control measures is 

difficult. This situation can lead to morbidity and mortality among acute febrile illness patients due 

to delayed or inappropriate treatment. Determining current prevalence, distribution and risk factors 

of tick borne pathogens among the indigenous population may inform decisions on differential 

diagnosis of acute febrile illness and efforts in developing point of care diagnostics platforms as 

well as planning for disease control measures. 

1.4  Null Hypothesis 

1. Tick-borne pathogens are not etiological agents of undifferentiated acute febrile illness  in 

Kenya 

2. Tick-borne pathogens are not distributed in different ecological zones in Kenya and there 

is no risk of human infections. 

1.5  Problem statement 

It is known that most of the emerging tick-borne zoonoses are accidentally transmitted to humans 

by tick vectors and humans are mostly dead-end host for these pathogens (Cristina Socolovschi et 

al., 2009). In Kenya there is high prevalence of diseases of veterinary importance that are 
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transmitted to animals through tick bites. These reports are common in areas where human live 

close to their domestic animals and wildlife which increases the risk of human infections with tick-

borne pathogens. Information on the risks and burden of tick-borne zoonosis in human is unknown 

in Kenya, although cases have been reported. Tick-borne pathogens are common causes of acute 

febrile illness globally which is a common presentation in Kenyan health facilities. Acute febrile 

illness is commonly present with fever (defined as temperature >38˚C (Elshout et al., 2011) without 

localizing features and is among the most common reasons for persons to seek health care in low 

and middle-income countries (Nyaoke et al., 2019). Data from community-based infection 

prevalence in childhood above 34–37% show that 50% or more of fevers are likely to be associated 

with malaria infection (Okiro et al., 2007). For patients who present with fever without localizing 

features, clinical diagnosis is difficult and malaria may be the default diagnosis (Nyaoke et al., 

2019). Limited laboratory diagnostic resources and the great diversity of acute febrile illness 

etiologies in tropical regions hinder determination of specific etiologies of acute febrile illness 

leaving most of the etiological agents of acute febrile illness undetected. Health care providers 

without proper diagnostic tools are usually unable to determine specific etiologies and 

undifferentiated acute febrile illness patients are often diagnosed presumptively based on clinical 

features and assumptions regarding circulating pathogens (Kasper et al., 2012). However this can 

be challenging when knowledge of full spectrum of circulating pathogens is unknown.  Information 

on risk factors, prevalence, distribution and signs and symptoms of these infections among the 

Kenyan population is scarce making infection diagnosis, treatment and control difficult. 
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1.6 Objectives 

1.6.1 General objective 

To optimize and validate multiplex based assays for Rickettsia, Borrelia, Coxiella, Ehrlichia, 

Babesia, Anaplasma and Bartonella and use this assays to determine the distribution of human 

tick-borne pathogens as etiological agents of acute febrile illness of unknown origin, their 

associated signs and symptoms and their risk factors in Kenya. Determine potentially pathogenic 

bacteria harbored by ticks infesting domestic animals in Kenya   

1.6.2 Specific objectives 

1. To develop and validate multiplex based assays for Rickettsia, Borrelia, Coxiella, 

Ehrlichia, Babesia, Anaplasma and Bartonella  

2. To determine the prevalence, distribution, signs and symptoms and risk factors of tick 

borne pathogens in patients with acute febrile illness in Kenya 

3. Determine potentially pathogenic tick-borne bacteria community in ticks collected from 

domestic animals in Kenya. 
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2 CHAPTER TWO: Material and methods 

2.1 Conceptual framework of the study 

 

Figure 1: Study work strategy on sample acquisition and analysis 

2.2 Study design and site for acute febrile illness patients 

This was a laboratory-based study where archived whole blood samples were used that had been 

collected in a surveillance study between March 2008 and December 2017. The study that samples 

and patient data were collected from aimed at determining endemic etiologies of acute febrile 

illness in Kenya. Diseases targeted by this study included malaria, Leptospirosis, Brucellosis, 

Salmonella typhi, Dengue, Leishmaniasis, measles, West Nile virus, Influenza and Hepatitis E. 

Recruitment was done from healthcare facilities located in Lake Victoria region (Kisumu county 
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hospital, Kombewa sub-county hospital, Alupe sub-county hospital, Busia), Kisii Highlands (Kisii 

county hospital), Rift valley region (Marigat sub-county hospital, Baringo, Lodwar county 

hospital, Gilgil sub-county hospital, Nakuru), North Eastern Region (Iftin sub-county hospital, 

Garissa police line dispensary and Isiolo county hospital), Coastal region (Malindi sub-county 

hospital, Kilifi) and Cosmopolitan urban region (Eastleigh health center, Nairobi). These facilities 

serve both urban and rural areas except Eastleigh health center in Nairobi that mainly serve an 

urban area. The health care facilities were chosen because of their geographical diversity and 

capture areas of Kenya in which 2 major epidemiologic forms of malaria transmission exists; stable 

endemic transmission and epidemic transmission. The health care facilities also had already 

established KEMRI / USAMRD – K surveillance site with a clinical team to recruit the patients 

and process and ship the samples. The health facilities also were located in areas with a network 

of courier service to enable sample shipment from the site to the Laboratory. Figure 2 shows a map 

of Kenya showing the location of health facilities where samples used in this study originated.  
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Figure 2: Map of Kenya showing healthcare facilities from where patients were recruited. LOD 

– Lowdar county hospital, WAJ – Wajir county hospital, ALH – Alupe sub-county hospital, 

KOM – Kombewa sub-county hospital, KDH – Kisumu county hospital, GPL - Garissa Police 

line, MGT – Marigat sub-county hospital, GDH – Gilgil sub-county hospital, KSI – Kisii county 

hospital, MDH – Malindi sub-county hospital, IFT - Iftin sub-county hospital, Eastleigh health 

center, Nairobi and ISL - Isiolo county hospital 

2.3 Tick sample acquisition and study site for profilling bacteria commenity in ticks 

Archived tick genomic DNA samples used for profiling tick-borne bacterial community in ticks 

were collected from domestic animals including cattle, sheep and goats at major slaughter houses 

in Nairobi and Mombasa originating from sites shown in Figure 3. Adult ticks were collected from 

domestic animals presented for slaughter to major slaughterhouses in Nairobi (Athi River Kenya 

Meat Commission [KMC] slaughter house) and Mombasa (KMC Kibarani, Uwanja wa Ndege, 

Mariakani and Kasemeni) between November, 2007 and September, 2008. These slaughterhouses 

receive animals from nearly all counties in the country. Animal movement 

LOD 

WAJ 

GPL 

MDH 

ALH 
MGT 

KSI 

KOM 

GDH 
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permits issued by the local veterinarian from the animal’s area of origin were used to determine 

the animals’ county of origin. At least 10 adult ticks were also collected from each animal found 

to have ticks. The collected ticks were placed in 1.5-mL vials containing 70% ethanol and 

transported to the laboratory for archiving and testing. 

Ticks were identified taxonomically using the standard taxonomic key (Estrada-peña et al., 2003). 

Ticks of the same species and from the same domestic animal were pooled together and placed in 

a 1.5-mL vial containing 70% ethanol and stored at -80°C. Each vial containing classified pooled 

ticks was labeled with information of the tick species and identification of the tick’s animal host. 
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Figure 3: Counties of origin of animals presented at slaughter houses from which ticks were 

collected  

2.4 Ethical consideration 

This study used archived samples collected under an acute febrile surveillance study approved by 

scientific and ethical review committee of the Kenya Medical Research Institute, Nairobi (KEMRI 

SERU/SSC # 1282) and the Walter Reed Army Research Institute human use protection board, 

Silver Spring, Maryland USA (WRAIR HSPB # 1402) (Appendix 1). To determine the distribution 



27 

and risk factors of tick-borne zoonotic infections in Kenya the primary protocol revised in 

continual approval to include tick-borne zoonoses in the list of pathogens to be tested. The principal 

investigator of the study authorized use of the archived samples to investigate tick - borne zoonosis 

and their risk factors in Kenya (Appendix 2_Letter). Eligible patients were voluntarily enrolled 

upon signing an informed consent or assent (Appendix 3). To determine the bacterial microbial 

community in ticks, archived genomic DNA samples from ticks collected from domestic animals 

presented for slaughter were used. The tick samples had been collected under protocol SERU/SSC 

# 1248 that was reviewed and approved by the Animal Use Committee of the Kenya Medical 

Research Institute (Appendix 4).  

2.5 Undifferentiated acute febrille illness patient sample acquisition and sample size 

calculation 

At the time of this study 7000 samples were collected and data entered in a database in Microsoft 

access 2007. Samples were randomly selected using a computer random sampling application in 

Stata data analysis and statistical software version 12.0 (StataCorp LP, Texas USA). The suitable 

sample size for this study was based on studies carried out to determine tick - borne zoonosis 

infections in Cameroon that reported prevalence of 10% (Ndip et al., 2009). The formula N = Z2 

P (1-P) / d2 Where N = sample size, Z = statistic for a level of confidence of 95 %, p is the expected 

prevalence was used (Naing et al., 2006). Using expected prevalence or proportion of 10% and d 

= 0.05 sample size (N) was obtained (N = {1.962 * 0.1 (1-0.1)} / 0.052 = 138.29). At least 139 

whole blood samples required to be tested for each of the eight ticks – borne pathogens. The 

minimum number of samples tested for any of the 8 tick – borne pathogens was 3615. 
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2.6 Study population, clinical, demographic and epidemiology data 

Samples used in the present study comprised of archived 6,207 patients’ blood samples collected 

in an ongoing research study aimed at investigating the endemic pathogens that are common causes 

of Acute Febrile Illness (AFI) in Kenya. An individual was included in this study upon signing an 

informed consent or assent form to participate in all study related procedures. A guardian was 

required to give consent for their children to participate in the study. Children between 12 years 

and 18 years were required to sign an assent form to participate in the study (Appendix 3). Patients 

of both genders aged one year and above presenting with fever (≥38⁰C) of unknown origin after 

routine clinical examination were eligible for participation in the study. Patients who declined to 

consent or assent to participate in the study were excluded from participating in the study activities. 

If they were not willing to give blood for use in the study or refuse their blood to be stored for 

future use they were also excluded from the study. Individuals enrolled within the previous seven 

days were also excluded. This was because there would be high likelihood the same infection 

would be causing them febrile illness and go back to seek health care. During recruitment patient’s 

clinical, epidemiology and demographic information was obtained according to patient data sheet 

(Appendix 5). Data recorded from the patients included, age, gender, place of residence, clinical 

signs and symptoms they were showing at the time of recruitment, any contact with animals and 

the type of animal and whether they had a tick bite. This information was used to determine factors 

associated with getting a tick–borne infection. Data collected from the patient was used to 

determine risk factors and sings and symptoms for tick-borne infections. 

2.7 Undifferentiated actute febrile illness patients sample collection 

During sample collection approximately 5 mL of blood was collected from each participant by 

venipuncture and labeled with identifiers to distinguish them by site and date of collection. 
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Specimens were stored in aliquots of 200 microliter (μl) in liquid nitrogen in dry shippers and then 

shipped overnight by a courier service to KEMRI / USAMRD-A, Kisumu laboratory. On receiving 

the samples, sample quality and proper labeling assessment to accept or reject the samples was 

done. Samples were then archived at -80° C and entered in an access controlled inventory until 

processing and testing was done. Participants’ data sheets were received in the Laboratory where 

data were entered in an access controlled database on Microsoft Access 2007.  

2.8 Optimization and evaluation of two multiplex qPCR for detection of eight tick borne 

pathogens 

To optimize and validate real time polymerase chain reaction (qPCR) for detection of tick–borne 

zoonosis, artificial linearized plasmids containing a fragment of the gene sequences targeted by 

the primers and probes listed in Table 1 were commercially synthesized by Genscript (NJ, USA) 

were used. Plasmids were supplied lyophilized at 4ng per plasmid. They were reconstituted with 

20 microliter (μl) of nuclease free water as was recommended by the manufacturer. Plasmid copy 

numbers were computed based on average base pair weight (650 Daltons), length of the plasmid, 

size of the vector used to clone the plasmids and number of base pairs using an online calculator 

(Staroscik, 2004). 

Single target (single-plex) assays were optimized on Applied Biosystems 7,500 fast Real time PCR 

system which has 5 detection channels to allow simultaneous detection of 4 targets and one channel 

for normalizing fluorescence (Applied Biosystems, CA. USA). The assay was optimized in a total 

of 10 μl reaction volume that contained 5 μl of Sensifast probe Lo-rox PCR master mix comprising 

of the enzymes and salts required for PCR amplification (Bioline, USA Inc), 0.5 micro molar (µm) 

of each forward and reverse primers, 0.4 µm of the probe and 3.0 μl of plasmid (6.15x10^6 copies/ 

μl) and nuclease-free water to a final volume of 10 μl. Primers and probes were selected from 
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published assays and only those with data on specificity against related pathogens were used 

(Courtney et al., 2004; Jiang et al., 2012, 2003; Loftis et al., 2003; Radzijevskaja et al., 2008; 

Schneeberger et al., 2010). For Bartonella spp., the primers and probe used were modified to target 

a short region (200 bp) and included a probe using primer express software (Applied Biosystems, 

CA USA) from a published conventional PCR assay (Billeter et al., 2011). The specificity of all 

primers and probes was tested by homology searches in the NCBI nucleotide database (Wheeler 

et al., 2004). Probes were labeled at the 5’ end with a fluorescent reporter dye and an appropriate 

non-fluorescent quencher at the 3’ end. Reporter dyes combinations were selected to allow 

multiplexing of four targets in a 7500 ABI platform. Primers and probes used for the assays are 

listed in Table 1.  

