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ATBF: African tick bite fever 
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TBDs: tick-borne diseases 
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18S rRNA: component of the small subunit of the ribosomal ribonucleic acid 
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General introduction 

 Ticks transmit a large variety of pathogens to animals as well as human, 

causing harmful infections referred to as tick-borne diseases (TBDs). In Africa, the 

TBDs of veterinary and public health importance include babesiosis, theileriosis 

anaplasmosis and zoonotic Spotted fever group (SFG) ricketsioses. 

Babesiosis, theileriosis and anaplasmosis are TBDs of cattle. Babesiosis and 

theileriosis are caused by the protozoan parasites, Babesia and Theileria, 

respectively, while anaplasmosis is caused by rickettsial organism known as 

Anaplasma. In Africa, bovine Babesiosis is caused by Babesia bovis and Babesia 

bigemina and the disease is transmitted by Rhipicephalus ticks (13). Though, B. 

bigemina is more widespread, B. bovis infection is the most critical and fatal due to 

its neurological symptoms (113). 

Bovine theileriosis is another tick-borne disease found in many African 

countries. Tropical theileriosis and East Coast fever (ECF) are the most severe forms 

of the disease. Tropical theileriosis caused by Theileria annulata and transmitted by 

Hyalomma ticks is distributed in Northern Africa. ECF is probably the most 

important tick-borne disease in Eastern, Central and Southern Africa. The disease is 

caused by Theileria parva and transmitted mainly by Rhipicephalus appendiculatus. 

Theileria parva natural host is the African Cape buffalo (Syncerus caffer), which 
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serves as source of infection for cattle. Some variants of the parasite are transmitted 

solely from buffalo to cattle whereas others can spread from cattle to cattle. The 

other Theileria species reported in Africa are T. mutans, T. taurotragi, T. 

sergenti/buffeli/orientalis (referred to as T. orientalis complex) and T. velifera. 

These species are considered to be either less pathogenic or nonpathogenic, and only 

cause benign, moderate to asymptomatic theileriosis (45). For bovine anaplasmosis, 

Anaplasma marginale is one of the causative agents and this pathogen is transmitted 

biologically by approximately twenty tick species, and mechanically by biting flies 

and blood-contaminated fomites (55). 

Babesia bovis, B. bigemina, T. parva, T. annulata and A. marginale cause 

mortalities and morbidities leading to losses in production of milk, meat, and other 

livestock by-products. Control measures directed to these pathogens are costly. In 

addition, because of these pathogens, farmers are reluctant to adopt highly 

productive exotic breeds as they are more susceptible to clinical infections than 

indigenous breeds. Consequently, they cause severe economic losses to livestock 

farmers involved in dairy and beef production in tropical and sub-tropical regions 

(44). 

SFG rickettsioses are febrile illnesses caused by obligate, intracellular, gram 

negative bacteria that are transmitted to human by tick bite and known as SFG 
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rickettsiae. Although, animals can be infected with SFG rickettsiae, in contrast to 

humans, they are asymptomatic carriers and therefore serve as reservoir for ticks to 

acquire and transmit the bacteria. In Africa, nine SFG rickettsiae, namely Rickettsia 

africae, R. conorii, R. sibirica mongolitimonae, R. slovaca, R. helvetica, R. 

aeschlimannii, R. massiliae, R. monacensis and R. raoultii are considered to be 

human pathogens (16). Rickettsia africae, particularly is an emerging public health 

problem in rural areas in Africa. The bacteria is harbored by ticks feeding on 

livestock and causes African tick bite fever (ATBF) (50, 97) which is one of the most 

common causes of flu-like illness in international travelers to sub-Saharan Africa 

(42).  

In spite of extensive researches and increasing body of knowledge on the 

aforementioned TBDs of cattle, there are no fully safe and effective vaccines (38, 45, 

55, 107). Currently, assessment of pathogen prevalence, genotypes and risk factors 

such as animal species, breed, age, and ticks vectors are the key elements for 

effective control. With regard to zoonotic rickettsioses, although effective drugs exist, 

their usage requires the identification of the disease. SFG rickettsioses symptoms 

which include fever, headache, myalgia, eschars, rash, and lymphadenopathy, are not 

observed in all patients, and even completely absent in some cases (31, 42, 43). The 

broad range of symptoms makes the diagnosis difficult and misdiagnosis with other 
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febrile tropical diseases often occurs. Reports of SFG rickettsiae occurrence in the 

area visited by a febrile patient is important information for the diagnosis and 

effective treatment of the disease. Thus, the identification and molecular 

characterization of B. bigemina, B. bovis, Theileria species, A. marginale and SFG 

ricketsiae occurring in particular geographic area is a prerequisite for risk level 

evaluation and choosing appropriate strategies for the control and prevention of 

related diseases. Unfortunately, adequate information on pathogens genotypes or 

even knowledge on their molecular epidemiology are lacking in many African 

countries including Egypt, Kenya and Benin (Figure 1), because of limited resources 

for performing molecular-based studies. 

Therefore, given this general background, the overall objective of this study 

was to improve the understanding of the epidemiology of babesiosis, theileriosis, 

anaplasmosis and SFG rickettsioses in Africa by using molecular biology tools to 

detect their etiological agents, analyze their prevalence in Egypt (Chapter 1), Kenya 

(Chapter 2) and Benin (Chapter 3); assess the genetic diversity and establish the 

phylogenies of these pathogens in relation to other regions of the world (Chapter 4). 
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Figure 1. Map of Africa showing the countries in which this study was carried 

out. 
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Chapter 1 

 

Molecular detection of Babesia bovis, Babesia bigemina, Anaplasma 

marginale and SFG Rickettsia species in cattle and water buffalos 

blood samples collected in Egypt  

 

1.1 Introduction  

Babesia bovis, Babesia bigemina, Theileria annulata, Anaplasma marginale 

and SFG Rickettsia species are endemic in Egypt. Although several studies have 

identified these pathogens in cattle (98, 24, 25, 26, 39, 80), water buffalos (Bubalis 

bubalis) (26, 62, 61), or ticks (1, 2, 23, 58), some features of the epidemiology of 

these pathogens have not yet been investigated. In particular, the characteristics of B. 

bovis, B. bigemina and A. marginale infections occurring in small-scale dairy farms 

and the situation of dairy animals with regards to SFG Rickettsia spp. infections 

remain poorly understood.  

An epidemiological survey using molecular approach and including the 

livestock species used by Egyptian small holders will therefore provide highly 

desirable information for adequate control and prevention of babesiosis, 

anaplasmosis and SFG rickettsiosis in Egypt. The present study aimed to investigate 
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the prevalence of B. bigemina, B. bovis, A. marginale and SFG Rickettsia species 

infections in cattle and water buffalos in Beheira and Faiyum Provinces of Egypt 

through a cross sectional survey based on species-specific nested PCR (nPCR).  
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1.2 Materials and methods  

1.2.1 Study areas and blood samples collection 

A total of 247 blood samples from randomly selected Friesian Holstein 

cross-bred cattle (n=151) and water buffalos (n=96) were collected from open public 

markets in Beheira and Faiyum Provinces (Figure 2), respectively. The sampling was 

carried out during January-July, 2011. Beheira Province lies north to Cairo between 

31° North latitude and 30° East longitude whereas Faiyum Province lies south to 

Cairo between 29° North latitude and 30° East longitude. The climate in Beheira is 

humid, warm and rainy while in Faiyum it is drier, hotter with less rain.  

The cattle and water buffalos of this study belong to small-scale dairy 

farmers. The animals are usually moved to fields in daytime and returned back to 

farmer's stables in the evening. Cattle from 4 to 8 years old were divided into two 

groups based on their age; young (less than 5 years) and aged (5-8 years). Water 

buffalos from 5 to 10 years old were divided into two groups based on their age; 

young (5-7 years) and aged (8-10 years). Based on their body temperature at the 

sampling time cattle were divided into two groups: fevered and normal. The blood 

samples were collected from the jugular vein of individual cattle or water buffalo in 

EDTA-vacutainer tubes (Venoject, Terumo, Belgium), transported on ice to the 

laboratory and stored at -20 °C prior to DNA extraction. 
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1.2.2 Extraction of genomic DNAs 

The genomic DNA was extracted from the whole blood using a commercial 

kit (QIAamp DNA Blood Mini-Kit, Germany) according to the manufacturer’s 

instructions. The extracted DNA samples were transported to the National Research 

Center for Protozoan diseases in Obihiro, Japan, where they were stored at -30 °C 

pending further genetic analysis.  

 

1.2.3 Detection of tick-borne pathogens  

Specific primers targeting B. bovis spherical body protein-4 (SBP-4), B. 

bigemina rhoptry-associated protein-1a (RAP-1a) and A. marginale major surface 

protein 5 (Msp5) genes were used to amplify the respective genes by using 

previously described nPCRs (14, 109, 112, 118). The detection of SFG rickettsiae 

was performed using a PCR assay that amplifies Rickettsia species 16S rDNA (Table 

1) (64). 

Initial PCR amplifications were done in a 10 μl -reaction mixture having 1 μl 

of DNA template, 1 μl (10 μM) of each primers, 1 μl of 10x Ex buffer, 1 μl of dNTP 

(200 μM each), 0.1 μl of Ex Taq polymerase (Takara, Japan) and 4.9 μl of double 

distilled water (DDW). A second PCR was done using 1 μl of DNA template 

obtained from the first PCR amplification. Primers and thermocycling conditions 
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were as described in referenced papers (Table 1) except for A. marginale and SFG 

rickettsiae. For A. marginale, the thermocycling conditions were changed to a 

touchdown PCR and for SFG rickettsiae the PCR conditions were as follow: initial 

denaturation (5 min, 95 °C) followed by 35 cycles of denaturation (1 min, 94 °C) 

annealing (1 min, 56 °C) and extension (1 min, 72 °C) then a final extension step (10 

min, 72 °C). The following samples were used as positive controls; DNAs of B. 

bigemina and B. bovis (112); DNA of Rickettsia africae isolated from Amblyomma 

variegatum collected in Tororo district, Uganda (78) and A.marginale-Msp5 plasmid 

(118). DDW was used as a negative control. The PCR products of each of the assays 

were electrophoresed on a 2% FastGene agarose gel (Nippon Genetics, Japan), 

which was subsequently stained in ethidium bromide solution (Nacalai tesque, 

Japan). PCR results were visualized and photographed under UV transilluminater 

(Printgraph AE- 6905CF, Atto, Japan) and samples showing bands of the expected 

size were declared positive. 

 

1.2.4 Statistical analysis 

For each of the pathogens detected, the proportions of DNA samples positive 

per study area and the confidence intervals were computed employing the EPI 

INFO™ software (CDC, USA, version 7.1.1). The chi-square test was used to 
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evaluate the differences of infection rate in animals of different age and health status 

using SPSS version 11 (SPSS Inc., USA). Statistically significant differences were 

determined at P<0.05. 
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1.3 Results  

Detection of tick borne pathogens in cattle and water buffalos 

  A total of 247 blood samples collected from water buffalos and crossbred 

cattle belonging to small scale farmers were tested for B. bovis, B. bigemina, A. 

marginale and SFG Rickettsia species using molecular assays. Babesia bovis, B. 

bigemina and A. marginale were identified in 10 (4.1%), 18 (7.3%) and 25 (10.1%) 

samples, respectively, whereas SFG Rickettsia species were not identified in the 

samples. Babesia bigemina (5.3%) was the most prevalent hemoparasite in cattle 

samples whereas in water buffalos samples, the most frequent was A. marginale 

(20.8%) (Table 2). Statistically significant (P<0.05) difference was observed for A. 

marginale prevalence in the two animal species. Most of the positive samples were 

infected with only one pathogen. Mixed infections were observed only among 

water buffalos and included one case of co-infection with B. bigemina and B. bovis, 

and 3 cases of B. bigemina - A. marginale co-infection. Based on the results 

obtained, the confidence interval of the prevalence of B. bovis in Beheira cattle and 

Faiyum water buffalos under small-scale dairy farming is 1.5–8.4% and 1.1–

10.3%, respectively, whereas for B. bigemina is 2.3–10.2% and 5.1–18.3%, 

respectively. For A. marginale, the prevalence is 1.1–7.6% and 13.2–30.3% in 

Beheira cattle and Faiyum water buffalos, respectively.  
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Assessment of relationship between ages, health status and infection level 

 To further understand the epidemiology of babesiosis in the study areas, the 

prevalences of Babesia spp. and A. marginale on the basis of the age and health 

status were assessed. B. bigemina prevalence in aged water buffalos (8–10 years) 

was significantly higher than observed in the young (5–7 years) (11.3% versus 

6.3%). Moreover, chi square values indicated that the prevalence of B. bigemina was 

significantly (P<0.05) higher in fevered cattle (9.7%) compared to normal healthy 

cattle (4.2%). None of the cattle detected with B. bovis and none of the Babesia spp. 

or A. marginale-infected water buffalos were having fever at the sampling time. 
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1.4 Discussion  

In Egypt, water buffalos and crossbred cattle (Egyptian Native cattle breed x 

Holstein-Friesian) are important in strategies for improvement of milk and meat 

production (61). The current study provides additional information of the 

epidemiology of B. bovis, B. bigemina and A. marginale in these two types of 

livestock under small scale farming and assesses their potential as reservoirs for SFG 

Rickettsia species. Except for SFG rickettsiae, all the tick-borne pathogens 

mentioned above were detected in the samples. Overall prevalence of B. bigemina 

and B. bovis were not significantly different (P>0.05). However, B. bigemina 

infection seemed to be slightly more frequent in accordance with previous works 

noting that in Africa B. bigemina is more prevalent than B. bovis due to the tick 

distribution (117). In Mediterranean countries like Egypt, Rhipicephalus (Boophilus) 

annulatus is known to be the most prevalent tick and the main vector transmitting B. 

bigemina and B. bovis (2, 24, 41). Since Adham et al. reported that prevalence of B. 

bigemina is higher than B. bovis in R. annulatus (2), the absence of significant 

difference of prevalence between the two parasites in this study may be due to 

sampling time, season, and geographic location. Relating to animal species, water 

buffalos from Faiyum had higher infection rates (for B. bigemina (P>0.05), B. bovis 

(P>0.05) and A. marginale (P<0.05)) than cattle from Beheira. Conversely, previous 
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studies in Egypt (26) and Thailand (112) reported that tick-borne hemoparasites 

prevalence in water buffalos is generally lower than in cattle. According to Terkawi 

et al. water buffalos spend much of their time submerged in muddy waters what 

could reduce tick infestation (112). Hence, the prevalence observed in Faiyum water 

buffalos might be explained by the habitat in which they live. The prevalence 

recorded in cattle in this study is consistent with the earlier epidemiological 

investigations of B. bigemina and B. bovis infections in Egypt (25, 26, 80) and in 

other Mediterranean countries (59, 109). In regard to water buffalos, infection rates 

recorded are comparable to those reported in Menoufia province, Egypt (26) and in 

Thailand (112) . However, in Argentina Ferreri et al. detected higher infection rate 

for B. bovis in water buffalos living in a Rhipicephalus microplus-endemic area (29). 

For A. marginale, the prevalence in Beheira cattle is lower than observed in Dakahlia 

Governorate, Egypt (25) and the prevalence in Faiyum water buffalos is higher than 

the figures reported in northern Brazil (7). Tick distribution, micro-climate pattern, 

breeds, farm management and the sampling condition may explain the fluctuation of 

prevalence between countries. The results of this study suggest that investigations on 

management practices, ticks distribution, tick infestation level in Egyptian cattle and 

water buffalos are needed to further understand exposure to infection.  

The findings regarding the risk factors associated with Babesia spp. 
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infections were in agreement with previous studies: Terkawi et al. reported that aged 

animal was associated with increased Babesia spp. prevalence in Syrian cattle (109) 

and Safieldin et al. showed that fever had a strong relationship with the occurrence 

of Babesia infection in Sudanese dairy cattle (101). Despite the detection of Babesia 

and Anaplasma parasites in the circulating blood suggesting an ongoing infection, 

some of the cattle and all the water buffalos did not show any clinical signs. The 

absence of fever in infected cattle is probably due to low parasitemias and may 

indicate subclinical infections or carrier state. Subclinical infections with A. 

marginale have also been reported in Holstein Friesian cattle from Dakahlia 

Governorate, Egypt (25). In regard to water buffalos, similar asymptomatic 

infections have been observed in Sharkia Province, Egypt (61), in Argentina (29) and 

in Thailand (112). According to Mahmmod the clinical symptoms of B. 

bovis-infected water buffalos are rare and less severe than those of B. bovis-infected 

cattle (61). One the other hand, clinical anaplasmosis do not occur in water buffalos 

(55). My results compiled with previous reports (29, 55, 61) indicate that Egyptian 

water buffalos may serve as unapparent carrier of Babesia spp. and A. marginale and 

are therefore a potential source of infection for ticks and cattle. Thus, water buffalos 

should be included in the strategies to control bovine babesiosis and anaplasmosis.  

In conclusion, this study provided information on the prevalence and risk 
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factors of bovine babesiosis and anaplasmosis with regard to cattle and water 

buffalos reared by Egyptian small scale farmers. The current data is valuable for the 

control and prevention of these diseases in Egypt. 
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1.5 Summary 

In order to determine the molecular prevalence of B. bigemina, B. bovis, A. 

marginale and SFG Rickettsia species a total of 247 blood samples were collected 

from cattle and water buffalos in Beheira and Faiyum Provinces in Egypt and 

examined by standard and nPCR. Except for SFG rickettsiae, all the tick-borne 

pathogens mentioned above were detected in the samples. In cattle, the prevalence of 

B. bovis, B. bigemina, and A. marginale was 4.0%, 5.3% and 3.3%, respectively, 

whereas those of water buffalos were 4.2%, 10.4% and 20.8%, respectively. B. 

bigemina prevalence in aged water buffalos (8–10 years) was significantly higher 

than observed in the young (5–7 years) (11.3% versus 6.3%). Among the cattle 

examined, around 10% of the samples were infected with B. bigemina and showed 

fever whereas 4% were healthy but positive for the parasite. In contrast, all the water 

buffalos in this study were clinically healthy although they were positive to tick-

borne hemoparasites. Taken together, these results indicate that water buffalos are 

important reservoir of tick-borne pathogens, and may act as source of infection for 

cattle. Therefore, water buffalos should be included in strategies for controlling 

babesiosis and anaplasmosis in Egypt. 
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Figure 2. Map of sampling area. Blood samples were collected from cattle in Beheira and 

water buffalo in Faiyum Provinces, Egypt.  
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Chapter 2 

 

Molecular detection of Babesia bovis, Babesia bigemina, Theileria 

species, Anaplasma marginale and SFG Rickettsia species in cattle 

blood samples collected in Kenya 

 

2.1 Introduction  

Theileriosis, anaplasmosis, babesiosis and zoonotic rickettsiosis are among 

the most important tick-borne diseases in Kenya. Theileriosis, anaplasmosis and 

babesiosis account for economic losses in the dairy and beef industries (47, 75, 116) 

while SFG rickettsioses is a growing health problem among travelers to Kenya (99, 

119). The diagnosis of tick-borne hemoparasites in Kenyan cattle have relied mostly 

on clinical signs (47), microscopic examination of blood smears (47, 48, 57, 76, 89) 

and antibody detection (34, 53, 89). A few studies employing molecular methods 

(PCR, reverse line blot hybridization (RLB), real time PCR) and genome sequencing 

have been exploited in Kenya (37, 85, 86, 87). However, these studies have been 

limited to a few tick-borne diseases with most of the studies lacking adequate 

information on their molecular epidemiology, which is critical for the control and 

prevention of these diseases. Concerning rickettsiosis, although rickettsial infections 



23 
 

have been detected in Kenyan cattle (77), very little is known about their prevalence. 