Two 4-plex assays were optimized following the initial optimization of single-plex assays. The 

primers and probes were pooled into two 4-plex assays since the 7500 fast Real time PCR machine 

has only 5 channels. The reaction mix for assay one was optimized to detect C. burnetii, A. 

phagocytophilum, B. burgdoferi and E. chaffeensis at cycling conditions of 50⁰C hold for 2 

minutes, 95⁰C initial denaturation for 10 minutes followed by 45 cycles of 95⁰C denaturation for 

15 seconds, and 60⁰C annealing for 1 minute. Assay two was optimized to detect Rickettsia spp., 

Babesia spp., Bartonella spp. and other Borrelia spp. at cycling conditions of 50 ⁰C hold for 2 

minutes, 95⁰C denaturation for 10 minutes followed by 45 cycles of 95⁰C denaturation for 15 

seconds, and 56⁰C annealing for 1 minute. After the run, each target result was analyzed separately 

to set appropriate threshold level (Ct) which is the amplification cycle where fluorescence 

increases significantly above the background fluorescence. For both assays, qPCR was performed 

in a total of 10 μl reaction volume that contained 5 μl of 2X Sensifast probe Lo-ROX PCR master 
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mix (Bioline, NJ, USA Inc), 0.5 µm of each primer, 0.4 µm of each probe and 3.0 μl of plasmid 

and nuclease-free water was added to a final volume of 10 μl.  
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Table 1: Primers and probes used for the duo 4-plex qPCR for detection 8 Tick Borne Zoonoses 

 

  

Target Sequence of primer or probe (5'-3') 

Annealing 

temparature 

(⁰C) 

Target 

gene 
Reference 

Coxiella 

burnetii 

Forward primer AAAACGGATAAAAAGAGTCTGTGGTT  

60 

IS1111 

transposa

se 

(Schneeberg

er et al., 

2010) 
Reverse Primer - CCACACAAGCGCGATTCA T 

Probe - [FAM]AAAGCACTCATTGAGCGCCGCG[MGB]  

Borrelia 

burgdorferi 

Forward primer CGAGTCTTAAAAGGGCGATTTAGT 

60 
23S  

rRNA  

( Courtney 

et al., 2004) 
Reverse Primer -GCTTCAGCCTGGCCATAAATAG 

Probe - [NED]-AGATGTGGTAGACCCGAAGCCGAGTG[MGB] 

Anaplasma 

phagocytophi

lum 

Forward primer ATGGAAGGTAGTGTTGGTTATGGTATT 

60 MSP2 
(Courtney et 

al., 2004) 
Reverse Primer -TTGGTCTTGAAGCGCTCGTA 

Probe - [JOE]TGGTGCCAGGGTTGAGCTTGAGATTG[BHQ-1] 

Ehrlichia 

Chaffeensis 

Forward primer  - GCGGCAAGCCTAACACATG 

60 
16S 

rRNA  

(Loftis et 

al., 2003) 

Reverse Primer -CCCGTCTGCCACTAACAATTATT 

Probe - [CY-

5]AGTCGAACGGACAATTGCTTATAACCTTTTGGT [BBQ650] 

Bartonella 

spp 

Fwd primer  - TGCTTCGACATCCACTGTACGTC 

60 
Citrate 

synthase  

(Billeter et 

al., 2011) 
Rev Primer -CACCTGCTGCAATACATGCAAATG 

Probe - [CY-3]TTGCAGGTTCATCAGGTGCTAATC [BHQ-2] 

Rickettsia spp Fwd primer- ATGAATAAACAAGGKACNGGHACAC 

60 
17 KDa 

antigen 

(Jiang et al., 

2012) 
Rev Primer -AAGTAATGCRCCTACACCTACTC 

Probe - [FAM] CCGAATTGAGAACCAAGTAATGC[BHQ-1] 

Babesia spp Forward primer-  CAGCTTGACGGTAGGGTATTGG 

56 
18S 

rRNA  

(Radzijevsk

aja et al., 

2008) 

Reverse Primer AGATGTGGTAGACCCGAAGCCGAGTG 

Probe - [CY5]CGAGGCAGCAACGG[BBQ] 

Borrelia spp Forward primer GCTGAAGAGCTTGGAATGCAAC 

56 Flagellin 
(Jiang et al., 

2003) 

Reverse Primer -GCTTCATCCTGATTTGCACCAAC 

Probe - 

[JOE]CGCGATACACCAGCATCATTATCTGAATCACAATCGC

G[BHQ-1] 

In brackets are reporter and quencher fluorescent dye: FAM - 6-carboxyfluorescein, CY-5 – cyanine -5, JOE - 6-carboxy-4',5'-dichloro-

2',7'-dimethoxyfluorescein, VIC - 2′-chloro-7′phenyl-1,4-dichloro-6-carboxy-fluorescein, NED – Naphthyl EthyleneDiamine), BHQ - 

Black Hole Quencher, BBQ – Black berry quencher, MGB – Minor groove binder 
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2.8.1 Determining assay limit of detection (LOD) for single-plex and 4-plex assays 

Each plasmid was diluted serially 10-fold over a range of 6.15x10^6 to 6.15x10^-1 copies/ μl. Each 

concentration was tested eight times with single-plex and 4-plex assays. For 4-plex assays, 

plasmids were mixed together to mimic co-infections then diluted in 10-fold increments. Limit of 

detection (LOD) for each assay was determined as the lowest plasmid concentration that was 

amplified for all targets. LOD was then reported as equivalent pathogen detectable by the assay 

depending on copy number of each target gene present in its genome. B. burgdoferi has 2 copies 

of 23S rRNA gene (Wheeler et al., 2004), A. phagocytophilum has 1 copy of major surface protein 

2 (MSP2) gene (Lin et al., 2004), E. chaffeensis has 1 copy of 16S rRNA gene (Loftis et al., 2003), 

Coxiella burnetii has 2 to 20 copies of insertion sequences (IS111) gene (Seshadri et al., 2003), 

Rickettsia has 1 copy of 17 kilodalton (kDa) gene (Reif et al., 2008), Borrelia has 1 copy of flagelin 

gene (Wallich et al., 1990), Bartonella has 1 copy of citrate synthase gene (Guy et al., 2013) and 

Babesia has 2 copies of 18S rRNA gene . Sensitivity of co-amplifications was also tested using 

low concentrations (6.15x10^-1 copies/μL) of each target in presence of high concentrations 

(6.15x10^6 copies/μL) of other non-targets.  

2.8.2 Determining Efficiency, linearity and precision of single-plex and 4-plex assays 

To determine linearity and Efficiency of the assays, standard curves of threshold cycle (Ct) versus 

copy numbers were generated over the 6.15x10^6 to 6.15x10^-1 copies/μL test range. qPCR 

reaction Efficiency was calculated from the slope of the standard curve according to the equation 

Log E = 10(-1/slope)-1 (Ian M. Mackay, 2007). To determine the reproducibility (precision) of the 

assays, three concentrations (6.15x10^6, 6.15x10^3 and 6.15x10^1 copies/μL) of plasmid were 
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assayed in triplicates five times on separate days. Coefficient of variation (CV) and Standard 

Deviation (SD) were calculated at each concentration for all targets. 

2.8.3 Pairwise comparison between single-plex and multiplex assays 

Bland-Altman analysis was used to depict the magnitude of disagreement between single-plex and 

multiplex assays. In Bland-Altman analysis, the Ct value difference (∆Ct) between single-plex and 

multiplex assays are plotted against the mean of the Ct values of the two assays (Altman and Bland, 

1983). Pairwise comparison was performed using Ct values from single-plex and 4-plex assays at 

various dilutions. 

2.8.4 Use of the two-multiplex qPCR for detection of tick–borne zoonosis pathogens 

Nucleic acids were extracted from 200 µl whole blood using ZR-Duet DNA/RNA mini prep kit 

(ZYMO Research, CA USA). Briefly, 200 µl of whole blood was lysed by adding 600 µl of 

DNA/RNA lysis buffer. The lysed sample was vortexed to mix thoroughly and then transferred to 

a spin column with a collection tube. This was followed by centrifuging at 12000 ×g for 1 

minute.The flow-through was discarded. The spin column was transferred to a new collection tube 

and 400 µl of DNA/RNA buffer added and followed by centrifuging at 12000 ×g for 1 minute. The 

flow-through was discarded and 700 µl of DNA/RNA wash buffer added into the spin column then 

centrifuged at 12000 ×g for 30 seconds.  The flow-through was discarded and 700 µl of DNA/RNA 

wash buffer added into the spin column then centrifuged at 12000 ×g for 2 minutes to ensure 

complete removal of wash buffer. The spin column was transferred to a clean DNase / RNase free 

micro-centrifuge tube. 50 µl of DNase / RNase free water was added to the column and let to stand 

for 5 minutes and then centrifuged at 10000 ×g for 30 seconds. The eluted DNA was stored at ≤ 

20 ° C until testing was done. Eight tick–borne zoonosis pathogens were tested using the two 
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multiplex assays optimized as described above using three microliters of the eluted nucleic acid 

extracted. A specimen was scored positive for any of the tick-borne zoonosis pathogen if it was 

amplified with a Ct value of less than 40 otherwise the specimen was scored negative. 

2.9 16s rRNA amplicons metagenomics for detection of bacterial pathogens in tick 

specimen 

Tick pools were homogenized using a pestle and mortar and then resuspended in 1 mL of 

Phosphate buffered saline. DNA was extracted from 200 µl of the homogenate using a Qiagen 

QIAamp DNA Mini Kit according to manufacturer’s instructions (Qiagen Inc., Valencia, CA). 

Briefly, 20µl of Qiagen protease was added into a 1.5ml micro-centrifuge tube followed by 200µl 

of the homogenate and mixed thoroughly by vortexing. 200 µl of buffer of lysis buffer was added 

and mix by pulse vortexing for 15 seconds. The solution was then incubated at 56 ºC for 10 minutes 

and briefly centrifuged to remove drops from the inside of the lid. 200 µl of absolute ethanol 

(100%) was added to the solution and mixed again by pulse vortexing for 15 seconds. The solution 

was transferred into a QIAamp mini spin column (in a 2 ml collection tube) without wetting the 

rim then centrifuged at 8000rpm for 1 minute. The spin column was transferred in a clean 2 ml 

collection tube and the tube containing the filtrate discarded. This was followed by adding 500 µl 

of wash buffer (AW1) without wetting the rim and centrifuged at 8000 rpm for 1 minute. The spin 

column was placed in a clean 2ml collection tube and the tube containing the filtrate discarded. 

500 µl of the second wash buffer (AW2) was added into spin column without wetting the rim 

and centrifuge at 14,000 rpm for 3 minutes. The spin column was placed in a new 2ml collection 

tube and the collection tube with the filtrate discarded followed by centrifuging at 14,000rpm for 

1 minute. The spin column was placed in a clean 1.5ml micro-centrifuge tube and the collection 

tube containing the filtrate discarded. 200µl of elusion buffer (AE) was added to the spin column 
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and incubated at room temperature for 1 minute. This was followed by centrifuging at 8000rpm 

for 1 minute. The spin column was discarded and the micro-centrifuge tube containing the eluted 

DNA was stored at -80°C until testing was done. 

The presence of bacteria in ticks genomic DNA were detected by PCR amplification using Illumina 

barcode tagged primers targeting V3–V4 hyper variable region of the 16s rRNA gene as described 

earlier (Klindworth et al., 2013b).  PCR was performed with 2.5 μl of genomic DNA, 5 μl of 

forward and reverse primers each at a final concentration of 1 μM, and 12.5 μl of NEBNext High-

Fidelity 2X PCR Master Mix (New Englands BioLabs, MA, USA) at 95 °C initial denaturation for 

3 min, followed by 25 cycles of 95 °C for 30 s, 62.3 °C for 30 s, and 72 °C for 30 s, and a final 

extension at 72 °C for 5 min. Reactions were cleaned up with Agencourt AMPure XP beads 

(Beckman Coulter Genomics, CA, USA) according to the manufacturer’s instructions. Dual 

indexing to allow multiplexing of samples was done using 5 μl of purified amplicons, 5 μl of 

Nextera XT Index Primer 1, 5 μl of Nextera XT Index Primer 2 (Illumina), 25 μl of NEBNext 

High-Fidelity 2X PCR Master Mix (New Englands BioLabs MA, USA) and 10 μL of PCR grade 

water (Thermo Fisher Scientific, MA, USA), with thermo cycling at 95 °C for 3 min, followed by 

12 cycles of 95 °C for 30 s, 55 °C for 30 s, and 72 °C for 30 s, and a final extension at 72 °C for 

5 min. Constructed 16S metagenomic libraries were purified with Agencourt AMPure XP beads 

((Beckman Coulter Genomics, CA, USA). The libraries were quantified on Qubit Flourometer 2.0 

using Qubit dsDNA HS Assay kit (ThermoFsher Scientific, MA, USA). Libraries were normalized 

and pooled to 4 nM based on Qubit values. Pooled samples were denatured and diluted to a final 

concentration of 10 Pico molar (pM) and spiked with 10 % PhiX (Illumina, CA, USA). Ninety-six 

(96) samples were multiplexed for each sequencing run and sequenced using MiSeq Reagent Kit 

V3 on the Illumina MiSeq System. 
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2.10 Data management and analysis 

The data obtained from patients’ records were entered in a Microsoft access 2007 and analysis 

performed with either Graphpad Prism 5 (Graphpad Software INC San Diego CA USA) and 

Stata version 12 (StataCorp, College station, Texas USA). Prevalence was calculated as overall 

percentage of positive patients to each tick–borne zoonosis pathogen tested and compared using 

Fisher’s exact or Chi-square test as appropriate to determine significant differences. In this 

present study we defined risk for tick–borne zoonoses infections as age, gender, contact with 

animals and a tick bite.  Associations between patients’ demographic characteristics (age, gender 

and region), clinical signs and symptoms and contact with any animal and tick–borne zoonosis 

results were determined using bivariate logistic regression. Statistically significant levels were 

set at alpha 0.05 and 95% confidence interval. 

For 16s rRNA metagenomics data analysis, de-multiplexing and adapter trimming of the Miseq 

sequences output was done using the Miseq reporter software version 2.6.3 (Illumina, CA USA). 

Mothur version 1.35 pipeline was used for paired end reads contig assembly, sequence quality 

filtering, chimera removal and taxonomic identification (Schloss et al., 2009). In brief, contigs 

containing ambiguous bases, and those with lengths < 350 base pairs (bp) or greater than 466bp 

were discarded. Sequences were then aligned to a customized 16s rRNA gene V3-V4 region from 

the SILVA database (Quast et al., 2013), followed by merging sequences that were less than  2 bp 

different of each other  using the pre.cluster command in Mothur. The merged sequences were then 

filtered for chimeric sequences and the chimera free sequences used for taxonomic assignment 

against the customized V3-V4 SILVA database (Schloss et al., 2009) using Bayesian classifier 

with 80% confidence (Quast et al., 2013;). Unassigned OTUs and those assigned to Chloroplast, 

Mitochondria, Archaea, and Eukaryote were discarded. Tick pools with < 1000 (n=40) sequences 
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were excluded from downstream analysis as small library sizes are often a cofounding factor that 

conceals biologically meaningful results (Weiss et al., 2017). Taxa detected in the non-template 

control were censored from the tick sample dataset(Davis et al., 2017).  

Statistical analysis and data visualization were done using OUT tables generated by Mothur on R 

software environment version 4  with Phyloseq, vegan and ggplot2 statistical adds-on (McMurdie 

et al., 2013; Oksanen et al., 2014; R Core Team, 2018 and Wickham, 2009). To down sample the 

data for alpha diversity analysis and account for unequal sequencing between samples, rarefaction 

was done using rarefy_even_depth command in phloseq with replacement (Weiss et al., 2015). 

The rarefied data was used to determine Shannon diversity index by first determining bacterial 

diversity for each tick pool and then aggregated to genus level before computing the mean 

(Shannon, 1948). 
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3 CHAPTER 3: Results 

3.1 Performance of duo 4-plex qPCR assays 

Assay specificity: The primer and probe specificities were first evaluated in silico by aligning the 

nucleotide sequences on the NCBI Blast database that contain nucleotide sequences of all 

sequenced organisms. No complete matches to the primer and probe sequences were found other 

than those corresponding to the target genes of each of the eight tick borne zoonosis. To validate 

the in silico results, the specificity of the primers and probes were evaluated by real time PCR in 

the presence of the 8 targeted and non-target plasmids. As shown in Table 2, there was no cross-

amplification or interference in product formation. Ct values were fairly similar between 

corresponding single-plex and 4-plex targets. High target plasmid concentration did not have 

significant effect on detection level of any target.  

Table 2: Target specific with no cross amplification for mono-plex and 4-plex assays 
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3.1.1 Assay limit of detection and dynamic range  

As shown in Figure 3, in 8 repeat experiments, the linear range of Ct values was from 12 to 40 

corresponding to 6.15*10^6 to < 3 copy/μL) for most of the targets in assay 1.This limit of 

detection was based on the copy number of the target genes corresponding to 3 copy of each 

pathogen targeted by assay one. Assay two was less sensitive and all targets could consistently be 

detected at Ct values of 11 to 37 corresponding to 6.15*10^6 to ~18 copies/ μL. This limit of 

detection based on the copy number of the target genes corresponding to 9 copies of Babesia, 18 

copies each of Rickettsia, Borrelia and Bartonella (Figure 4 and 5). 

 

Figure 4: Ct values plotted against copy numbers of serially diluted plasmids for the 4-plex 

assay one. In 8 repeat experiments, the linear range of Ct values was from 12 to 40 corresponding 

to 6.15*10^6 to <3 copy/μL) for most of the targets in assay one. All targets had a coefficient of 

variation of less than 0.1. The Line crossing the data points indicates the mean Ct for each 

dilution. 
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Figure 5: Ct values plotted against Copies per microliter of serially diluted plasmid DNA with 4-

plex assay two. In 8 repeat experiments, the linear range of 11 to 36 for Rickettsia spp. and 

Borrelia spp. 11 to 38 for Bartonella spp. and 23 to 37 for Babesia Ct values corresponding to 

6.15*10^6 to ~18 copies/ μL. Line crossing data points indicates the mean Ct value at each 

dilution. 

3.1.2 Efficiency, linearity and precision of optimized multiplex assays: 

 The duo 4-plex assays had strong linear correlation to input DNA template (shown in Figure 4 

and 5). The assay’s efficiencies ranged from 94 to 100 with correlation coefficient (R2) values of 

0.995 to 0.999 indicating high linearity (Table 3). All assays had a standard deviation of one 

cycle or below indicating high precision for all targets at different concentrations. Coefficients   

of variation for replicate Ct values at each concentration for all targets were below 0.1 with a 

median value of 0.01 for assay one and 0.02 for assay two for all the concentration tested. 
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Table 3: Duo 4-plex qPCR showing amplification linearity and Efficiency for target pathogens 

Assay 

Target pathogen 

Standard curve 

Slope 

PCR 

Efficiency R2 

Panel one C. burnetii -3.442 95.96 0.99 

A. phagocytophilum -3.468 94.23 0.998 

B. burgdoferi -3.464 94.40 0.998 

E. chaffeensis -3.436 95.46 0.998 

Panel two Rickettsia -3.736 95.00 0.997 

Other Borrelia -3.462 94.00 0.996 

Bartonella -3.678 97.00 0.995 

Babesia -2.595 100.00 0.997 

 

3.1.3 Comparison of multiplex and single-plex qPCR assays 

Bland – Altman analysis was used to depict the magnitude of disagreement between multiplex 

and single-plex assays. The difference in Ct values (∆Ct) between multiplex and single-plex 

assays were plotted against the mean of the Ct values of the serially diluted plasmid for multiplex 

and single-plex assays.  As shown in Figure 6, the ∆Ct for the assays were within a range of -1.7 

to 0.8 for Coxiella, -1.8 to 2.9 for A. phagocytophilum, 03 to 3.4 for B. burgdoferi, -1.3 to 2.9 for 

E. chaffeensis, -1.3 to 0.4 for Rickettsia, -0.8 to 0.1 for Bartonella, -0.3 to 2.3 for Babesia and -

1.7 to 1.7 for other Borrelia. Mean ∆Ct are very close to zero indicating small differences 

between the multiplex and single-plex assays. 
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Figure 6: Bland – Altman plots showing differences between single-plex and multiplex assays. 

The difference in Ct values (∆Ct) between multiplex and single-plex assays against the mean of 

the Ct values of the serially diluted plasmid for multiplex and single-plex assays (dots) with 

representation of the limits of agreement (dotted line) within -1.96 SD to +1.96 SD. The 

reference line (solid line) on the plot indicates the ideal zero difference. X axis = average Ct 

values and y axis = Ct differences of the two assays. 
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3.2 Tick-borne zoonotic pathogens in acute febrile illness patients 

3.2.1 Study participants 

A total of 6,207 whole blood samples collected between the period of February 2008 and December 

2017 were tested for presence of tick–borne zoonosis pathogens using the duo 4-plex real time 

PCR. Of these, 6,207 were tested for Rickettsia, 4,289 for Coxiella, 3,615 for A. phagocytophilum, 

3,659 for E. chaffeensis, 3,657 for B. burgdoferi, 3,480 for Babesia spp., 3,463 for Bartonella spp. 

and Borrelia spp. that are not B. burgdoferi. For patients whose demographic data were available 

3,082 (50.9%) were males and 2,979 (49.2%) were females.  The ages ranged from 1 to 80 years 

with a median of 5 years. 

3.2.2 Prevalence of tick–borne zoonosis pathogens 

 Overall 16.4%, C.I 15.3-17.1 was positive for at least 1 tick–borne zoonosis pathogen. This 

comprised of 7.7%, CI: 7.9-8.3 for Rickettsia spp., 6%, CI: 5.6-7.0 for C. burnetii, 1.5%, CI: 1.1-

1.9 for A. phagocytophilum, 3%, CI: 2.5-3.6 for E. chaffeensis, 1.5%, CI: 1.1-1.9 for B. burgdoferi, 

1%, CI: 0.2-1.4 for Babesia spp., 0.2%, CI: 0.07-0.4 for Bartonella spp. and 4%, CI: 3.3-4.5 for 

other Borrelia which are not B. burgdoferi. The number of tick-borne zoonosis positive samples 

was similar in males 16.6%, CI: 14.92–17.53 and females 16.2%, CI: 15.28–17.95.  Tick–borne 

zoonosis prevalence was significantly higher in 6 to 15 year olds 17.5%, CI: 15.49-19.44, p = 0.02 

and >16-year olds 19.2%, CI: 17.12-21.35, p=0.001 categories compared to the <5-year olds 

category 14.8%, CI: 13.57-15.99. For different regions in the country, urban cosmopolitan region 

showed highest prevalence of 39.4%, CI: 31.72-47.03, p=< 0.0001 compared to Coastal region 

17.0%, CI: 12.61-21.43, Kisii highlands 12.5%, CI: 10.60-14.38, Lake Victoria region 15.5%, CI: 

14.31-17.06, Semi-arid region 17.1%, CI: 15.40-18.76 as shown in Table 4.  



45 

Table 4: Demographic characteristics of acute febrile illness patients tested for tick-borne 

zoonosis 

Patient parameter 

% (number 

positive/N) P-value  

Age 

< 5 year olds 14.78  (489/3,309) Ref 

6 - 15 year olds 17.46 (248/1,420) 0.02* 

> 16 year olds 19.24 (257/1,336) 0.001** 

Gender  

Male 16.62 (500/3,082) Ref 

Female 16.22 (495/2,979) 0.7052 

Region of residence 

Semi-arid region 17.08 (331/1,938) Ref 

Coastal region 17.02 (48/282) 0.3198 

Urban cosmopolitan 39.37 (63/160) <0.0001*** 

Kisii highland 12.49 (147/1,177) 0.1014 

Lake Victoria region 15.94 (421/2,684) 0.3017 

Boldface indicates statistical significance. *p < 0.05, **p < 

0.01, ***p < 0.001.  Statistical significance was tested using 

either Fisher’s exact or Chi-square test (χ2) where applicable. 

 

3.2.2.1 Prevalence of Rickettsia spp. 

Out of the 6,207 AFI participants tested for Rickettsia 7.7%, CI: 7.9-8.3 were positive. This 

comprised of 7.6 % in males and 7.9 % in females (Table 5). Although tick–borne zoonosis 

prevalence was higher in >15-year olds (9.2%) compared to 7.10% and 8.0% in <5-year olds and 

6 to 15 year olds, respectively, the difference was not statistically significant (p = 0.792) (Table 

6).  There was higher prevalence of Rickettsia spp. in the urban cosmopolitan region (24.5%) 

(p=<0.0001) compared to Coastal region (8.5 %), Kisii highlands (4.59 %), Lake Victoria region 

(7.26 %) and Semi-arid region 8.50 %, (Table 7).  

3.2.2.2 Prevalence of C. burnetii 
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Out of the 4,289 AFI participants tested for C. burnetii 6.3%, CI: 5.59-7.05 were positive. This 

comprised of 6.3 % in males and 6.5 % in females (Table 5). There was no significant statistical  

difference in the C. burnetii prevalence among the different age categories (p=0.7880) with  <5 

year olds had a prevalence of 6.2% compared to 6.4% in the 6 to 15 year olds and 6.9 % in the >15 

year olds (Table 6). With regard to different regions in Kenya, the prevalence of C. burnetii 

showing no significant statistical different (p=0.9150) among the five regions that were 

investigated with the urban cosmopolitan showing a prevalence of 5.0% while Coastal region, Kisii 

highlands, Lake Victoria region and Semi-arid region had prevalence of 7.1%, 6.5%, 6.2% and 

6.4%, respectively (Table 7). 

3.2.2.3 Prevalence of A. phagocytophilum 

Out of the 3,615 AFI participants tested for A. phagocytophilum 1.5%, CI: 1.12-1.92 were positive. 