Therefore, this study was carried out with the main objective of determining 

and understanding the molecular epidemiology of some species of Babesia, 

Theileria, Anaplasma and Rickettsia pathogens infecting cattle in Kenya. In 

particular, blood samples of cattle raised in farms located in Machakos and Ngong 

districts of Kenya were screened for specific target genes of B. bovis, B. bigemina, 

Theileria spp., A. marginale and SFG Rickettsia spp. 
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2.2 Materials and methods  

2.2.1 Study areas and blood samples collection 

  Two separate dairy cattle farms were investigated in Kenya with one farm 

located in Ngong district of Kajiado County and the other farm is located in 

Machakos district of Machakos County. The farm in Ngong district (1° 22′S, 36° 

38′E) lies 22 km Southwest of Nairobi whereas the other one in Machakos district 

(1° 14′S, 37° 23′E) lies 63 km Southeast of Nairobi (Figure 3). The average annual 

temperatures and rainfalls are 16.7 °C, 865 mm and 19.0 °C, 830 mm for Ngong and 

Machakos, respectively (http://en.climate-data.org/). Cattle in both farms are kept 

under a semi-extensive system, characterized by free grazing on pastures. The cattle 

were kept under semi-enclosed system at night and allowed to graze on pastures 

where the animals mixed with Masaai cattle grazing in the same area. The grazing 

together with Masaai cattle was particularly seen in case of cattle kept in Ngong 

farm. 

A total of 154 and 38 blood samples were collected in EDTA-vacutainer 

tubes from cattle in Ngong and Machakos farms, respectively, during a 

cross-sectional survey done in August 2011. The samples were collected from 

randomly selected male and female crossbred cattle including adults and yearlings; 

all of which were apparently healthy. The samples were then transported on ice to 
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the Central Veterinary Laboratory in Nairobi, Kenya and stored at -20 °C prior to 

DNA extraction. 

The genomic DNA was extracted at the Central Veterinary Laboratory in 

Nairobi, Kenya using a commercial DNA extraction kit according to the 

manufacturer’s instructions (QIAamp DNA Blood Mini-Kit, Germany). The 

extracted DNA samples were transported to the National Research Center for 

Protozoan Diseases in Obihiro, Japan, where they were stored at -30 °C pending 

further genetic analysis. 

 

2.2.2 Detection of tick-borne pathogens  

The detection of B. bovis, B. bigemina, A. marginale and SFG Rickettsia spp. 

was carried out as described in Chapter 1. Theileria species were detected using a 

previously described nPCR which amplifies Theileria spp. 18S rRNA (15). Primers, 

reaction setup and thermocycling conditions were as in referenced article (Table 3). 

Theileria parva (Muguga G6, ILRI), T. annulata (Ankara C9, Edinburgh University) 

and cattle DNA sample positive for T. orientalis (5) were used as positive controls 

while DDW was used as the negative control. Amplification products were 

visualized as described in Chapter1. 
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To detect co-infection with T. parva and T. orientalis complex, samples 

positive for Theileria spp. 18S rRNA were further amplified by nPCR using primers 

targeting T. parva p104 (p104) gene (56) for T. parva and those targeting T. 

orientalis major piroplasm surface protein (MPSP) gene (90) for T. orientalis (Table 

3). 

 

2.2.3 Identification of Theileria species 

All Theileria spp.-positive samples were used as templates for 

sequence-based identification of Theileria species. Nested PCR amplicons of 

Theileria spp. 18S rRNA were purified using QIAquick Gel Extraction Kit 

(QIAGEN GmbH, Germany) and directly sequenced using the nPCR primers, the 

Big Dye Terminator Cycle Sequencing Kit (Applied Biosystems, USA) and an ABI 

PRISM 3100 genetic analyzer (Applied Biosystems, USA). DNA sequences with 

heterozygous base-calling were analyzed using Mixed Sequence Reader web-based 

program (http://msr.cs.nthu.edu.tw) and identified as two distinct sequences. The 

sequenced DNAs were analyzed by BLASTn tool of NCBI GenBank database. The 

correct species identity was established by comparing the query sequences with 

those available in the GenBank database. Species confirmation was done when the 

closest BLASTn match has a ≥98% identity to the homologues found in the 
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GenBank. The Theileria spp. 18S rRNA sequences identified in this study are 

available in the GenBank of the NCBI database under the accession numbers 

KP347567 to KP347575. 

 

2.2.4 Statistical analysis 

Proportions of DNA samples positive for respective pathogens per farm were 

computed and a comparison of pathogen prevalence was done using the chi-square 

test employing the EPI INFO™ software (CDC, USA, version 7.1.1) and VassarStats 

(http://vassarstats.net/). Statistically significant differences were determined at 

P<0.05.  
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2.3 Results 

Detection of tick-borne pathogens in cattle  

A total of 192 blood samples (154 in Ngong and 38 in Machakos) were 

analyzed by nested and single PCRs to be able to detect infection of cattle with B. 

bovis, B. bigemina, Theileria spp., A. marginale and SFG Rickettsia. Babesia bovis, 

B. bigemina, Theileria spp., and A. marginale were detected in the two farms. In 

contrast, no samples had detectable levels of Rickettsia. In Ngong farm, B. bigemina 

(65 samples-42.2%) was more prevalent than B. bovis (19 samples-12.3%). On the 

other hand, Theileria spp. and A. marginale DNAs were detected in 52 (33.8%) and 

50 (32.5%) blood samples, respectively. In Machakos farm, 9 (23.7%) samples were 

positive for B. bovis while B. bigemina was detected in 5 (13.2%) samples. Theileria 

spp. and A. marginale were detected in 15 (39.5%) and 6 (15.8%) samples, 

respectively. There was significant difference in prevalence observed in the two 

farms (P<0.05) for B. bigemina and A. marginale (Table 4).  

Identification of Theileria species 

Genetic analysis of the sequenced Theilera spp. 18S rRNAs revealed 

homologues that belonged to seven distinct Theileria species including T. parva, T. 

taurotragi, T. mutans, T. velifera, T.orientalis complex, T. ovis and Theileria sp. 

(buffalo) (Table 5). In particular, T. parva, T. taurotragi, T. mutans and T. velifera 
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were detected in samples from cattle in both farms while T. orientalis complex, T. 

ovis and Theileria sp. (buffalo) were detected in Ngong farm-cattle only (Table 6). 

Co-infections with T. parva and T. taurotragi, and with T.mutans and T. taurotragi 

were observed in some blood samples from Ngong farm-cattle. Other samples with T. 

parva and T. velifera co-infections were seen in the same farm (Table 7). In contrast, 

co-infections with T. taurotragi and T. velifera were detected only in cattle from 

Machakos farm (Table 8). All the samples that were positive for T. parva and T. 

orientalis complex 18S rRNAs were also positive for T. parva p104 and T. orientalis 

MPSP genes, respectively. Thirty five samples from Ngong farm and 11 samples 

from Machakos farm that were negative for T. parva 18S rRNA were found to be 

positive for T. parva p104 DNA. Theileria parva was the most prevalent with the 

parasite DNA being detected in 46 (29.9%) and 12 (31.6%) samples from cattle in 

Ngong and Machakos farms, respectively (Table 6). Infections with T. velifera, T. 

taurotragi and T. mutans were also observed though less frequently. Few cases of T. 

orientalis complex, T. ovis and Theileria spp. (buffalo) infections were detected.  

Mixed infections with Babesia, Theileria and Anaplasma 

Of the 192 samples, at least one hemoparasite was detected in 135 (70%) 

samples. In Ngong farm, 110 (71%) samples had hemoparasites DNAs (Table 7) 

whereas 25 (66%) samples were positive for at least one hemoparasite in Machakos 
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(Table 8). More than half of the positive samples were infected with at least two 

hemoparasites, which generally belong to different genus. Twenty nine different 

types of mixed infections were seen in Ngong farm with some cattle having up to 

five pathogens co-infecting the same cattle (Table 7). In Machakos farm, 11 different 

types of mixed infections were seen with up to three pathogens simultaneously being 

detected in samples (Table 8). Single infections with B. bovis, T. velifera and A. 

marginale were observed in both farms, while single infections with B. bigemina and 

T. parva were seen only in Ngong farm. In most cases, mixed infections rather than 

single infection were detected for all hemoparasites in both farms except for B. bovis 

for which most of positive samples in Machakos farm were single infections. 
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2.4 Discussion 

This study was done to determine the molecular epidemiology of B. bovis, B. 

bigemina, Theileria spp., A. marginale and SFG Rickettsia spp. infecting cattle 

raised in Machakos and Ngong districts of Kenya. Such information is critical for 

controlling and preventing infections caused by these pathogens, which leads to loss 

of livelihoods of many livestock owners (69) and threatens the lives of international 

travelers (43). Although rickettsial infections had previously been reported in cattle 

from Kajiado and Machakos counties (77), none of the study samples was positive 

for the bacteria. The rickettsial infection rates recorded in the anterior study 

(166/1019; 16.3%) suggest that my results could be explained by the number of 

farms investigated (two farms), samples size (192 cattle) and low rickettsiemia levels. 

The causative agents of babesiosis, theileriosis, and anaplasmosis; however, were 

prevalent in the two farms surveyed. These findings are consistent with previous 

reports ranking tick-borne pathogens as important causes of diseases in Kenyan 

cattle (17, 47, 74, 75, 116). Though Theileria spp. have always been reported to be 

the most prevalent hemoparasite in Kenya (76, 89, 116), this was not the case in 

Ngong farm as Babesia species were the most prevalent pathogens. However, 

Theileria species were more prevalent in Machakos farm consistent with the 

previous studies in Kenyan cattle (76, 89, 116). Anaplasma marginale was the least 
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prevalent in both farms suggesting that it may not be one of the most prevalent 

tick-borne diseases in these regions. 