This comprised of 1.5% in males and 1.6% in females (Table 5). There was no significant statistical 

difference among the various age categories (p=0.7349) with 1.4% in <5 year olds, 1.5% in 6 to 

15 year olds, and 1.8% in >15 year olds (Table 6). Different regions investigated showed no 

significant statistical difference in prevalence (p=0.3457) with urban cosmopolitan reporting a 

prevalence of 3.1%, 1.3% in Coastal region, 0.7% in Kisii highlands, 1.5% in Lake Victoria region 

and 1.93 % in Semi-arid region  (Table 7). 

3.2.2.4 Prevalence of E. chaffeensis 

Out of the 3,510 AFI participants tested for E. chaffeensis 3.1 %, CI: 1.1-1.9 were positive. This 

comprised of 2.8% males and 3.3% in females (Table 5). Different age categories showed no 

significant difference (p=0.1843) with 2.6%, in <5 year olds, 3.2% in 6 to 15 year olds, and > 3.9% 

in 15 year olds (Table 6). Similarly, the prevalence was not significantly  different among the 
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different regions  (p=0.4948) with 1.9% in urban cosmopolitan, 4.0% in Coastal region, 3.6% in 

Kisii highlands, 2.6% in Lake Victoria region and 3.4% in Semi-arid region (Table 7). 

3.2.2.5 Prevalence of B. burgdoferi 

Out of the 3615 AFI participants tested for B. burgdoferi 1.5%, CI: 1.13-1.93 were positive. This 

comprised of 1.6% in male and 1.4% in female (Table 5). Prevalence was not significantly different 

among the age categories (p=0.0593) with <5 year olds 1.1%, >6 to 15 year olds 1.7% and >15 

year olds 2.3% (Table 6). The prevalence was not significantly different in the different regions, 

with Urban cosmopolitan 3.1%, Coastal region 1.3%, Kisii highlands 0.91, Lake Victoria region 

1.5% and Semi-arid region 1.6% (p-value 0.3756) (Table 7). 

3.2.2.6 Prevalence of Borrelia spp. 

Out of the 3,464 AFI participants tested for Borrelia spp. 135/3364 (3.89 % CI: 3.25-4.54) were 

positive. This comprised of 4.3% in males and 3.8% in females (Table 5). Different age categories 

did not show significant statistical difference in prevalence (p=0.7583) with <5 year olds 3.9%, >6 

to 15 year olds 4.5% and >15 year olds 3.9 % (Table 6). Borrelia spp. prevalence was not 

significantly different in different regions (p=0.2342) with urban cosmopolitan region 6.2%, 

Coastal region 3.7%, Kisii highlands 3.8%, Lake Victoria region 4.5% and Semi-arid region 3.0% 

(Table 7). 
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3.2.2.7 Prevalence of Babesia spp. 

Out of the 3,480 AFI participants tested for Babesia spp. 1.0% CI: 0.7-1.37 were positive. This 

comprised of 1.2% in males and 0.8% in females (Table 5). Although low prevalence was 

observed, there was significant statistical difference in the prevalence of Babesia spp. among the 

different age categories (p=0.0324) with <5 year olds 1.5%, >6 to 15 year olds 0.7% and >15 year 

olds 0.4% (Table 6). The prevalence was significantly different in different regions in Kenya  

(p=0.0126) with higher prevalence in Kisii highlands at 2.0%, Lake Victoria region 1.3%, Coastal 

region 0.7%,  Semi-arid region 0.4%, and no Babesia spp. pathogen detected in urban 

cosmopolitan (Table 7). 

3.2.2.8 Prevalence of Bartonella spp. 

Out of the 3463 AFI participants tested for Bartonella spp. 0.2% CI: 0.07-0.39 were positive. This 

comprised of 0.2% in males and 0.3% in females (Table 5). There was no significant statistical 

difference in prevalence among the different age categories (p=0.8157) with <5 year olds 0.3%, 

>6 to 15 year olds 0.2% and >5 year olds 0.1% (Table 6). The prevalence were low in all zones 

with no Bartonella spp. detected in the coastal and urban cosmopolitan regions, Kisii highlands 

0.38%, Lake Victoria region 0.2% and Semi-arid region 0.27% (Table 7). 
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Table 5: Tick–borne zoonosis pathogens with gender 

Number positive/Number tested (Percentage, CI :) 

Tick–borne 

zoonosis 

pathogens Male Female 

C. burnetii 135/2080 (6.26, CI: 5.23-7.28)  36/2159 (6.54 CI: 5.48-7.60 %) 

A. 

phagocytophilum 26/1767 (1.47, (CI:. 0.91-2.033) 27/1698 ((1.59,  CI: 0.99-2.19) 

E. chaffeensis 50/1792% (2.79 (CI:. 2.03-3.55)  57/1718 ((3.33, CI: 2.47-4.17) 

B. burgdoferi 29/1791 (1.62 (CI:. 1.03-2.20)  24/1716 ((1.4, CI: 0.84-1.96) 

Rickettsia spp. 235/3072 (7.6, CI: 6.71-8.39 ) 235/2971 (7.9, CI: 6.93-8.88 ) 

Borrelia spp. 72/1688 (4.27, (CI:. 3.3-5.23)  61/1625 ((3.75, CI: 2.83-4.68) 

Bartonella spp. 

4/1688 (0.24 (CI:. 4.78e-005-

0.47)  4/1625 0.25, CI: 4.97e-005-0.49) 

Babesia spp. 21/1727 (1.22, CI:. 0.7-1.73) 14/1670 ((0.83, CI: 0.40-1.28) 
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Table 6: Tick–borne zoonosis pathogens with age categories 

Number positive/Number tested (Percentage, CI :) 

Tick–borne zoonosis 

pathogens < 5 year olds 6 - 15 year olds > 16 year olds 

C. burnetii  

141/2280 (6.18% CI: 

5.19-7.17)  

60/941 (6.38 % CI: 

4.81-7.94) 

70/1020 (6.86 % CI: 

5.31-8.42)  

A. phagocytophilum 

26/1845 (1.41, CI: 

0.87-1.948) 

13/854 (1.52, CI: 

0.7-2.35) 

14/765 (1.83, CI: 

0.878-2.78) 

E. chaffeensis  

48/1859 (2.58, CI: 

1.86 – 3.30) 

48/1487 (3.23, CI: 

2.33-4.13)  

31/787 (3.94, CI: 

2.58-5.30)  

B. burgdoferi 

20/1857 (1.08, CI: 

0.61-1.55) 

15/862 (1.74, CI: 

0.87-2.62)  

18/787 (2.29, CI: 

1.24-3.33) 

Rickettsia spp. 

234/3295 (7.10, CI: 

6.22-7.98) 

113/1417 (7.98, CI: 

6.56-9.39) 

123/1337 (9.21, CI: 

7.66 - 10.77) 

Borrelia spp. 

68/1757 (3.87, CI: 

2.97-4.77) 

37/827 (4.47, CI: 

3.06-5.89) 

28/728 (3.85, CI: 

2.45-5.25)  

Bartonella spp. 

5/1757 (0.28, CI: 

0.035-0.53) 

2/827 (0.24, CI: 

0.01-0.58)  

1/728 (0.14, CI: -0.13-

0.41)  

Babesia spp. 

26/1790 (1.45, CI: 

0.9-2.01)  

6/854 (0.7, CI: 0.14-

1.28)  

3/762 (0.39, CI: -

0.05-0.84)*  

Boldface indicates statistical significance. *p value = < 0.0324 
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Table 7: Tick–borne zoonosis pathogens in different regions of Kenya. 

Number positive/Number tested (Percentage, CI :) 

Tick–borne 

zoonosis 

pathogens 

Coastal 

region 

Kisii 

highlands 

region 

Lake Victoria 

region 

Arid and semi-

arid region 

Cosmopolitan 

Urban region 

C. burnetii 

  

3/184 

(7.07 % 

CI: 

3.328-

10.80)  

57/882 (6.46 

% CI: 4.84-

8.09)  

108/1740 (6.21 

% CI: 5.07-

7.34)  

86/1341 (6.41% 

(CI: 71.35-8.66)  

7/140 (5.00 % 

CI: 1.35-8.66)  

A. 

phagocytophil

um  

2/151 

(1.33, CI: 

0.52-

3.17)  

4/551(0.73, 

CI: 0.015-

1.44) 

24/1602 (1.5, 

CI: 0.90-2.09)  

18/934 (1.93, 

(CI: -0.52-3.17)  

5/160 (3.13, 

CI: 0.4--5.85) 

E. chaffeensis  

6/150 

(4.0 , CI: 

0.83-

7.17)  

20/551(3.63, 

CI: 2.06-5.20) 

42/1632 (2.57, 

CI: 1.81-3.34)  

40/1165 (3.43, 

(CI: 2.39-4.48)  

3/160 (1.88, 

CI: -0.25-4.0) 

B. burgdoferi  

2/151 

(1.33, CI: 

0.52-

3.170  

5/551(0.91, 

CI: 0.11-1.7) 

25/1631 (1.53, 

CI: 0.94-2.13)  

19/1164 (1.63, 

(CI: -0.90-2.36)  

5/160 (3.13, 

CI: 0.4-5.85)  

Rickettsia spp  

24/282 

(8.5, CI: 

5.23-

11.79) 

54/1177 (4.59 

, CI: 3.39-

5.79) 

193/2684 

(7.26, CI: 

6.27-8.25) 

164/1938 (8.50, 

CI: 7.25-9.74) 

39/160 (24.53, 

CI: 17.77-

31.29)* 

Borrelia spp  

5/135 

(3.7, CI: 

0.48-

6.93) 

20/532 (3.76, 

CI: 2.14-5.38) 

68/1526 (4.45, 

CI: 3.42-5.49) 

33/1122 (2.94, 

(CI: 1.95-3.93) 

9/146 (6.16, 

CI: 2.22-

10.11) 

Bartonella spp  
None 

detected 

2/532 (0.38, 

CI: -0.15-1)  

3/1527 (0.2, 

CI: -0.02-0.42)  

3/1122 (0.27, 

(CI: -0.04-0.57) 
None detected 

Babesia spp  

1/140 

(0.71, 

CI: -0.7-

2.13) 

11/540 (2.04, 

CI: 0.84-

3.23)  

20/1527 (1.31, 

CI: 0.74-1.88) 

4/1113 (0.36, 

(CI: 7.28e-005-

0.71)  

None 

detected** 

Boldface indicates statistical significance. *p value = < 0.0001, **p value = 0.0126 
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3.2.3 Mixed tick–borne zoonosis infections 

Tick–borne pathogens investigated in this study can be transmitted by the same tick species. Out 

of the 1,017 patients with tick–borne zoonosis infections, 906 (89.1%) had mono-infection with a 

tick–borne zoonosis pathogen and 99 (9.7%) had an infection with two tick–borne zoonosis 

pathogens, 11 (1.1%) patients had an infection with three tick–borne zoonosis pathogens while 1 

patient (<1%) had an infection with four tick–borne zoonosis pathogens as shown in Table 8. Co-

infections with Rickettsia spp., C. burnetii, Rickettsia spp. and Borrelia spp which are not B. 

burgdoferi were more common (Table 8).  
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Table 8: Co-infections of tick–borne zoonosis pathogens detected in clinical samples 

Pathogen associations 

Number of tick–borne zoonosis 

infections 

Rickettsia spp. + C. burnetii 25 

Rickettsia spp. + B. Burgdoferi 3 

Rickettsia  spp.+ A. phagocytophilum 4 

Rickettsia spp. + E. chaffeensis 9 

Rickettsia spp. + Babesia spp. 6 

Rickettsia spp. + Other Borrelia spp. 27 

Rickettsia spp. + Bartonella spp. 1 

C. burnetii + E. chaffeensis 3 

C. burnetii + B. Burgdoferi 1 

C. burnetii + A. phagocytophilum  1 

C. burnetii + Other Borrelia spp. 2 

A. phagocytophilum + E. chaffeensis 1 

A. phagocytophilum + other Borrelia spp. 2 

A. phagocytophilum + B. burgdoferi 2 

E. chaffeensis + B. burgdoferi 1 

E. chaffeensis + Other Borrelia spp. 5 

E. chaffeensis + Babesia spp. 2 

B. burgdoferi + other Borrelia spp. 2 

Babesia spp. and other Borrelia spp. 2 

Rickettsia spp. + Babesia spp. + other Borrelia spp. 2 

Rickettsia spp. + Babesia spp. + C. burnetii 3 

Rickettsia spp. + A. phagocytophilum + E. chaffeensis 1 

A. phagocytophilum + B. burgdoferi + Borrelia spp. 1 

Rickettsia spp.+ C. burnetii + A. phagocytophilum 1 

A. phagocytophilum + C. burnetii + E. chaffeensis 1 

Rickettsia spp.+ C. burnetii + B. burgdoferi 1 

E. chaffeensis + C. burnetii + other Borrelia spp. 1 

C. burnetii + A. phagocytophilum + Babesia spp.+ 

Borrelia spp. 1 
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3.3 Determination of risk factors for tick–borne infections in acute febrile illness patients 

in Kenya  

To understand which factors are associated with tick–borne infections, this study investigated age, 

gender, region of residence, contact with animals and a tick bite variables as risk indicator. As 

shown in Table 5, prevalence of tick–borne infection in males and females were similar showing 

no significant statistical difference (p=0.7052) when assessed generally or for each individual tick–

borne zoonosis pathogen.  

 In general prevalence of tick–borne zoonosis infections was significantly higher in patients aged 

>6 to 15 (17.5%, p=0.02) and >15 years (19.2%, p=0.001) compared to patients aged less than 5 

years (14.8%) as shown in Table 4. Prevalence of C. burnetii, A. phagocytophilum, B. burgdoferi, 

E. chaffeensis, Rickettsia, Borrelia and Bartonella infections shown no significant statistical 

different in the age categories investigated (Table 6). However prevalence of Babesia infections 

was significantly higher in patients below 5 years old (p = 0.03) compared to patients aged >6 to 

15 and >15 years old (Table 6). Urban cosmopolitan region had significantly higher prevalence of 

tick–borne zoonosis (39.4%, p<0.0001) compared to other regions investigated.  

 As shown in table 9 and 10, being in contact with sheep was associated with higher odds of a tick–

borne zoonosis infection (p =0.033, OR 1.44 CI: 1.03 - 2.02). Generally, contact with cows, 

donkeys, cats, dogs, goats, camels, pigs, chicken, ducks and geese had no association with tick–

borne zoonosis infection status (Table 9).When assessed individually for each tick–borne zoonosis 

pathogen contact with sheep was associated with higher odds of having Rickettsia spp. infection 

(p<0.0001, OR 2.21CI: 1.47-3.31) whereas being contact with geese was associated with higher 

odds of B. burgdoferi infection (p=0.026, OR 19.18 CI: 1.4 30 - 257.14) and Babesia spp. 

(p=0.027, OR 22.03 CI: 1.415- 343.013). Being in contact with a cat was associated with higher 
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odds of Borrelia spp. infection (p = 0.029, OR 2.4 CI: 1.093 - 5.277) (Table 10). Some patients 

also reported tick bites, which can potentially lead to a tick–borne zoonosis infection. A tick bite 

can be indicative of a tick–borne zoonosis infection. Generally patients who reported a tick bite 

had higher odds of being positive for a tick–borne zoonosis infection (p = 0.008) compared to those 

not reporting a tick bite (Table 11 and 12). 
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Table 9: Risk of tick–borne zoonosis infection due to animal contact in acute febrile illness 

patients 

 

Table 10: Animal contact with significantly increased risk of tick–borne zoonosis infection 

TBZ Animal contact Odds Ratio P value 95% Conf. Interval 

Rickettsia spp. Sheep 2.21 <0.001 1.474 - 3.31 

B. burgdoferi Geese 19.18 0.026 1.4 30 - 257.143 

Babesia spp. Geese 22.033 0.027 1.415- 343.013 

Borrelia spp. Cat 2.4 0.029 1.093 - 5.277  
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3.4 Signs and symptoms associated with  tick–borne zoonosis infection 

As shown in Table 11, in addition to having fever, clinical signs and symptoms that the AFI patients 

with or without tick–borne infections reported included muscle aches, joint aches, headache, runny 

nose, cough, chills, sore throat, difficulty in breathing abdominal pains, vomiting, blood in stool, 

rash, bleeding, painful eyes, and seizures. Some patients also reported tick bites, which can 

potentially lead to a tick–borne zoonosis infection. This study sought to determine which signs and 

symptoms are likely indicators of tick–borne zoonosis infection. Of the signs and symptoms 

accessed headache, cough, chills, runny nose, joint aches, muscle aches, abdominal pains, sore 

throat, rash, and difficulty in breathing did not show association with tick–borne zoonosis 

infections (Table 11). As shown in Table 11 and 12, patients who reported a tick bite (OR 1.24, 

p=0.008 CI: 1.06-1.45) and blood in stool (OR 1.31, p=0.034 CI: 1.02-1.68) had higher odds of 

having a tick–borne zoonosis infection. When signs and symptoms were considered for each 

individual tick–borne zoonosis tested, patients who reported blood in stool were associated with 

higher odds ratio of Borrelia spp. infection (OR 1.8, p=0.036 CI: 1.04-3.03) and Rickettsia spp. 

(OR 1.7, p<0.0001 CI: 1.27-2.23) infections. Patients with Babesia spp. infections were associated 

with higher odds of vomiting (OR 2.2, p<0.033 CI: 1.06-4.48) and bruising (OR 1.57, p<0.021 CI: 

1.57-230.37). Patients with Bartonella spp. infections were associated with higher odds of seizures 

(OR 10.27, p<0.033 CI: 1.21-86.98) and bleeding (OR 27.89, p<0.006 CI: 2.58-301.53). Patients 

who reported bleeding were also associated with B. burgdoferi infection. In addition to reporting 

blood in stool patients with Rickettsia spp. infections had significantly higher odds ratio for a tick 

bite (OR 1.3, p<0.022 CI: 1.04-1.59) and painful eyes (OR 1.4, p<0.002 CI: 1.13-1.70). 
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Table 11: Signs and symptoms associated with tick–borne zoonosis infections 

Signs and symptoms in tick–borne zoonosis positive infections 

Clinical 

characteristics 

% (positive with sign/Total 

positive) OR P value CI: 

Chills    61.29(581/948) 1.01 0.887 0.89-1.15 

Cough    49.24 (489/993) 1.04 0.631 0.89-1.23 

Difficulty_breathing     5.96(59/990) 1.17 0.258 0.90-1.54 

Sore_throat     17.06 (151/885) 0.10 0.111 0.79-1.03 

Headache     66.67(564/846) 0.83 0.011 0.73-0.96 

Runny_nose    41.51 (411/990) 0.885297 0.132 0.76-1.04 

Painful eyes    12.11(116/958) 1.12 0.167 0.95-1.31 

Seizures     2.44(23/944) 0.98 0.871 0.80-1.21 

Tick_bites  2.59(23/889) 1.24 0.008 1.06-1.45 

Abdominal_pain   44.38 (411/926) 1.01 0.839 0.89-1.15 

Vomiting     32 (319/997) 0.92 0.262 0.79-1.07 

Diarrhoea   14.16(141/996) 0.91 0.384 0.74-1.12 

Blood_in_stool    2.37 (23/972) 1.31 0.034 1.02-1.68 

Bleeding   1.81 (18/993) 1.57 0.054 

0.998-

2.49 

Bruising           0.20 (2/992) 0.81 0.515 

0.429-

1.55 

Rash  3.47(34/980) 0.96 0.791 0.74-1.26 

Joint_aches    45.9(375/817) 1.12 0.15 0.96-1.31 

Muscle_aches   35.71(286/801) 0.99 0.92 0.86-1.15 

Dark_urine   1.21 (11/907) 0.74 0.01 0.59-0.93 

Jaundice     0.77 (7/907) 1.10 0.436 0.86-1.41 

Boldface indicates statistically  significant association 
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Table 12: Signs and symptoms with significant association with tick–borne zoonosis infections 

in acute febrile illness patients 

Pathogen Clinical signs 

% (positive with 

sign/Total positive) 

Odds 

Ratio 

P 

value 

95% 

Conf. 

Interval 

TBZ 

Tick bites  2.59(23/889) 1.24 0.008 1.06-1.45 

Blood_in_stool    2.37 (23/972) 1.31 0.034 1.02-1.68 

Babesia spp. 

Vomiting     54.29(19/35) 2.2 0.033 1.06-4.48 

Bruising           2.86(1/35) 19 0.021 

1.57-

230.37 

Bartonella 

spp. 

Seizures     12.50 (1/8) 10.27 0.033 1.21-86.98 

Bleeding   12.50 (1/8) 27.89 0.006 

2.58-

301.53 

Borrelia spp. Blood_in_stool    2.36 (3/127) 1.8 0.036 1.04-3.03 

B. burgdoferi Bleeding   7.55 (4/53) 7.6 0.001 2.34-24.85 

E. chaffeensis Chills    76.92 (80/104) 1.5 0.047 1.00 -2.19 

Rickettsia 

spp.  

Blood_in_stool    2.64(12/454) 1.7 0 1.27-2.32 

Tick bites  3.10 (13/419) 1.3 0.022 1.04-1.59 

Eye pain    15.83 (64/450) 1.4 0.002 1.13-1.70  

 

3.5 Bacterial community in ticks collected from livestock in Kenya using 16s rRNA 

metagenomics 

3.5.1 16s rRNA metagenomics sequencing result 

Of the 463 tick pools used for sequencing library prepared, 400 pool samples had their paired end 

sequences assembled to yield a total of 97,993,917 sequence contigs, with the sample with the least 

number of sequences having 237, while that with the most sequences having 4,252,150 sequence 

contigs. The median sequence count was 196,400 sequences per sample. After quality filtering 

steps described above 41,500,930 unique sequences ranging from 2 to 2,240,157 with a median of 

70,929 sequences per pool remained which were used for picking operational taxonomic units 

(OTUs) and taxonomic assignment. Of the 400 tick pools that yielded contigs, 40 pools with small 

library size and poor quality sequences were dropped from further analysis.  Sequences were 

rarefied to 1,210 sequences which was the smallest number of sequences in a pool to overcome 
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effects of PCR bias and unequal sequencing between samples. Using prevalence method in the 

“decontan” command within R package 6 OTUS were identified as contaminants and removed 

from the tick dataset. 40 tick pools with library size of <1000 sequences were dropped from 

downstream analysis and a total of 360 tick pools remained with 36, 973,934 sequences. 

3.5.2 Bacterial community composition across tick genera 

A total of 645 unique OTUs classified to genus level were identified across tick pools representing 

over 90% (36,973,934 sequences) of the sequence reads obtained after quality filtering. The 

bacteria genera grouped into 27 phyla. As shown in Figure 7, Proteobacteria contributed the 

majority 61.2 % of the sequences that tarried to 33.8% OTUs, 15.9% for Firmicutes (23.4% OTUs), 

and 15.6% for Actinobacteria (20% OTUs), 4.7% for Bacteroidetes (11.6% OTUs). The remaining 

22 phyla included 0.7% for Fusobacteria, 0.5% for TM7 (Saccharibacteria) 0.3% for 

Verrucomicrobia 0.2% for Acidobacteria, 0.2% for Deinococcus-Thermus, 0.2% for 

Planctomycetes, 0.1% for Chloroflexi, OD1 (Parcubacteria), Tenericutes and Gemmatimonadetes, 

0.04% for Armatimonadetes, 0.03% for Spirochaetes, 0.02% for Aquificae, 0.01% for SR1 

(Absconditabacteria), Lentisphaerae and BRC1, 0.004% for Chlamydiae and Nitrospira, 0.002% 

for Chlorobi, Synergistetes, Fibrobacteres, WS3 and Elusimicrobia each constituting 11.2% OTUs 

(Figure 8). 
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 Figure 7: Box plots of bacterial phylum with greater than 0.1 relative abundance. X axis shows 

relative abundance while the y axis shows bacteria phylum. 

Of the 645 genera, the dominant genera was Coxiella contributing 41.8% (15,445,204 out of 

36,973,934), Corynebacterium 13.6%, Acinetobacter 4.3%, Staphylococcus 3.9%, Bacillus 2.7%, 

Porphyromonas 1.6%, Ralstonia 1.5%, Streptococcus 1.3%, Moraxella 1.3%, Cloacibacterium 

1.3%, Neisseria 1.2%, Escherichia_Shigella 1.2%, Proteus 1.0%, and Aerococcus, Alloiococcus, 

Stenotrophomonas 1% each of the sequences (Figure 8). Other bacterial genera known to carry 

potentially medical relevant species were also detected in ticks although in relative abundances of 

less than 0.1. These genera included Burkhoderia (0.4%), Klebsiella (0.3%), Escherichia-Shegella 

(0.3%), Achromobacter (0.2%), Rickettsia (0.1%), Haemophilus (0.1%), Legionella (0.1%), 

Campylobacter (0.04%), Treponema (0.03%), Francisella (0.02), Anaplasma (0.01), 

Elizabethkingia (0.006%), Mycoplasma (0.006%), Ehrlichia (0.005%), Bordetella (0.004%), 

Vibrio (0.002%), Borrelia (0.0008%) and Brucella (0.0002%). (Figure 8 and Table 13)  
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Figure 8: Heat map showing the three groups of bacteria that were identified in different tick 

genera. Panel A shows taxa that are probably commensals/symbiotic or from the environment 

appearing at abundance >1%). The commensals/symbionts group dominated, contributing 93.6% 
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of the OTUs, but their individual sequence contribution was very low.  Group two comprised 

genera that are known to have pathogenic species (Panel B): Coxiella dominated in this group at 

41.8%, followed by Corynebacterium (13.6%), Acinetobacter (4.3%), Staphylococcus (3.9%), 

Bacillus (2.7%) and Porphyromonas (1.6%), Ralstonia (1.5%), Streptococcus (1.3%), Moraxella 

(1.3%), amongst others. Group three comprised tick borne zoonotic pathogens (Panel C): 

Rickettsiae, Anaplasma, Francisella, Ehrlichia, Bartonella and Borrelia and individually 

contributed <1% of the sequences. The X-axis represents the samples from the different tick 

genus. The Y-axis represents microbial taxa at the genus level, ordered by hierarchical clustering. 