The prevalence of B. bovis was higher than that of B. bigemina in Machakos 

and vice-versa in Ngong farm indicating that the epidemiology of babesiosis in the 

two farms may be different. The prevalence of B. bigemina may reflect the 

distribution of its vectors, Rhipicephalus evertsi and Rhipicephalus decoloratus (13) 

which are both present in Machakos and Ngong districts (18, 116). Babesia 

bigemina is the main cause of bovine babesiosis in Kenya (66, 116) and its 

predominance in Ngong farm is not surprising. The low prevalence of B. bigemina in 

Machakos farm could be explained by lower exposure to tick vectors. The detection 

of B. bovis was unexpected since none of its vectors namely, Rhipicephalus 

microplus, R. geigyi and R. annulatus (13) have been reported in the two districts (18, 

116). My results, therefore, indicate that B. bovis has been overlooked or is 

becoming endemic in Machakos and Ngong districts. The competition between R. 

microplus and R. decoloratus may explain why B. bigemina is more widespread than 

B. bovis in Africa (13). Hence, the higher prevalence of B. bovis in Machakos farm 

suggests changes in tick distribution. Uncontrolled animal movement that is 

common in Kenya (66) or changes in ecological pattern may have contributed to the 

thriving of B. bovis tick vectors. The prevalences of B. bovis and B. bigemina 
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revealed by this study are higher than those previously observed in Western Kenya 

(85, 86). This may not be surprising as the studies were done in different ecological 

areas. In regard to A. marginale, the detection of its DNA in both farms is consistent 

with previous studies which reported antibodies to A. marginale in Kenyan cattle (34, 

53, 89, 116).  

Although this study detected Theileria species in both farms, the samples 

analyzed here were not large enough and elaborate studies will be needed to 

determine the full extent of the infections in Kenya. Many Theileria species 

including T. parva, T. taurotragi, T. mutans and T. velifera were detected in both 

farms. However, T.orientalis/sergenti/buffeli, T. ovis and Theileria sp. (buffalo) were 

detected only in Ngong farm. Cattle are the natural host of T. parva, T. taurotragi, T. 

mutans and T. velifera. Rhipicephalus appendiculatus, which transmits T. parva and 

T. taurotragi as well as Amblyomma variegatum, the vector for T. mutans and T. 

velifera are known to exist in the districts surveyed (18, 116). Therefore, the 

presence of these tick vectors may explain the occurrences of the hemoparasites in 

the farms. Theileria ovis is known to infect small ruminants (11) while T. buffeli and 

Theileria sp. (buffalo) infect African Cape buffalo (Syncerus caffer) (92). The 

detection of buffalo-Theileria sp. in Ngong farm-cattle may be attributed to their 

transmission by ticks and interaction of these cattle with nomadic Maasai cattle. 
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These Maasai cattle usually graze together with wildlife including buffaloes. 

Likewise, Maasai cattle are generally kept with flocks of small ruminants and 

therefore can be a source of T. ovis infected ticks for Ngong farm-cattle. Such 

accidental Theileria infections in cattle have previously been reported in 

wildlife-domestic animals interface and in areas where there is high animal 

movement in Kenya (37, 85, 86). 

 Theileria parva was the most frequent Theileria in the two farms. Among the 

Theileria parva -positive samples, 35 from Ngong farm and 11 from Machakos farm 

were positive for both Theileria 18S rRNA and T. parva p104 nPCRs but sequencing 

of their Theileria 18S rRNA-amplicons did not show a sequence specific to T. parva. 

This is probably due to low levels of T. parva-parasitemia and to several Theileria 

species co-occurring in the same animal. In the current study, genus specific primers 

were used to amplify Theileria 18S rRNA and obtained products therefore contained 

amplicons from several species. Only amplicons derived from species with abundant 

DNA were reflected in the sequencing chromatogram. Hence, T. parva 18S rRNA 

was not identified in some samples because it was outnumbered by the 18S rRNA 

gene of other Theilera species. ECF caused by T. parva is the most important 

tick-borne disease in Kenya and “immunization” against it is common (33, 36, 47). 

The carrier state is particularly important for this parasite as it contributes to and 
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may be necessary for maintenance of immunity against overt disease (11, 87). Most 

of T. parva-positive animals in this study seemed to be carriers and previous studies 

(91, 102, 103) suggested that such status could have been induced by previous 

“immunization” as well as natural infection. Theileria parva prevalences obtained 

were lower than the 67% observed in Marula, Rift Valley (37), similar to the values 

recorded by Odongo et al (87) but higher than the RLB data from Western Kenya 

(85, 86). 

 All the cattle in this study appeared healthy, although pathogenic 

hemoparasites (B. bovis, B. bigemina, A. marginale and T. parva) were detected in 

their blood. This absence of clinical disease in infected cattle may be attributed to a 

state of enzootic stability as described in previous reports (13, 45, 55). The high rate 

of multiple infections in both farms, sometimes involving hemoparasites belonging 

to different genus may be explained by the presence of a range of tick-vectors that 

exist in the same ecosystem. Benign T. taurotragi, and T. mutans detected in this 

study have been previously associated with morbidity and mortality in calves in 

Kenya (71, 70). Perhaps, further studies should explore the importance of these 

hemoparasites in Kenya with regard to Theileria infections in calves.  

 In conclusion, this study has confirmed the occurrences of diverse tick-borne 

hemoparasites in farms located in two districts of Kenya. The detection, prevention 
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and control of these hemoparasites in cattle should consider the co-infective nature 

of these pathogens and the role of wildlife in the transmissions of the tick-borne 

parasites. Therefore, this study will provide a basis for further research on tick-borne 

hemoparasitic diseases and their molecular epidemiology in Kenya and other regions 

of the world. 
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2.5 Summary  

Infections with B. bovis, B. bigemina, Theileria species, A. marginale and 

SFG Rickettsia spp. are endemic in Kenya yet there is a lack of adequate information 

on their epidemiology. This study established the molecular epidemiology of the 

above tick-borne pathogens infecting cattle in Kenya. Nested and standard PCRs 

were used to determine the prevalence of the above pathogens in 192 cattle blood 

samples collected from Ngong and Machakos farms. Rickettsia species were not 

detected in any of the samples examined. Babesia bovis, B. bigemina, T. parva, T. 

velifera, T. taurotragi, T. mutans and A. marginale were prevalent in both farms, 

whereas T. ovis, Theileria sp. (buffalo) and T. orientalis were found only in Ngong 

farm. Co-infections were observed in more than 50% of positive samples in both 

farms. These findings point out that, in Kenya, it is necessary to consider 

co-infection of cattle with tick-borne hemoparasites and the role of wildlife in 

pathogens transmission when devising interventions related to the diagnostic, 

treatment and prevention of TBDs. 
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Table 6. Theileria species detected in cattle from Ngong farm and 

Machakos farm in Kenya 

Theileria species detected 
Number of positive samples  

Ngong-farm Machakos-farm 
T. parva  11a + 35b 1a + 11b 
T. velifera  16 9 
T. taurotragi  11 4 
T. mutans  11 3 
T. orientalis/buffeli/sergenti  3c 0 
T. ovis  3 0 
Theileria spp. ex Syncerus caffer  1 0 

 

a: Number of samples in which T. parva 18S ribosomal RNA and T. parva p104 genes were 

detected. 
b: Number of samples that were negative for T. parva 18S rRNA (T. parva 18S rRNA gene 

not detected in sequencing) but found to be positive for T. parva p104 DNA.  
c: Number of samples in which T. orientalis 18S ribosomal RNA and T. orientalis MPSP 

genes were detected. 
No letter: Number of samples in which the 18S ribosomal RNA gene of the corresponding 

Theileria species (species on the same line of the table) were detected.  
 

 

 

 

 



42 
 

Table 7. Tick-borne hemoparasites detected in cattle (n=154) from Ngong-farm 

in Kenya 

Pathogen species detected Positive cattle (%) 

 

On
e p

ath
og

en
 

 

B. bovis 8 (5.2) 
B. bigemina 22 (14.3) 
T. parva  3 (1.9 ) 
T. velifera  2 (1.3) 
A. marginale  12 (7.8) 

 
 
 

Tw
o p

ath
og

en
s

 

 
 
 

B.bigemina + T. parva 3 (1.9 ) 
B.bigemina + A. marginale 11 (7.1) 
A. marginale + T. parva 1 (0.6) 
A. marginale + Theileria sp. (buffalo) 1 (0.6) 
A. marginale +T. taurotragi 1 (0.6) 
B.bovis + B. bigemina 2 (1.3) 
B.bovis + A. marginale 1 (0.6) 
T. parva+ T.velifera 5 (3.2) 
T. parva + T.mutans 1 (0.6) 

 
 
 
 

Th
ree

 pa
tho

ge
ns

 

B.bovis + B. bigemina + A. marginale 2 (1.3) 
B. bovis +T. parva +T. ovis 1 (0.6) 
B.bigemina + T. parva +T. mutans  3 (1.9) 
B. bigemina + T. parva +T. velifera 4 (2.6) 
B. bigemina + T. parva +T. ovis 1 (0.6) 
B. bigemina + T. taurotragi + T. mutans 1 (0.6) 
B. bigemina + T. taurotragi + T. parva 4 (2.6) 
B.bigemina + A. marginale+ T. taurotragi  1 (0.6) 
B.bigemina + A. marginale+ T. parva 1 (0.6) 
A. marginale + T.parva +T.taurotragi  2 (1.3) 
A. marginale + T.parva +T.velifera 4 (2.6) 
A. marginale + T.parva +T.orientalis 2 (1.3) 
A. marginale + T.parva +T. mutans 1 (0.6) 

Fo
ur

 pa
tho

ge
ns

 
B. bigemina + A. marginale+ T. parva +T. taurotragi 1 (0.6) 
B. bigemina + A. marginale+ T. parva +T. ovis 1 (0.6) 
B. bigemina + A. marginale+ T. parva +T. mutans 3 (1.9) 

Fiv
e p

ath
og

en
s

 
B.bovis + B. bigemina+ A. marginale +T. parva +T.orientalis 1 (0.6) 
B.bovis + B. bigemina+ A. marginale +T. parva +T. mutans 2 (1.3) 
B.bovis + B. bigemina+ A. marginale +T. parva +T. taurotragi  1 (0.6) 
B.bovis + B. bigemina+ + A. marginale +T. parva +T. velifera 1 (0.6) 