Red color indicates a greater number of reads of that bacterial genus and dark blue color indicate 

less reads. White boxes indicate samples without sequence reads 
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Table 13: Bacteria taxa with potentially tick-borne pathogens species identified in ticks 

Potentially Pathogenic Known tick-borne zoonotic 

Bacterial taxa  
Percentage 

abundance  

Bacterial 

taxa  
Percentage abundance  

Coxiella 41.77332 Rickettsia 0.11211 

Corynebacterium 13.62813 Anaplasma 0.00666 

Acinetobacter 4.31421 Francisella 0.00533 

Staphylococcus 3.88176 Ehrlichia 0.00294 

Bacillus 2.70122 Borrelia 0.00144 

Porphyromonas 1.61327 Bartonella 0.00002 

Ralstonia 1.48149    
Streptococcus 1.33425    
Moraxella 1.29198    
Neisseria 1.23056    
Escherichia_Shigella 1.16413    
Pseudomonas 0.44633    
Burkholderia 0.3833    
Klebsiella 0.32713    
Enterococcus 0.14419    
Campylobacter 0.07846    
Achromobacter 0.05374    
Mycobacterium 0.05267    
Clostridium_XlVb 0.05216    
Actinomyces 0.035    
Legionella 0.0252    
Treponema 0.0194    
Clostridium_IV 0.01561    
Clostridium_III 0.00415    
Clostridium_XVIII 0.00292    
Vibrio 0.00268    
Bordetella 0.00262    
Mycoplasma 0.00208    
Clostridium_XlVa 0.0018    
Elizabethkingia 0.00169    
Salmonella 0.00148    
Streptobacillus 0.00106    
Cronobacter 0.00096    
Clostridium_sensu_stricto 0.00079    
Clostridium_XI 0.00021    
Yersinia 0.00008    
Brucella 0.00002     
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3.5.3 Diversity of tick bacterial community 

A total of 37,344,683 sequences from 360 samples were rarefied to 1220 reads per samples 

resulting to 381, 726 sequences that were used to determine the Shannon diversity index. 

Rarefaction curves for the samples approached saturation at 1,210 reads. As, shown in Figure 9, 

the Shannon diversity index of bacteria detected among the tick species ranges from 2.69 to 4.15 

suggestive of low diversity.  A. variegatum carried less diverse bacteria (mean Shannon diversity 

index of 2.69 ± 0.92) compared to 3.79 ± 1.10 for Amblyomma gemma, 3.71 ± 1.32 for A. 

hebraeum, 4.15 ± 1.08 other Amblyomma spp, 3.79 ± 1.37 for Hyalomma truncatum, 3.67 ± 1.38 

for other Hyalomma spp, 3.86 ± 1.27 for Rhipicephalus annulatus, 3.56 ± 1.21 for Rh. 

appendiculatus, 3.65 ± 1.30 for Rh. Pulchellus, but the difference was not significant (p=0.443) 

The dominant phyla were present in all tick species with Proteobacteria, Firmicutes and 

Actinobacteria present in all 360 samples (Figure 10).  Most abundant genera were identified 

across all tick genera and in most of the samples. Coxiella genus was identified in 96.9% (349 out 

of 360) samples, followed by Corynebacterium present in 96.3% (347 out of 360), Acinetobacter 

95.6% (344 out of 360), Staphylococcus 89.4% (322 out of 360) and Bacillus 96.9% (349 out of 

360). 
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Figure 9: Boxplot showing median bacteria diversity in tick species measured by Shannon 

diversity index. A. variegatum carried less diverse bacteria (mean Shannon diversity index (2.69 

± 0.92 standard deviation) compared to the other tick species, but the difference was not 

significant (p=0.443). 
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Figure 10: Bar plot showing bacteria phyla in tick species based on relative abundance of 

sequences. Most abundant bacteria phyla including Proteobacteria, Firmicutes, Actinobacteria 

and Bacteroidetes were shared across tick species. 
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4  CHAPTER 4: Discussion 

Ticks transmit a wide diversity of pathogens to humans and animals compared to other vectors 

which has led tick–borne zoonosis to form a large proportion of emerging infections (Fritz, 2009; 

Parola and Raoult, 2001b, 2001a). Tick–borne zoonosis can therefore emerge in previously non-

endemic areas where factors favorable for their maintenance and transmission occur. Tick–borne 

zoonosis have also been report as a common cause of febrile illness globally (Cutler et al., 2017; 

Kulkarni et al., 2015). In the developing tropical and sub-tropical countries acute febrile illness is 

a common cause of hospital admission and death (Zerfu et al., 2018). In Kenya acute febrile illness 

is a common presentation in health care facilities although it is commonly attributed to malaria 

infections (Nyaoke et al., 2019; Whitty et al., 2008). In places where malaria was the main cause 

of fever improvement of malaria diagnosis and other control efforts have shown that most fevers 

are non-malaria (Bhatt et al., 2015; Maze et al., 2018). Making definitive diagnosis that can lead 

to appropriate treatment in acute febrile illness patients remains a challenge in many health care 

facilities in the tropics and sub-tropical regions (WHO, 2011). This challenge is due to the non-

specific presentation of a broad variety of conditions causing acute febrile illness and unavailability 

of diagnostic tests (Maze et al., 2018). Therefore understanding the epidemiology of causes of 

fever has important implications for management of febrile patients. 

This study aimed to ascertain the presence of tick–borne zoonosis pathogens, their importance as 

etiologies of acute febrile illness and the risk factors of tick–borne zoonosis infections in Kenya 

using molecular methods. Two multiplex real time PCR assays were optimized to test a panel of 8 

tick–borne zoonosis pathogens. In total 6,207 undifferentiated febrile illness patients from different 

geographical regions of Kenya were used for this study. Male (16.72%) and female (16.22%) 

patients had similar presentation to the study. The patients ranged 1 year to 80 years of age with a 
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median of 5 years. Data generated in this study demonstrate presence of tick–borne zoonosis 

pathogens that are potential etiologies of undifferentiated acute febrile illness in Kenya. 

Lack of multi pathogen diagnostics have been cited as a major limitation to surveillance efforts in 

Africa that has led to poor epidemiological information and a narrow list of differential diagnosis 

of infectious pathogens (Prasad et al., 2015).  As has been reported earlier, assay multiplexing 

simplifies workflow, is amenable to high throughput, conserves specimen volumes, reduces 

reagent costs and person time (Wang et al., 2014; Yu et al., 2012). In the present study, multiplex 

real time PCR assays were designed for 8 tick–borne zoonosis pathogens and thereafter used to 

evaluate their presence in clinical samples obtained from febrile illness patients. Real time PCR 

assays have gained popularity as a tool for detection of disease causing pathogens in clinical patient 

samples (Espy et al., 2006). These assays are limited by the quality of primers and probes used to 

target specific pathogens. The target primer and probe sequences must be unique in order to 

identify a specific organism and must be able to identify the organism with high efficiency and 

specificity in the specimen of interest.(Espy et al., 2006; Lemmon and Gardner, 2008). Homology 

search of databases such as National Center for Biotechnology Information (NCBI) can reveal 

cross-reactivity (Espy et al., 2006; Lemmon and Gardner, 2008). Primers and probes used in this 

study showed no cross reactivity by homology search of NCBI database. In addition, primer and 

probes were selected from published assays that had tested them against related organisms (Table 

1). 

Real time PCR instruments have limited number of signal acquisition channels, which limits the 

number of targets that can be multiplexed in an assay. Therefore, for the 8 pathogens, the 5 channel 

7500 Fast Real time PCR system (Applied Biosystems. Foster city CA USA) could only 

accommodate detection of 4 targets at a time because one channel is assigned a reference dye to 
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allow normalization of fluorescence. The two 4-plex assays performed as well as the single-plex 

assays qualifying them for simultaneous detection of four pathogens each in a sample. As shown 

in Figure 5, Bland – Altman pairwise comparison of the 2 assay formats shown small differences 

in threshold cycles.  

Many of the tick-borne bacteria targeted by the two 4-plex assays do not generate high bacteremia 

and have fastidious growth requirement in culture, thus making convectional diagnostic methods 

less sensitive and time consuming (Fenollar and Raoult, 2007). An assay that can detect low copies 

of bacterial DNA in samples during early stage of the infections is critical for early diagnosis and 

targeted treatment (Nilsson et al., 2010). The two 4-plex real time PCR assays have limit of 

detection of 1.80 gene copies for assay one and 18.45 gene copies for assay two. The copy number 

of the target gene in each of the tick–borne zoonosis tested was used to determine equivalent 

number of pathogens detectable by these assays. The optimized assays were robust with high 

linearity and efficiency and they can be used for detection of the 8 common tick–borne zoonosis 

pathogens. 

The overall prevalence of tick–borne zoonosis infections among the evaluated undifferentiated 

febrile illness patients was 16.38%. Earlier studies on tick-borne zoonosis in febrile illness patients 

have focused on specific pathogens using serological methods but the present study tested a panel 

of 8 tick-borne zoonosis pathogens using molecular methods (Heinrich et al., 2015; Mediannikov 

et al., 2010a; Thiga et al., 2015). As shown in Table 5, 6 and 7, prevalence of infections with 

Rickettsia spp. (7.8%) and that of Coxiella burnetii (6%), the causative agents of spotted fever and 

Q fever, respectively were more common than other tick-borne zoonosis pathogens. Prevalence of 

Rickettsia spp and Coxiella burnetii are similar to earlier reports of high sero-prevalence to spotted 

fever rickettsia (10%) and Coxiella burnetii (11%) among acute febrile illness patients in Kenya 
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(Lemtudo et al., 2021; Thiga et al., 2015). Borrelia spp. the causative agent of tick-borne relapsing 

fever (TBRF) was present in 4% of the patients tested. E. chaffeensis the causative agent of human 

monocytic ehrlichiosis was present in 4% of the patients tested. B. burgdoferi the causative agent 

of Lyme disease and A. phagocytophilum the causative agent of human granulocytic anaplasmosis 

were present in 1.5% of patients tested. Babesia spp. the causative agent of human babesiosis and 

Bartonella spp. the causative agent agents of bartonelosis were present in 1% and 0.2% of patients 

tested, respectively. Higher prevalence of Rickettsia spp. and Coxiella burnetii could be due to 

similar high prevalence in animals and ticks which are reservoirs and vectors in Kenya and 

therefore increasing risk of human infections for people living in close proximity with the animals. 

(Koka et al., 2017; Maina et al., 2014; Muema et al., 2017; Mutai et al., 2013). This is enhanced 

by frequent humans, domestic animals and wildlife direct and indirect contact in the country 

(Leeuw et al., 1991; Ottichilo et al., 2000). Humans living in close proximity with animals 

increases their chances of getting a tick bite that also bite animals leading to increased risk of tick–

borne zoonosis infections (Fischhoff et al., 2019). The prevalence of Borrelia spp. The agent that 

causes tick-borne relapsing fever was 4% which is similar to that reported among febrile children 

in Tanzania where tick-borne relapsing fever is endemic (Kisinza et al., 2003). This is supported 

by a report of house infestation with Ornithodorus spp. ticks which are vectors of tick-borne 

relapsing fever in Kenya and other East Africa countries (Walton, 1962). Although no recent cases 

of tick-borne relapsing fever have been reported in Kenya, tick-borne relapsing fever was reported 

in Meru County of Kenya six decades ago with case fatality rate of 8.1% (Bell, 1953). The present 

study shows there potential transmission of tick-borne relapsing fever with can lead to human 

infections in Kenya. There were two reported cases of Lyme disease caused by B. burgdoferi in 

Kenya after which no other reports have reported (Jowi and Gathua, 2005). The present study has 
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reported B. burgdoferi infections in Kenya with 1.5% prevalence. This finding is supported by 

recent report on high sero–prevalence (21%) of antibodies against Lyme disease caused by B. 

burgdoferi in acute febrile illness patients in Kenya (Nyataya et al., 2020). These findings confirm 

possible transmission of B. burgdoferi in Kenya.  

No human clinical case associated with A. phagocytophilum has been published in Africa although 

it has a worldwide distribution and high sero-prevalence in animals have been reported in Kenya 

and Morocco (Njiiri et al., 2015; Teshale et al., 2018; Khatat et al., 2016). This  present study, a 

prevalence of 1.5% is reported which, although low, is an indication of on-going A. 

phagocytophilum transmission in Kenya. This study has reported 3.1% prevalence of E. 

chaffeensis. This is the first report of human infections with E. chaffeensis in Kenya. Reports of 

Ehrlichia spp. infections in ticks and animals in Kenya exist underlining the risk of this tick–borne 

zoonosis in the country (Omondi et al., 2017; Oswe et al., 2018). Low (0.2%) prevalence of 

Bartonella spp. and Babesia spp. (1%) were observed showing low risk of infection to these two 

tick–borne zoonosis pathogens. This report is contrary to recent report of high prevalence of 

Bartonella species in rodent and other animals respectively in Kenya (Halliday et al., 2015; Liyai 

et al., 2021; Maamun et al., 2011; Omondi et al., 2017; Oswe et al., 2018).  

Although low tick–borne zoonosis prevalence was observed, the detection of the pathogen DNA 

suggests that these pathogens could be present and associated with febrile illness. Besides ability 

of  the multiplex real time PCR method to detect low copies of targeted pathogens, the timing of 

the sample collection after tick bites and start of an antibiotic treatment strongly affects the ability 

of pathogen detection (Jahfari et al., 2016). 

Although many of tick–borne zoonosis pathogens can be transmitted by the same tick species and 

infection with multiple pathogens can alter clinical sequelae (Swanson et al., 2006), risk of co-
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infections with tick-borne zoonosis pathogens is dependent on the prevalence of the pathogens in 

the tick vectors and/or antagonistic effect of one bacterium on to another when they co-exist in a 

tick vector. This effect can inhibit transmission of a second bacteria agent after a tick bite leading 

to frequent infections with single pathogens (Swanson et al., 2006; Levin and Fish, 2001). Majority 

of tick–borne zoonosis infections were mono-infections (84.3%) and declined progressively to 

13.7% for dual infections, and <1% for three or four pathogen infections (Table 8). Common co-

infections in this study were dual infections with C. burnetii and Rickettsia and Rickettsia with 

Borrelia (Table 8). This corroborates  high prevalence of Rickettsia and C. burnetii in animals and 

ticks in Kenya (Koka et al., 2018, 2017; Mutai et al., 2013).  

Unlike human diseases that are transmitted from person to person and those caused by genetic 

anomalies vector–borne diseases can be predicted from factors that impact presence of vectors and 

reservoirs carrying pathogens. Human behavior that impact the likelihood of being infected with 

these pathogens can also be used as predictive tool for getting vector-borne infections (Hofhuis et 

al., 2017). Risk of exposure to tick-borne infections can be determined by presence of tick and 

reservoirs infected with pathogens which is determined by climate and land use of a region. Human 

behavior and demographic characteristic determines whether a person will be exposed to a tick-

borne infection given entry into tick habitat or being in contact with animals infested by ticks 

(Fischhoff et al., 2019; Mahachi et al., 2020). The present study established patient age, gender, 

region of origin, contact with animals and a tick bite as potential risk factors for tick-borne zoonosis 

infection in Kenya. 

Risk factors for tick-borne zoonosis infections in this study that shown significant statistical 

association with tick-borne zoonosis infections were age, being in contact with sheep and 

geographical region of sample collection. Tick-borne zoonosis infections increased with increase 
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in age where patients older than 16 years had the highest percentage of tick-borne zoonosis 

infections followed by patients of 6 to 15 years old compared to patients who were less than 5 

years of age (Table 4 and 6). This finding is similar to earlier report of higher sero-positivity against 

Rickettsia and Q-fever in older people in Kenya (Thiga et al., 2015; Njeru et al., 2016). These 

findings suggest that human behavior and activities they are involved could be risk factors of tick-

borne zoonosis infections where young adults and older adults are likely to interact with animals 

leading to prolonged exposure to tick vectors more than children below 5 years old. These age 

categories are likely to be involved in livestock herding in the country an activity that increases 

their risk of encountering a tick bite (Roberts, 1996). Being in contact with goat, cow, dog, camel, 

pig, donkey duck and chicken shown no association with testing positive for a tick-borne zoonosis 

pathogen. As shown in Table 9, being in contact with sheep was associated with higher odds of a 

tick-borne zoonosis infection compared to patients with no contact with sheep. For example when 

specific tick-borne zoonosis pathogens were considered, contact with sheep compared to having 

no contact showed higher odds of being positive for Rickettsia spp. A study on ticks collected from 

domestic animals in Kenya showed up to 15 % prevalence of Rickettsia in tick collected from 

sheep suggesting that sheep act as reservoir for this pathogen (Mutai et al., 2013). This finding 

further corroborates an earlier report of 7.9% prevalence of Rickettsia infections in sheep from 

Tunisia (Belkahia et al., 2021). Contact with geese compared to having no contact showed higher 

odds of infections with B. burgdoferi and Babesia spp. while contact with cat showed higher odds 

of infections with Borrelia spp. compared to patients with no contact with a cat. It is noteworthy 

that Babesia spp. and B. burgdoferi share tick vectors thus contact with geese resulted in higher 

odd of infections with the two pathogens (Knapp and Rice, 2015; Anderson et al., 1986). Geese 

have been reported to be vertebrate reservoirs of Borrelia and Babesia spp and harbors ticks that 
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can transmit multiple pathogens including A. phagocytophilum, Babesia and Ehrlichia species 

(Jaenson and Wilhelmsson, 2019; Werther et al., 2017).  Contact with cat showed higher odds of 

infections with Borrelia spp. compared to having no contact with a cat, an indication that cats 

harbor tick vectors of Borrelia spp. as earlier reported (Lappin, 2018). This finding is supported 

by earlier reports of Borrelia species the causative agents of tick-borne relapsing fever in cats 

(Baneth et al., 2016). Cats spend substantial time outdoors as well as sharing shelter with human 

situations that are likely to increase their exposure to ticks and the pathogens they carry which can 

be transmitted to human therein (Duplaix et al., 2021). 

This study has reported higher tick-borne zoonosis pathogen infections in the urban cosmopolitan 

area of Eastleigh, Nairobi County compared to the Lake Victoria, Kisii highlands, semi-arid and 

coastal regions of Kenya. This is similar to an earlier report of high prevalence of Bartonella spp. 

in small mammals sampled from Kibera an urban informal settlement in Nairobi, Kenya (Halliday 

et al., 2015). These finding can be attributed to uncontrolled urban setting that promote 

environmental degradation and decreased biological diversity which can led to blooming of small 

mammals including rodents, shrews, dogs and cats that can serve as tick-borne zoonosis pathogen 

reservoirs (Costa et al., 2017). As a consequence urban settings has increased risk of human 

exposure to rodent-borne tick vectors and tick borne pathogens (Oechslin et al., 2017).  

Signs and symptoms reported by patients with tick-borne infections are non-specific with common 

reports of fever, chills, aches, pains and rashes vomiting (Krause et al., 2002). Therefore definitive 

clinical diagnosis of tick-borne infections can be challenging resulting in underreporting of these 

pathogens. In the present study, all patients had fever greater than 38 ⁰C. As shown in Table 11, 

other signs and symptoms reported and assessed were non-specific showing no significant 

statistical association with tick-borne infections. This finding indicates difficulties on clinical 
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diagnosis of tick-borne zoonosis infections in Kenya as reported elsewhere (Biggs et al., 2016). As 

shown in Table 11 and 12, a tick bite was associated with higher odds of tick-borne zoonosis 

infections, which can be used as a guide for differential diagnosis of tick-borne pathogen 

infections. This is supported by the fact that tick-borne zoonosis pathogens are transmitted to 

humans through a tick bite (Eisen, 2018). Ixodid ticks which are vectors of most tick-borne 

pathogens have attributes that enhance their vector capability such as feeding and attaching to the 

host for prolonged period of time (Parola and Raoult, 2001a). Their bite is usually painless and can 

go undetected for long period of time increasing the risk of tick-borne zoonosis pathogen 

transmission to the host (Parola and Raoult, 2001a). However some of these pathogens such as 

Coxiella burnetii can also be transmitted to humans through contaminated water, soil and animals 

products (Aslam et al., 2015; Dworkin et al., 2008). However it is worthy to note some of tick-

borne pathogens can also be transmitted to humans and animals by other vectors such as fleas, 

mites, and lice (Oguntomole et al., 2018). 

Presence of blood in stool was associated with higher odds of tick-borne zoonosis infections (Table 

11). This is similar to earlier reports of massive hemorrhage in the gastrointestinal tract in patients 

with Rickettsial disease (Middleton, 1978). Tick-borne zoonosis infection can be suspected when 

a patient reports blood in stool which can guide differential clinical diagnosis. Epileptic seizures, 

among other neurological disorders, have been reported in patients with Bartonella infections 

(Puligheddu et al., 2004; Stek et al., 2011). In this study having seizure was associated with higher 

odds of Bartonella spp infection suggesting undifferentiated acute febrile illness patients with 

seizure can be suspected of having Bartonella infection. Differential clinical diagnosis of tick-

borne zoonosis therefore is difficult especially in resource-limited regions where there is need for 

enhancement of laboratory capabilities (Prasad et al., 2015).  
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The present study presents a survey of bacterial communities associated with Rhipicephalus spp., 

Amblyomma spp. and Hyalomma spp. using 16s rRNA deep sequencing. The ticks were collected 

from domestic animals (cows, goats and sheep) at major slaughter houses in Nairobi and Mombasa. 

Ticks were collected from domestic animals presented for slaughter at the slaughterhouses between 

November, 2007 and September, 2008 as shown in Figure 3. These slaughterhouses receive 

animals from nearly all counties in the country. Animal movement 

permits issued by the local veterinarian from the animal’s area of origin were used to determine 

the animals’ county of origin. This study assumed ticks collected from the animals were due to 

tick infestation at place of origin. However, the animals could get infested with ticks on transit or 

at the slaughterhouse waiting yards limiting this study ability to report geographical distribution 

of bacteria detected in the ticks. Ticks were identified taxonomically using the standard taxonomic 

key (Estrada-peña et al., 2003). Ticks of the same species and from the same domestic animal were 

pooled together to form the tick pools.  

Ticks belonging to the three genera Rhipicephalus, Amblyomma, and Hyalomma have been 

reported to have affinity for humans and are vectors of multiple pathogens that cause diseases in 

human and animals that can pose serious threat to human and veterinary health (Parola and Raoult, 

2001a). In addition to pathogens, tick microbiota is composed of other microorganisms which are 

non-pathogenic such as commensals and mutualistic and have been reported to affect tick 

development and their capability for pathogen transmission (Bonnet et al., 2017; Couper and Swei, 

2018a; Narasimhan and Fikrig, 2015). Also the list of known and potential tick-borne pathogens 

is constantly increasing and includes viruses, protozoan and bacteria affecting human and animals 

globally (Bonnet et al., 2017). Therefore are broad pathogen detection that detect both known and 
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novel pathogens is very desirable for identification of all microbes present in the tick vectors 

(Miller et al., 2013).  

The advent of next-generation sequencing approaches has enabled rapid, highly parallel 

sequencing of diverse microbial communities (Duan et al., 2020; Motro and Moran-Gilad, 2017a). 

Targeting the highly-conserved 16S rRNA gene has facilitated characterizations of bacteria 

microbes present within vectors.  This technique involves amplification of the 16S rRNA gene, 

sample barcoding via PCR, loading samples onto a flow cell for sequencing, and bioinformatics 

approaches to match sequence data with those in databases like SILVA database (Klindworth et 

al., 2013a; Quast et al., 2013). This method is therefore suitable for charactering bacteria microbes 

in ticks allowing identification to genus level.  

The present study reports, a diverse array of bacterial communities detected in these tick samples 

of which 706 bacterial taxa were detected and identified to genus level with 528 detected in 

Amblyomma spp., 641 in Rhipicephalus spp. and 447 in Hyalomma spp. Bacterial genera detected 

in this study may comprise bacteria genera found internally and on exoskeleton of ticks. Tick 

samples used in this study were collected and preserved in absolute ethanol before nucleic acid 

extraction with no further tick surface sterilization. Previous studies have shown differences in 

bacterial communities between sodium hypochlorite surface sterilized ticks with and non-sterilized 

ticks (Menchaca et al., 2013) 

As shown in figure 7, the commonly identified bacteria belonged to the phylum Proteobacteria, 

Firmicutes, Bacteroidetes and Actinobacteria. Proteobacteria was the most abundant phylum 

accounting for 61.2% of the total sequences and 33.3% of the 645 unique OTUs. The phylum 

comprises of Gram negative bacteria and contains genera of most known pathogenic bacteria to 

humans and animals (Gupta, 2000). Dominance of Proteobacteria phylum reported in this study 
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agrees with previous studies of ticks collected from elsewhere that reported high dominance of 

Proteobacteria phylum (Thapa et al., 2019; Treuren et al., 2015). However, most of these studies 

have been reported in western countries where Lyme disease is a serious public health problem 

with scarce reports of tick microbiome in African countries (Bonnet et al., 2017; Chandra et al., 

2021; Brinkerhoff et al., 2020; Thapa et al., 2019; Treuren et al., 2015)   Firmicutes phylum that 

majorly comprise of Gram-positive bacteria were second abundant with 15.9% of the sequences. 

Previous studies of tick microbiome have reported Firmicutes as second abundance phylum after 

Proteobacteria and they are also found in different environments and includes notable pathogens 

(Govil et al., 2021; Kisten et al., 2021; Segura et al., 2020; Varela-Stokes et al., 2017). Other less 

abundant phyla detected includes Fusobacteria, TM7 (Saccharibacteria), Verrucomicrobia, 

Acidobacteria, Deinococcus-Thermus, Planctomycetes, Chloroflexi, OD1 (Parcubacteria), 

Tenericutes, Gemmatimonadetes, Armatimonadetes, Spirochaetes, Aquificae, SR1 

(Absconditabacteria), Lentisphaerae, BRC1, Chlamydiae, Nitrospira, Chlorobi, Synergistetes, 

Fibrobacteres, WS3 and Elusimicrobia. This finding corroborates other tick microbiome studies 

that have reported these phylum to be the most common (Chandra et al., 2021; Segura and de Juan, 

1966; Thapa et al., 2019).  

As shown in Table 13, Coxiella was the most abundant genera comprising of 41.8 % of the 

sequences and 33.3 % of the 645 OTUs. This finding is similar to earlier reports on tick microbiome 

studies that reported Coxiella to dominate tick microbiome (Clay and Fuqua, 2010; Brinkerhoff et 

al., 2020). Coxiella was present in all tick genera accessed in this study. Hard and soft ticks 

including Amblyomma, Hyalomma and Rhipicephalus species have been documented to harbor c. 

burnetii the causative agent of Q fever (Cooper et al., 2013; Khoo et al., 2016; Mediannikov et al., 

2010b). Mainly human infections with C. burnetii are due to contact with infected body fluids and 
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products of infected animals via the inhalation of contaminated aerosols, high prevalence of C. 

burnetii in ticks in endemic regions indicate a role for ticks in the epidemiology of Q fever. 