 Total 110 (71.4) 
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Table 8. Tick-borne hemoparasites detected in cattle (n=38) from 
Machakos-farm in Kenya 
 Pathogen species detected Positive cattle (%) 

On
e p

ath
og

en

 

B. bovis  6 (15.8) 
T. velifera  1 (2.6) 
A. marginale  3 (7.9) 

 

Tw
o p

ath
og

en
s

 

 
 

B. bigemina + T. parva 1 (2.6) 
B. bigemina + T. taurotragi 1 (2.6) 
B. bovis + B. bigemina 1 (2.6) 
T. parva+ T.velifera 2 (5.3) 
T. taurotragi + T.velifera 1 (2.6) 
T. parva + T. taurotragi 1 (2.6) 

Th
ree

 pa
tho

ge
ns

 

B. bovis +T. parva +T. mutans 2 (5.3) 
B. bigemina + T. parva +T. velifera 2 (5.3) 
A. marginale + T.parva +T.velifera 2 (5.3) 
A. marginale +T.parva +T. mutans  1 (2.6) 
T. parva +T. taurotragi + T.velifera 1 (2.6) 

 Total 25 (65.8) 
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Figure 3. Map of Kenya showing the location of the two study farms. 
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Chapter 3 

 

Molecular detection of Babesia bovis, Babesia bigemina, Theileria 

species, Anaplasma marginale and SFG Rickettsia species in 

Amblyomma variegatum ticks from Benin Republic 

 

3.1 Introduction   

The tick fauna in Benin Republic is diverse, with around 17 tick species that 

are known to feed on cattle (20, 114). Yet, information on pathogens associated with 

Benin cattle-ticks is scant. In particular, there are little or no data on the 

epidemiology of Babesia spp., Theileria spp., Anaplasma spp. and SFG Rickettsia 

species. 

Molecular methods are among the most sensitive and specific techniques for 

pathogens detection in hosts and tick vectors. Ticks, compared to animal blood 

samples, are easy to obtain as herd owners generally do not oppose to their collection. 

The molecular detection of pathogens in ticks is currently a well-established 

approach to elucidate the epidemiology of tick-borne diseases (106). In the present 

study, Amblyomma variegatum ticks were used as templates for the molecular 

detection of tick-borne pathogens of veterinary and medical importance. In detail, 
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feeding Amblyomma variegatum ticks were collected in 8 locations in North Eastern 

Benin and screened for B. bovis, B. bigemina, Theileria spp., Anaplasma marginale 

and SFG Rickettsia spp. using genus-specific or species-specific PCR assays. 
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3.2 Materials and methods 

3.2.1 Ticks samples collection 

During May-June 2011, feeding ticks were collected in cattle farms located in 

four divisions of Borgou District, Benin Republic. Eight different locations were 

surveyed: Beterou (Tchaourou division), Nikki centre, Suya and Tasso (Nikki 

division), Dunkassa and Bouka (Kalale division), Sekere and Sikki (Sinende 

division) (Figure 4). The ticks were collected on indigenous cattle with the consent 

of cattle owners and care was taken to minimize discomfort for the animal. Species 

identification and morphological classification of the tick samples were conducted 

by Dr Kozo Fujizaki (National Agriculture and Food Research Organization, Japan) 

using microscopic examination and standard taxonomic keys according to the 

guidelines of Walker et al (115). A total of 180 herds were visited and 910 adult 

Amblyomma variegatum ticks (789 males and 121 females) in various state of 

engorgement were obtained. They were individually stored in 1.5 ml tube (Toho, 

Japan) containing 70% ethanol (Wako, Japan), labeled and kept at room temperature 

until processing. 

 

3.2.2 DNA extraction  

The DNA extraction was performed on individual tick samples. Each A. 
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variegatum tick was washed in three 70% ethanol baths, rinsed in double distilled 

water; air dried and collected in sterile 1.5 ml tubes. The tick-containing tubes were 

plunged in liquid nitrogen for 3-5 minutes and frozen ticks were crushed using 

sterile pellet mixers (Toho, Japan). The tissues of crushed ticks were digested using 

the ISOHAIR kit (Nippon Gene, Japan) according to the manufacturer’s protocol 

and the DNA was extracted using the phenol method described by Barker (2005). 

The DNAs were then precipitated using the Dr. GenTLE precipitation carrier kit 

(Takara, Japan) according to the manufacturer’s instructions; the resulting pellets 

were dissolved in 100 μl of DDW and stored at -30 oC until molecular analysis. 

 

3.2.3 Detection of tick-borne pathogens 

Amblyomma variegatum ticks were analyzed for the presence of B. bovis, B. 

bigemina, T. mutans, T. taurotragi, T. annulata, T. orientalis, T. parva, A. marginale 

and SFG rickettsiae. The Babesia species, A. marginale and T. orientalis were 

detected using PCR assays described in Chapter 1 and 2, respectively. Theileria 

annulata was identified using a nPCR assay targeting T. annulata major merozoite 

surface antigen while T. mutans, T. taurotragi and T. parva were detected using 

semi-nested PCRs amplifying the 18S rRNA gene of the respective parasites (Table 

9). The detection of SFG rickettsiae was performed using PCR assays targeting 
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Rickettsia 16S rDNA and rickettsial outer membrane protein (rompA) genes, 

respectively. Tick samples were first screened for the presence of rickettsial bacteria 

by amplifying Rickettsia 16S rDNA as described in Chapter 1. Upon visualization of 

amplification products, all the samples positive for Rickettsia 16S rDNA were tested 

for the rompA gene which encodes for a 190-kDa protein specific to SFG rickettsiae. 

A 632 bp fragment at the 5’ end of the gene was amplified in the samples using the 

primer pair 190-70 (5’-ATG GCG AAT ATT TCT CCA AAA-3’) and 190-701 

(5’-GTT CCG TTA ATG GCA GCATCT-3’) (30). The thermo cycling conditions of 

the reaction consisted of initial denaturation (5 min, 94 °C) followed by 35 cycles of 

denaturation (30 s, 94 °C), annealing (1 min, 60 °C) and extension (2 min, 72 °C) 

then a final extension step (5 min, 72 °C). All the PCRs were carried out on 

individual ticks DNA samples and each reaction was conducted in a total volume of 

13 μl composed of 2 μl of DNA template, 1 μl (10 μM) of each primers, 5 μl of 2x 

Ampidirect plus (Shimadzu, Japan), 0.075 μl of Ex Taq polymerase (Takara, Japan) 

and 3.925 μl of distilled water. DNAs of B. bigemina and B. bovis (112), T. parva 

(Muguga G6, ILRI), T. annulata (Ankara C9, Edinburgh University), DNA of R. 

africae isolated from A. variegatum collected in Tororo district, Uganda (78), cattle 

DNA samples positive for T. orientalis, T. mutans, T. taurotragi (4) and A. 

marginale-Msp5 plasmid (118) were used as positive controls and DDW as the 
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negative control. The visualization of PCR results was performed as described in 

Chapter 1. 

 

3.2.4 Identification of SFG Rickettsia species  

The SFG rickettsiae detected in Benin were identified based on the sequences 

of Rickettsia 16S rDNA and rompA genes. Briefly, amplification products of 

randomly selected positive samples were purified from agarose gel using QIAquick 

Gel Extraction Kit (QIAGEN GmbH, Germany) and used directly in sequencing 

reactions. When obtained DNA sequences were of low quality, the amplicons were 

cloned in pGEM-T Easy Vector (Promega, USA). Initially, three positive clones per 

template were randomly selected and sequenced with pGEM-T Easy Vector-primers 

(pUC/M13). In cases where sequences of the clones were different, additional clones 

were examined. Only sequences recovered at least two times were retained for 

further analysis. Sequencing assays were carried out as described in Chapter 2. 

Obtained DNA sequences were compared using the multiple sequence alignment 

feature of the GENETYX version 7.0 software (GENETYX Corporation, Japan) and 

the MUSCLE algorithm of MEGA version 6 software (108). Representative 

nucleotides sequences were analyzed by BLASTn tool of NCBI for species 

identification. The sequences obtained in this study were registered in the GenBank 
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under the accession numbers KT633238 to KT633259 for 16S rDNA gene sequences 

and KT633260 to KT633270 for rompA sequences. 

 

3.2.5 Statistical analysis 

Proportions of tick samples positive for each of amplified genes were 

computed. A comparison of prevalences on the basis of tick gender was done using 

the chi-square test employing the EPI INFO™ software (CDC, USA, version 7.1.1) 

and VassarStats (http://vassarstats.net/). Statistically significant differences were 

determined at P<0.05. 
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3.3 Results  

Detection of tick-borne pathogens in A. variegatum ticks 

A total of 910 A. variegatum ticks were tested for tick-borne pathogens of 

veterinary and public health importance. The pathogens identified included B. bovis, 

B. bigemina, T. mutans, A. marginale and SFG rickettsiae. All the ticks were 

negative for T. parva, T. taurotragi, T. annulata and T. orientalis. Babesia bigemina 

was detected in a single tick, collected in Nikki centre whereas B. bovis and T. 

mutans were found in 10 (5 males and 5 females) and 4 (3 males and 1 female) ticks 

from Beterou, respectively. Babesia bovis-positive ticks were found in three different 

herds while those positive for T. mutans were all from the same herd. Meanwhile A. 

marginale-positive ticks were found in all the study areas except in Suya (Table 10). 

Overall, 142 ticks (15.6%) harbored the bacteria and the prevalence per areas ranged 

from 5.5% in Dunkassa to 36.5% in Tasso. The percentages of A. marginale -positive 

female and male ticks were similar. In total, 24.4% (44/180) of herds had at least one 

infected tick.  

Rickettsiae were the most prevalent pathogens. Out of 910 ticks examined, 

585 (499 males and 86 females) were positive for Rickettsia 16S rDNA (Table 11). 

The highest prevalence rate was in Beterou (92.9%) and the lowest were observed in 

Suya (37.5%) and Bouka (37.6%). In the SFG rickettsiae- specific PCR, the rompA 
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gene was successfully amplified in 267 ticks (204 males and 63 females) and 

amplicons of various length were observed. Most of the samples (222/267) showed a 

single amplification product of expected size (632 bp), some had simultaneously the 

632 bp product and an approximately 800 bp product (34/267) and fewer (11/267) 

showed only a 800 bp band. The prevalence of SFG rickettsiae ranged from 92.9% 

in Beterou to 17.8% which was recorded in Sekere (Table 11). The percentage of 

SFG rickettsiae-positive female ticks (52.1%) was significantly higher (P<0.001) 

than male ticks (25.8%). In 72.2% (130/180) of herds, SFG rickettsiae were detected 

in ticks. More than half of the herds were infected, in all the study areas.  

Mixed infections 

SFG rickettsiae plus A. marginale was the most frequent mixed infections 

detected in the ticks. It was observed in 6.2% (56/910) of the ticks and recorded in 

all the study areas. Other pathogen combinations found only Beterou areas, included 

B. bovis plus T. mutans plus A. marginale plus SFG rickettsiae (1/910), B. bovis plus 

T. mutans plus SFG rickettsiae (3/910), and B. bovis plus SFG rickettsiae (6/910). 

Identification of SFG rickettsiae 

Twenty six samples positive for both 16S rDNA and rompA PCRs, including 

8, 3, 3, 2, 4 and 4 samples from Beterou, Tasso, Nikki centre, Sekere, Sikki, 

Dunkassa and Bouka, respectively, were subjected to 16S rDNA sequences analyses. 
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Species identification was achieved through direct sequencing for 16 samples and 

through cloning-sequencing for the remaining 10 samples. Two or three different 

sequences types were obtained from each of the cloned PCR products. Overall, 22 

unique sequences were obtained from the 26 samples analyzed. The multiple 

sequences alignment revealed three sequence clusters designated group A, B and C, 

and characterized by specific nucleotides substitution and indels (Table 12). The 

BLASTn searches showed that all the sequences shared high similarity with R. 

africae isolates. The sequence in the group A was 100% identical to R. africae strain 

ESF-5 (NR074527), while group B and C sequences shared 98-97% identity with the 

reference strain. The closest BLASTn match for group B and C-sequences was a R. 

africae variant isolated in Nigeria (JF 949789) (Table 13). In order to confirm these 

results, 14 sequenced samples which included the three types of products identified 

during rompA amplification, were subjected to analysis of rompA sequences. In 

detail, 10 samples that showed only 632 bp product, 2 samples that showed only 800 

bp products and 2 samples that showed both types of products were examined. Ten 

samples were subjected to direct sequencing and four required cloning-sequencing. 

Two or three different sequences were obtained from each cloned amplicons. From 

sequencing the 632 bp amplicons, we identified nine unique sequences. One 

sequence (KT633262) was 100% identical to R. africae strain ESF-5 (CP001612) 
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and R. africae ESF 2500 (U83436) whereas the others showed 99% nucleotides 

identity with the aforementioned strains (Table 14). Out of the nine nucleotides 

sequences, three (KT633264, KT633266, KT633267) and two others (KT633260, 

KT633261) had the same amino acid sequences while the others had different amino 

acid sequences. Two unique 799 bp sequences were recovered from the remaining 

amplicons. These sequences shared 98% identity with R. africae reference strain 

(ESF-5 (CP001612)) (Table 14) but were 99% similar to isolates from Kenya (AF 

548339, AF 548341), Niger (AF311961) and Mali (AF 311959, AF 311960). The 

multiple sequence alignment revealed that the main difference between the 799 bp 

and 632 bp amplicons was a unique 167 bp insertion which was identical in the two 

799 bp-sequences. Noteworthy, amino acid sequences derived from the 799 

bp-sequences contained premature stop codons. For all samples examined, results 

from the analysis of rompA gene corroborated the results of 16S rDNA analysis. 
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3.4 Discussion  

The detection of pathogens in livestock and human-biting ticks, in order to 

understand tick-borne pathogens epidemiology and elucidate disease risk is an 

approach that has been successfully applied in several studies (64, 88, 100). In this 

study, A. variegatum ticks were targeted because it is one of most important 

cattle-tick species in Benin (27, 28, 114) and because it is known to transmit diseases 

to cattle as well as humans beings (44). Except for T. parva, T. taurotragi, T. 

annulata and T. orientalis for which no competent vectors are reported in Benin 

(114), all the pathogens investigated were detected. Pathogens infection rates, 

however, were different. As expected, the infection rates for B. bigemina and B. 

bovis were among the lowest. Amblyomma variegatum ticks are not known for 

transtadially maintaining these parasites and because the ticks were collected while 

feeding on cattle, these pathogens probably originated from the blood meal ingested 

prior to collection. Theileria mutans is vectored by A. variegatum and therefore the 

low prevalence recorded should be attributed to the infection levels in the cattle of 

surveyed herds. The detection of Anaplasma marginale in Amblyomma variegatum 

was surprising as it has not been observed in previous studies (32, 88, 100). However, 

Anaplasma marginale has previously been detected in Amblyomma gemma ticks 

collected from cattle (32). The bacteria probably originated from the hosts and the 
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relatively high infection rates mirror the prevalence of the pathogen in the study 

areas. In contrast to protozoan parasites, A. marginale can be maintained in 

mechanical vectors (55). Thus, a probable role of A. variegatum as mechanical 

vector cannot be ruled out. Studies on the ability of A. variegatum ticks to transmit A. 

marginale will surely clarify the epidemiology of anaplasmosis in Africa. 

Nevertheless, this study is the first molecular detection of tick-borne hemoparasites 

in Benin. The results reported here, corroborate previous studies (28, 94) which 

identified B. bigemina, B. bovis, A. marginale and T. mutans in Benin cattle herds 

using microscopic methods. Elaborate molecular and serological investigations in 

cattle will be needed to determine the full extent of these infections in Benin. 

SFG rickettsiae have been detected in several West African countries 

including Niger, Mali (95), Liberia, Guinea (68) and Nigeria (88, 100) but have 

never been investigated in Benin. This study demonstrated the presence of SFG 

rickettsiae in Benin. The infection rates recorded were similar to previous surveys 

(51, 60, 72, 79). Cattle are suspected to serve as source of rickettsial infection for 

ticks (52) which get infected during blood meal. Hence, the differences of infection 

rates between locations are probably related to rickettsiemia levels in the farms 

where the ticks were collected. The higher percentage of SFG rickettsiae 

positive-female ticks is probably due to their blood feeding habit and to the role of 
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female A. variegatum in the transovarial transmission of rickettsial (104). Tick blood 

meals contain PCR inhibitors (21, 93) which have previously been suspected of 

hindering the detection of SFG rickettsiae in engorged female ticks (51). However, it 

was not the case in this study. The use of a PCR buffer (Ampidirect plus) which 

according to the manufacturer can neutralize biological samples inhibitory 

substances, may explain my results. The detection of SFG rickettsiae-positive herds 

in all the study areas reflects the pathogens endemicity in North Eastern Benin. The 

mixed infections recorded may originate from accumulation of pathogens collected 

during different blood meals or from the ticks feeding on a co-infected host. The 

high frequency of A. marginale and SFG rickettsiae co-infections should be related 

to the bacterial nature of both pathogens and to the role of the ticks in their 

transmission. Similarly, Reye et al. noted that the combinaison Rickettsia 

africae-like species and Coxiella burnetii was the predominant mixed infection in 

nigerian cattle ticks (100).  

The 16S rDNA and rompA sequences analyses performed on some SFG 

rickettsiae-positive samples, showed that they were infected with R. africae, which is 

known to cause ATBF (50, 97) in humans. Most of the R. africae sequence types 

obtained in this study was reported for the first time. The similarity between the 16S 

rDNA sequence of R. africae isolated in A. variegatum ticks from Benin and from 
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Nigeria should be attributed to geographic proximity and uncontrolled animal 

movement between the two countries. The diversity in length and nucleotides 

substitutions observed among the 16S rDNA sequences have also been reported in 

Nigeria (88). Likewise, the polymorphism of R. africae rompA gene sequences has 

previously been reported in Kenya (60, 63), Uganda (78) and Sudan (79). The 

rompA gene belongs to the “surface cell antigens” family which are characterized by 

frequent degradation resulting in different subsets of the genes being expressed 

among Rickettsia species (12). The variations in length of the rompA fragment 

amplified have also been observed in Kenyan A. variegatum ticks (63). However, the 

sequences identified in Kenya showed a 173 bp-insertion while in this study; it was a 

167 bp-insertion. In addition, Maina et al (63) sequences were 99% identical to 

sequences of R. africae ESF-5 (CP001612) and uncultured Rickettsia species (AB 

822475, AB 822463) from Uganda (78) whereas obtained 799 bp sequences were 

similar to R. africae isolates from West Africa (95) and Kenya (60). These 

unexpected amplicons are probably immature forms of the gene as evidenced by the 

presence of introns in the translated version of the sequences. The diversity observed 

among the 16S rDNA and rompA sequences suggests that the ticks harboured several 

R. africae genotypes/variants. Amblyomma variegatum ticks are biological vector 

and life-long reservoir of R. africae (42) due to transovarial and transstadial 
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transmission (104). The presence of multiple genotypes in the ticks is probably due 

to genetic materials modifications relevant to tick and SFG rickettsiae interactions 

(105). In addition, A. variegatum as three-host ticks which feed on a wide variety of 

vertebrates (44) could have contributed to genetic recombination between the 

various R. africae isolates that they may collect during feeding. Further researches 

on the extent of the genetic diversity of Benin R. africae strains will definitely aid in 

understanding the epidemiology of the bacteria. 