 Rickettsia was present in Hyalomma ticks at lower than 0.1 relative abundance which we used as 

our cut-off to plot the abundance. Our earlier report showed 35.9 % of Rickettsia infection in 

Hyalomma ticks by PCR ( Mutai et al., 2013). This finding could be due to less sensitivity of 16s 

rRNA metagenomics using next generation sequencing in detection of pathogens compared to 

target specific PCR (Prachayangprecha et al., 2014; Thorburn et al., 2015). Due to insufficient 

resolution for species delimitation with the short fragment of 16s rRNA (v3-v4 variable region) 

used in this study, it was not possible to determine whether the Coxiella, Francisella and Rickettsia 

identified are Coxiella-like endosymbionts, Francisella-like endosymbionts and Rickettsia –like 

endosymbionts respectively. However our earlier report shown high prevalence of Rickettsia spp 

in ticks which were identified as Rickettsia africae, R. aeschlimannii, R. mongolotimonae, R. 

conorii subsp. israelensis), Candidatus Rickettsia kulagini, and Rickettsia spp (Kimita et al., 2016; 

Mutai et al., 2013). Other bacteria genera with high relative abundance (>1) identified in ticks 

included  Corynebacterium, Acinetobacter, Staphylococcus, Bacillus, Porphyromonas, Ralstonia, 

Streptococcus, Moraxella, Cloacibacterium, Neisseria, Escherichia_Shigella, Proteus which are 

made up of both potentially pathogenic and nonpathogenic bacteria species. Corynebacterium the 

second most abundant genus belongs to phyla Actinobacteria and is widely distributed in nature as 

part of animal and human microbiota. Corynebacterium commonly exists in commensal 

relationship with the host while Corynebacterium diphtheria causes human infections. As shown 

in Figure 8, bacteria genera, Staphylococcus, Klebsiella, Acitenobacter and Psuedomonas 

(ESKAPE) that have species grouped as pathogens with high rates of antibiotic resistance were 

identified in the ticks (Santajit and Indrawattana, 2016). Ticks may therefore not only act as vectors 
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of pathogens but also as reservoirs for dissemination of antimicrobial resistance genes to 

pathogenic bacteria. As shown in table 1, other bacteria genera of potential medical relevance were 

presence in ticks though in relative abundance of less than 0.1 including Burkhoderia, Klebsiella, 

Escherichia-Shegella, Achromobacter, Rickettsia, Haemophilus, Legionella, Campylobacter, 

Treponema, Francisella, Anaplasma, Elizabethkingia, Mycoplasma, Ehrlichia, Bordetella, Vibrio, 

Borrelia and Brucella. This study has therefore reported an array of bacteria genera similar to other 

previous studies globally with the potential of transmission to human. (Ahantarig et al., 2013; 

Saldaña et al., 2017; Taylor et al., 2012). In this study, commonly tick endosymbionts reported as 

part of tick microbiome elsewhere including Midichloria mitochloria, Wolbachia spp, and 

Neoehrlichia spp were not identified (Ahantarig et al., 2013; Hoffmann et al., 2021; Saldaña et al., 

2017; Thapa et al., 2019). 

In summary, more than 15 new tick-borne bacterial diseases have been described in the world in 

places they were previously unknown or re-emerging in areas that had reported significant declined 

incidences and an increase in their geographical range (Rochlin and Toledo, 2020). Several factors 

have been reported to drive this emergence and re-emergence of these pathogens including human 

behavior, globalization, and change in land use, climate change, tick and tick-borne pathogen 

evolution. Therefore tick-borne disease prevalence, risk factors and transmission pattern are 

important public health issue in any part of the world. For any country to control these emerging 

diseases, tick population control as well as detection and treatment of infections by pathogens they 

transmit are imperative. Healthcare workers should be aware of signs and symptoms of tick-borne 

pathogens infections to reduce morbidity and mortality among the patients. Advance in molecular 

techniques for pathogens detection have facilitated detection of these pathogens globally and this 

capability should be enhance in health facilities in the country. Tick-borne bacterial infections are 
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easily treatable by use of antibiotics if detected early in the illness by can be fatal if there are delays 

in diagnosis and treatment. Tick-borne infections in humans can easily be prevented by avoiding 

contact with tick infested animals and areas. In Kenya animal keeping is very common and 

avoiding contact with tick infested animals and areas may not be possible. However, tick bites can 

be prevented by use of repellants or wearing protective clothing which has been effective elsewhere 

(Fritz, 2009). 

Also, understanding the composition of tick microbiome will not only led to identification of 

pathogens of veterinary and human health relevance but also how it may impact transmission and 

maintenance of pathogens. Additionally understanding of the tick microbial composition will add 

knowledge on how manipulation of the microbial community may serve as an avenue for tick or 

pathogen control (Narasimhan and Fikrig, 2015; Varela-Stokes et al., 2017). Interestingly, 

Wolbachia spp. and Candidatus Midichloria mitochondrii endosymbionts that are reported as part 

of tick microbiome in other studies were absent in ticks from domestic animals in Kenya (Taylor 

et al., 2012). This is worth noting as use of endosymbionts is gaining popularity in new approaches 

to control ticks and tick borne pathogens. 

One limitation of the present study is the lack of confirmed tick-borne zoonosis positive or negative 

clinical samples for evaluation of analytical sensitivity of the two multiplex assays. These assays 

were used for detection of pathogen DNA in patient samples which is indicative of an infection 

that can cause febrile illness. Because clinical samples have complex sample matrix, analytical 

sensitivities based on artificial plasmids could differ from those of vectors, patients or other 

reservoir hosts.  

Secondly, the v3-v4 variable region of 16s rRNA used in detection of bacteria community in ticks 

is 460 base pairs with insufficient resolution of taxa detected to species. The length of the 
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nucleotide sequence size is determined by the NGS sequencing platform. The Miseq (Illumina, CA 

USA) used in this study allows pair end sequencing of up to 300 base pair  compared to other 

technologies that sequence shorted fragments. Therefore bacteria detected in ticks collected from 

domestic animals in Kenya were classified to genus level.  
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5 CHAPTER 5: Conclusions and Recommendations 

5.1  Conclusions 

1. The duo 4-plex qPCR assays that were optimized and used in the present study can 

simultaneously detect 4 tick-borne pathogens per assay. The assays showed high precision 

and PCR efficiency and could detected low copies of targeted pathogens. The assays 

identified eight targeted tick-borne zoonosis pathogens in samples collected from patients 

with undifferentiated febrile illness from different regions of Kenya at a prevalence of 16.4 

%. These pathogens are neither routinely diagnosed in hospitals in Kenya nor are they in the 

differential diagnosis list, in patients with febrile illnesses. This demonstrates that tick-borne 

zoonosis pathogens are present in some acute febrile illness patients in Kenya. 

2. Risk factors for tick-borne zoonosis pathogen infections in Kenya include age, animal contact 

and residing in urban region. Patients aged six years and older had higher prevalence of tick-

borne zoonosis infections compared to patients less than 6 years. Patients residing in urban 

region of Eastleigh in Nairobi County had higher prevalence of tick-borne zoonosis 

infections compared to other regions accessed. This is presumably because older people look 

after animals and uncontrolled urban environment encourages blooming of small mammals 

that act as pathogen reservoirs that can be transmitted to humans. 

3. Clinical symptoms such as headache, muscle pain and joint pain are non-descriptive for tick-

borne zoonosis infections and are similar to malaria symptoms making clinical diagnosis 

difficult. However having a tick bites was associated with higher odds of tick-borne zoonosis 

infection and can be regarded as an indicator of tick-borne zoonosis infection in acute febrile 

illness patients. 
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4. Ambloyomma spp., Hylomma spp., and Rhipicephalus spp. ticks collected from Domestic 

animals including cattle, sheep and goats in Kenya harbor a wide array of bacterial 

community which includes genera of medical relevance posing a risk of tick-borne pathogens 

transmission between domestic animals and humans. Proteobacteria is the most dominant 

bacteria phyla and Coxiella is the most dominant bacterial genus in ticks infesting domestic 

animals in the country. These findings suggest Kenyan ticks could serve as reservoirs and/or 

vectors for tick borne pathogens. 

5.2  Recommendations 

The present study has shown presence of tick-borne zoonosis pathogens in acute febrile illness and 

ticks collected from domestic animals from different regions in Kenya. There is therefore risk of 

infections with tick-borne zoonosis pathogens that maybe etiology of undifferentiated acute febrile 

illness in the country. For holistic knowledge on tick-borne zoonosis in Kenya this study 

recommends that:  

1. Tick-borne zoonosis pathogens as etiologies of acute febrile illness in Kenya and therefore 

should be considered in the differential diagnosis and diagnostic capability be established. 

2. Future investigations of tick-borne zoonosis pathogens in Kenya should include 

identification of other tick-borne zoonosis vectors including fleas, mites, lice and reservoirs, 

which will inform control strategies. 

3. Molecular laboratory capability for diagnosis of tick-borne zoonosis pathogens should be 

enhanced for early detection and appropriate treatment in Kenya 

4. Tick control strategies in Kenya should focus not only on veterinary health but also human 

health with a multi-sectorial one health approach to include animal, human and 

environmental elements.  
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7 CHAPTER 7: Appendices 

7.1 Appendix 1: The Kenya Medical Research Institute, Nairobi (KEMRI SERU/SSC # 

1282) and The Walter Reed Army Research Institute human use research committee, 

Silver Spring, Maryland USA (WRAIR # 1402)  
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7.2 Appendix 2: Authorization for use of archived samples 
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7.3 Appendix 3: Consent and Assent forms 
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7.4  Appendix 4: KEMRI SERU/SSC Animal use committee approval (SERU/SSC # 

1248) 
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7.5 Appendix 5: Case report form for demographical and clinical data collected for acute 

febrile illness patients recruited to the study 

Name of Interviewer _________________ 

Acute Febrile Illness Study Number __________________ 

1. Sample Collection date ___________________ (Day/month/year) 

2. Gender: Male         Female          

3. Age: _________Years _________Months_____________________ 

4. Where do you or your child reside? 

5. Village: _________________District:_______________Province:_______________ 

6. How long have you or your child resided in this location? _______years 

____Months_____ 

7. Where have you or your child resided in the last 5 days? (Check one) 

• City or Village of residence _____________  

• In Kenya, but not in your residence, where? _____________  

• Outside Kenya, where? __________________  

o Have you or your child traveler outside your usual residence?______ How 

many times in the last two months: ___ 

8. For how  long ago: Less than 2 weeks    2-4 weeks              1-2 months    

9.  What is your occupation (For adults): ____________________________________ 

10. Where do you go to school (For school going children): _______________________ 

11. Have you or your child come in close contact with any of these animals?  

 

• Poultry 

o Geese          Ducks     Chickens        Other birds: ____________ 

 

• Mammals 
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o Goats           Pigs        Cows        Donkeys       Other 

Animals:____________________ 

12. CURRENT ILLNESS 

Why did you (your child) come to the hospital?  

___________________________________ 

Did you (your child) have any of the following signs and symptoms? (Tick where 

appropriate) 

Headache Yes_________ No_____ 

Chills Yes_________ No_____ 

Cough Yes_________ No_____ 

Difficulty in breathing Yes_________ No_____ 

Sore throat Yes_________ No_____ 

Running nose Yes_________ No_____ 

Painful eyes Yes_________ No_____ 

Seizures Yes_________ No_____ 

Tick bite Yes_________ No_____ 

Abdominal pain Yes_________ No_____ 

Vomiting Yes_________ No_____ 

Diarrhea Yes_________ No_____ 

Blood in stool Yes_________ No_____ 

Bleeding Yes_________ No_____ 

Bruising Yes_________ No_____ 

Body rash Yes_________ No_____ 

Joint pain Yes_________ No_____ 

Muscle pain Yes_________ No_____ 

Dark urine Yes_________ No_____ 

Jaundice Yes_________ No_____ 

 

13. Have you or your child have other signs and symptoms that we have not mentioned? 

_________________________________ If any bleeding, where is or was the bleeding?: 

(N/A, Gums, Nose, Injection Sites, mouth) ____________ 

14. For how many days have you or your child been sick? _____________ 

• When did the sickness start? ______________ 

15. How many days of work have you missed or how many school days have your child 

missed:___________ 

16. Is there anyone else you know with similar illness, signs or symptoms? Yes         No 

• Who (husband, sister schoolmate, etc.):______________ when did they become 

ill___________ 
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• Who (husband, sister schoolmate, etc.):______________ when did they become 

ill___________ 

• Who (husband, sister schoolmate, etc.):______________ when did they become 

ill___________ 

17. If taken what was your temperature when you came to hospital? ___________oC 

18. Interviewer to record diagnosis by the MOH provider: 

________________________________________________________________________ 

________________________________________________________________________ 

19. Interviewer to record treatment prescribed by MOH provider:  

_____________________________________________________________________ 

__________________________________________________________________ 
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7.6 Appendix 6 : Turnitin Anti-plagiarism report 
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