Rickettsia africae is believed to be present in rural areas of more than 30 

African countries. However, the infection has been confirmed in ticks or humans in 

only 15 countries (16). Benin Republic is one of the countries in which the 

prevalence of SFG rickettsiae and the occurrence of R. africae were not yet 

documented. The identification of R. africae in Benin extends the known range of 

the bacteria and emphasizes the need to consider ATBF among the causes of febrile 

illnesses contracted in the country. Though ATBF cases are rarely reported among 

indigenous population, the presence of antibodies to R. africae and the detection of 

its DNA in febrile patients in Cameroon (81, 82, 83) indicate that Benin cattle 

owners and rural dwellers can also suffer from SFG rickettsiosis. The country is in 

malaria endemic region and therefore febrile illnesses are often attributed to 

Plasmodium parasites. Clinicians in Benin and those treating travelers should be 
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aware that SFG rickettsiae infections are among the potential causes of febrile 

illnesses contracted in the country. Although R. africae is the SFG rickettsiae most 

frequently harboured by A. variegatum ticks, the presence of other species in the 

study samples cannot be ruled out. Further studies covering ticks, livestock as well 

as livestock owners and based on cost-effective, high-throughput methods such as 

the multispacer typing (78) are of interest for a better understanding of the 

epidemiology of SFG rickettsiae in Benin.  

In conclusion, the present study reports the first identification of B. bigemina, 

B. bovis, T. mutans, A. marginale and SFG ricketsiae in A. variegatum ticks collected 

in Benin and demonstrates the presence of R. africae in the country. These findings 

confirm that several tick-borne pathogens that are threats to of humans and animal 

health are prevalent in Benin. Physicians and veterinarians in Benin should be aware 

of these infections when investigating health problems in humans and livestock. 
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3.5 Summary 

In the present study, 910 Amblyomma variegatum ticks collected from 8 

different locations in North Eastern Benin were tested for B. bigemina, B. bovis, 

Theileria species (T. taurotragi, T. annulata, T. orientalis, T. parva, T. mutans), A. 

marginale and SFG ricketsiae. Pathogens identified in the ticks included B. bigemina 

(1/910), B. bovis (10/910), T. mutans (4/910), A. marginale (142/910) and SFG 

ricketsiae (267/910). B. bigemina, B. bovis and T. mutans were detected in only one 

location whereas A. marginale and SFG ricketsiae were found in 7 and 8 locations, 

respectively. The prevalence of SFG rickettsiae varied according to the sampling 

sites and was significantly higher in the female than in the male ticks. The sequences 

analyses demonstrated the presence of Rickettsia africae and/or closely related 

species in Benin. These findings reaffirm the presence of tick-borne hemoparasites in 

Benin and extend the geographic distribution of R. africae and spotted fever 

rickettsioses in Africa. Clinicians in Benin and those treating travelers should be 

aware of the possibility of SFG rickettsiae infection when they are treating patients 

with febrile illness. 
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Figure 4. Map of Borgou district showing tick collection sites. The ticks were 

collected from 4 different divisions of Borgou district in North Eastern Benin. The black stars indicate 

tick collection sites.  
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Table 14. Comparison of Rickettsia ompA gene (rompA) 

nucleotide sequences recovered from A. variegatum ticks 

collected in Benin to R. africae type specimen (strain ESF-5). 
rompA sequences from Benin  %Identity* with      

R. africae strain ESF-5a GenBank ID Length (bp)  

KT633262 632 100 (632/632) 
KT633263 632 99 (625/632) 
KT633264 632 99 (629/632) 
KT633265 632 99 (627/632) 
KT633260 632 99 (626/632) 
KT633261 632 99 (625/632) 
KT633266 632 99 (628/632) 
KT633267 632 99 (627/632) 
KT633268 632 99 (626/632) 
KT633269 799 98 (627/799) 
KT633270 799  98 (626/799) 

*percentage of identity (number of matched/number of nucleotides compared). 
a GenBank ID of ompA gene sequence of R. africae strain ESF-5: CP001612. 
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Chapter 4 

 

Molecular characterization and phylogenetic analyses of Babesia 

bovis, Babesia bigemina, Anaplasma marginale, Theileria parva and 

Theileria orientalis isolated in Egypt, Kenya and Benin 

 

4.1 Introduction 

The strains/genotypes of tick-borne pathogens occurring in an area is an 

important information because it determines pathogens virulence and the ability of 

vaccine strains to protect against overt disease (38, 45, 55, 107). The molecular 

characterization of pathogens is therefore a requirement for the design of effectives 

diagnostic and disease prevention tools. Unfortunately, studies on the genetic 

diversity of tick borne pathogens in African countries have been limited to a few 

pathogens, few countries or have exploited genus specific rather that species specific 

genes. Therefore, this study, aims to determine and understand the genetic diversities 

of B. bovis, B. bigemina and A. marginale isolated in Egypt, Kenya and Benin, and T. 

parva and T. orientalis isolated in Kenya. Babesia bovis spherical body protein 4, B. 

bigemina RAP-1a, A. marginale Msp5, T. parva p104 and T. orientalis MPSP were 

used as the marker genes. The sequences generated from these target genes were 



73 
 

used to establish phylogenies to aid in the understanding of their molecular 

epidemiology in Egypt, Kenya and Benin in relation to other regions of the world. 
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4.2 Materials and methods 

4.2.1 Study samples 

Cattle and water buffalos samples from Egypt (Chapter 1), cattle samples 

from Kenya (Chapter 2) and ticks samples from Benin (Chapter 3); infected with B. 

bovis, B. bigemina, A. marginale, T. parva or T. orientalis were used to characterize 

the respective pathogens.  

 

4.2.2 Cloning and sequencing of hemoparasites DNAs 

Randomly selected positive samples of B. bovis, B. bigemina, T. parva, T. 

orientalis and A. marginale (three samples for each parasite per study area in each 

country) were used as templates for genetic characterization of the hemoparasites. 

Nested PCR amplicons of B. bovis SBP-4 (Table 1) and T. parva p104 (Table 3) ; 

PCRs amplicons of A. marginale Msp5 (Table 1) and T.orientalis MPSP (Table 3); 

and the products of B. bigemina RAP-1a-semi-nPCR (Table 15) were purified by 

using QIAquick Gel Extraction Kit (QIAGEN GmbH, Germany). The purified DNA 

templates were first sequenced with the amplification primers to identify 

heterozygous base-calling positions and then cloned in pGEM-T Easy Vector 

(Promega, USA). Initially, two positive clones per template were randomly selected 

and sequenced with pGEM-T Easy Vector-primers (pUC/M13). When the sequences 
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of the clones did not include all the genotypes identified during direct sequencing, 

other two clones from the same template were sequenced. All sequencing analysis 

assays were performed using the Dye Terminator Cycle Sequencing Kit (Applied 

Biosystems, USA) and an ABI PRISM 3100 genetic analyzer (Applied Biosystems, 

USA). 

 

4.2.3 BLAST analysis, sequence alignment and phylogenetic analysis  

DNA sequences identities were computed using the pairwise alignment by 

EMBOSS NEEDLE software (http:// www.bioinformatics.nl/cgi-bin/emboss/needle). 

The comparison to previously published sequences was performed by using the 

BLASTn tool of NCBI GenBank database. Multiple sequence alignments were done 

using MUSCLE and GUIDANCE algorithms (http://guidance.tau.ac.il/). 

Phylogenetic analyses were inferred by the maximum likelihood method using 

MEGA version 6 software (108). 

 

4.2.4 Nucleotide sequences accession numbers 

The nucleotide sequences of all the genes sequenced are available in the 

GenBank of the NCBI database under the accession numbers outlined in Table 16.  
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4.3 Results  

BLAST analysis and sequence alignment 

To establish the genotypes of these tick-borne pathogens, sequences of 

SBP-4, RAP-1a, Msp5, p104 and MPSP genes found in B. bovis, B. bigemina, A. 

marginale, T. parva and T. orientalis, respectively were genetically characterized. 

The nucleotides sequences of B. bovis SBP-4 identified in Egyptian cattle 

(KF192806, KF192807 and KF192808) were highly conserved (99.8% identity). 

Surprisingly, the sequences obtained in Egyptian water buffalos (KF192805) were 18 

nucleotides shorter than cattle isolates (503 bp against 521 bp). The identity values 

among Kenyan isolates’ nucleotides sequences (KP347555, KP347556 and 

KP347557) ranged from 99.6 to 99.8%. Two nucleotides sequences (KU042085 and 

KU042086) sharing 99.8% identity were identified in Benin ticks samples. The 

comparison of isolates between countries showed that Egyptian water buffalos 

isolate was the most distant genotype with B. bovis T2Bo strain from USA 

(XM_001610418) as closest match (100%). Except for one Kenya isolate 

(KP347555) and one Benin isolate (KU042085) sharing 100% identity, the pair-wise 

identities of the SBP-4 sequences identified in Egypt cattle, Kenyan cattle and Benin 

ticks was 99%. BLASTn analysis revealed that one Kenyan isolate (KP347556) 

shared 100% sequence identity with the isolates from South Africa (KF626630 and 
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AB569303) and Ghana (AB569301). The multi-sequence alignment of B. bovis 

SBP-4 amino acid residues revealed that the Egyptian cattle, Kenya and Benin 

isolates contained additional amino acid residues and a specific pattern of 

substitutions unique to isolates obtained from African cattle (Table 17). For B. 

bigemina, the analysis of partial sequences of RAP-1a from Egyptian cattle and 

water buffalos (KF192809, KF192810, KF192811 and KF192812) revealed 99.4% 

identities whereas Kenyan sequences (KP347558, KP347559 and KP893330) had 

identities ranging from 99.6 to 99.9%. A further BLASTn analysis revealed that the 

B. bigemina Kenyan isolates shared between 99% and 100% nucleotide identities 

with the sequence of an Egyptian isolate (KF192811). The isolate from Benin was 

99% identical to sequences from Kenya (KP347558 and KP347559) and from Egypt 

(KF192809 and KF192811). The RAP-1a sequences identified in this study shared 

≥98% similarity with previous sequences available in the GenBank database. Two 

types of A. marginale Msp5 sequences, sharing 99.8% identity with each other, were 

identified. The two sequences were found in Egyptian cattle (KU042080 and 

KU042081), Egyptian water buffalo (KU042082 and KU042083) and in Kenyan 

cattle (KP347553 and KP347554) but only one was found in Benin ticks 

(KU042079). These sequences were homologous to the sequences of isolates from 

Australia (CP006847), the Philippines (AB704328) and China (EF546443).  
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The identities among the T. parva p104 sequences ranged from 97.8 to 

98.9%. The Kenyan T. parva isolates detected were genetically different from T. 

parva isolates previously reported in Kenya. One of the T. parva isolates 

(KP347564) shared 99% nucleotide identity with a previously published sequence 

from Kenya (AY034071). However, the other two isolates (KP347565 and 

KP347566) shared 99% nucleotide sequence identity with isolates from Zambia 

(AB739676 and AB739678), Zimbabwe (AY034070) and Kenya (AY034069). Only 

one T. parva isolate (KP347565) was prevalent in one of the study farm (Machakos 

farm in Chapter 2) while all the three isolates found in this study were detected in 

samples from the second farm (Ngong farm in Chapter 2). The identities among the 

four T. orientalis MPSP sequences of this study ranged from 86.5 to 99.5%. The 

nucleotide sequences of three T. orientalis isolates (KP347560, KP347562 and 

KP347563) were conserved and shared 99% sequence identity with T. buffeli 

(AB016278), a hemoparasite, previously isolated in Kenya. The other isolate 

(KP347561) shared 99% sequence identity to the isolates from China (KJ020560 and 

AB571974), Thailand (AB562563) and Japan (AB218444).  

Phylogenetic analysis   

Phylogenetic analyses were done to determine whether the tick-borne 

pathogens are genetically diverse within different geographical regions of the world. 
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Analysis based on SBP-4 gene grouped Egyptian cattle, Kenyan and Beninese B. 

bovis isolates in the same clade (Clade 1) as Ghanaian and South African isolates. 

Egyptian water buffalos isolate, however, was found in a separate clade (Clade 3) 

grouped with B. bovis isolates from Thailand, Syria, Mexico, Brazil, Mongolia and 

United States of America (USA) (Figure 5). The B. bigemina isolates of this study 

belonged to the same clade as the isolates from Thailand, Syria and Mexico (Figure 

6). A further phylogeny using the Msp5 gene grouped Egyptian, Kenyan and 

Beninese A. marginale isolates in the same clade as the isolates from China, 

Australia, Brazil and The Philippines (Figure 7). However, isolates from USA and 

Cuba were grouped in a different clade. For T. parva, the KP347565 and KP347566 

isolates were closely related to the cattle-derived genotypes while KP347564 was 

related to the buffalo-derived T. parva genotypes (Figure 8). The phylogenetic 

analysis based on MPSP gene of T. orientalis/sergenti/buffeli grouped three of the 

isolates of this study (KP347560, KP347562 and KP347563) in the same clade and 

these isolates were classified as MPSP type 3. The divergent isolate KP347561 

belonged to a separate clade and was identified as MPSP type 5 (Figure 9). 
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4.4 Discussion 

The molecular characterization of pathogens isolates provides data that are 

required for understanding their epidemiology and for selection of disease control 

measures. On the other hand, understanding the extent of genetic diversity of a 

particular gene is important for assessing its value as diagnostic marker or vaccine 

target. In this study, using species-specific genes, I characterized pathogenic 

hemoparasites isolated in three African countries and assessed the genetic diversity 

of the target genes within and between countries. Babesia bovis SBP-4, B. bigemina 

RAP-1a, A. marginale Msp5, T. orientalis MPSP genes, and the corresponding PCR 

assays were exploited for the first time in Egypt, Kenya and Benin. My results 

confirm the value of these assays (46, 90, 112, 118) and suggest that they can be 

used to improve hemoparasites detection in these countries. Babesia bovis and B. 

bigemina isolated in the three countries were genetically conserved and closely 

related to isolates from other African countries. The multisequence alignment of B. 

bovis SBP-4 showed that B. bovis isolated from African cattle can be distinguished 

from other isolates by specific pattern of amino acid substitutions. Such findings 

suggest that B. bovis identified in water buffalos and cattle may be different 

genotypes and this sequence could be used as fingerprint for identification of 

infection origin. However, B. bovis SBP-4 phenogram showed the existence of an 
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“intermediate” clade (Clade 2, Figure 5) hosting sequences from South Africa which 

despite being isolated from cattle were not bearing the discriminatory “fingerprint”. 

Although the function of B. bovis SBP-4 is not yet elucidated (107) the protein is 

known to shed in the cytosol of infected red blood cells at late stage of infection and 

might be involved in modification of membrane and function of erythrocytes (111). 

Further studies on B. bovis SBP-4 gene in other African countries are needed for 

clarification of the scope, the origin and impact of this “fingerprint” on the parasite 

pathogenicity or resistance. In addition, phylogenic studies based on polymorphic 

genes markers are necessary to further characterize Babesia parasite isolated in 

Egypt, Kenya and Benin.  

The sequence identity of the two A. marginale genotypes detected in this 

study suggests that the parasite isolates circulating in Egypt, Kenya and Benin may 

be genetically conserved. However, further studies are required to unravel the 

genetic diversity of the parasite isolates. 

Theileria parva p104 molecular analyses results were in agreement with 

previous studies (35, 40) which reported that T. parva p104 antigen loci exhibits 

moderate polymorphism. Theileria parva p104 phenogram indicates that cattle and 

buffalo derived T. parva isolates are prevalent in Ngong farm, Kenya (Chapter 2) 

whereas in Machakos farm, Kenya (Chapter 2) cattle are only exposed to the 
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cattle-derived T. parva. The identification of buffalo-derived genotypes in Ngong 

farm corroborates previous reports of the occurrence of buffalo-derived T. parva in 

cattle in Kenya (18; 66). Immunity to a T. parva strain is not always protective 

against heterologous challenge (45). Hence, complete characterization of strains 

present in Kenya will help in assuring successful immunization and reduce the 

impact of this much feared pathogen.  

Before this study, only one MPSP allele of T. sergenti/buffeli/orientalis had 

been isolated in Kenya (49, 84). The polymorphism of the T. orientalis MPSP type 3 

isolates identified and the description for the first time of T. orientalis MPSP type 5 

indicate that at least two strains of this benign Theileria parasite are present in Kenya. 

None of the T. orientalis MPSP alleles identified in Kenya have ever been associated 

to disease outbreaks. However, in Ethiopia (9), Burundi (54), India (6), Australia (19, 

22, 46) and New Zealand (67), some T. orientalis strains have caused disease 

outbreaks. Hence, T. orientalis complex should not be ruled out as a probable cause 

of disease, particularly for crossbred and exotic breeds dairy cattle reared in Kenya. 

The present study characterized and compared B. bovis, B. bigemina and A. 

marginale detected in Egyptian cattle and water buffalos, Kenyan cattle and cattle 

ticks from Benin. Theileria parva and T. orientalis detected in Kenyan cattle were 

also analyzed and compared to isolates from other countries. The current findings 
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extend the understanding of the genetic diversity of the above hemoparasites and 

pave the way for a standardization of pathogens detection tools employed in Africa. 
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4.5 Summary 

The genetic diversities of B. bovis, B. bigemina, A. marginale infecting 

livestock in Egypt, Kenya and Benin; T. parva and T. orientalis occurring in Kenya 

were addressed in this study. The partial sequences of B. bovis SBP-4, B. bigemina 

RAP-1a, A. marginale Msp5, T. parva p104 and T. orientalis MPSP genes were 

amplified in cattle and water buffalo samples from Egypt, cattle from Kenya and A. 

variegatum ticks from Benin. The resulting amplicons were sequenced and 

compared. B. bigemina Rap-1a and A. marginale Msp 5 sequences were conserved 

and showed high homology among the isolates from these countries. B. bovis SBP-4 

sequences from Egyptian cattle, Kenyan cattle, and A. variegatum ticks from Benin 

were similar. However, B. bovis SBP-4 sequences from Egyptian water buffalos 

were 18 nucleotides shorter (503 bp against 521 bp). T. parva and T. orientalis 

isolated in Kenyan cattle farms were polymorphic. Cattle-derived T. parva was 

detected Machakos farm, whereas cattle and buffalo–derived strains were detected in 

Ngong farm suggesting interactions between cattle and wild buffaloes. The T. 

orientalis genotypes identified were classified as MPSP Type 3 and MPSP Type 5. 

Noteworthy, sequences derived from the hemoparasites isolates in this study were 

genetically related to the other African isolates. These findings shade a light on the 

genetic diversity of tick-borne pathogens in Egypt, Kenya and Benin. 
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KP347556.Cattle.Machakos.Kenya
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Figure 5. Unrooted phylogenetic tree of Babesia bovis SBP-4 gene. The tree was 

constructed with the maximum likelihood method using the Kimura 2 parameter model in the MEGA 

ver.6. The sequences determined in this study are shown in bold-font. Numbers on internodes indicate 

percentages of 1000 bootstrap replicates. 
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Figure 6. Phylogenetic analyses of B. bigemina RAP-1a gene sequences obtained 

from Egyptian and Kenyan  livestock. B. caballi Rhoptry-associated protein-1(RAP-1) gene 

was used as out group. The tree was constructed with the maximum likelihood method using the 

Kimura 2 parameter model in the MEGA ver.6. The sequences determined in this study are shown in 

bold-font. Numbers on the branches show percentages of 1000 bootstrap replications. The scale bar 

indicates estimated number of substitutions per site. 
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JX507127. Hyalomma asiaticum (tick) .Xinjiang. China

CP006847.Cattle.Dawn strain.Australia

AB704328.Cattle.Cebu.Philippines

EF546443.Yak.Liangdang.China

KP347553.Cattle.Ngong.Kenya / KU042083.Water buffalo.Faiyum.Egypt
KU042079. Amblyomma variegatum (tick). Borgou. Benin
KU042081.Cattle. Beheira.Egypt
AY245428.Pernambuco Zonada Mata.Brazil
KP347554.Cattle.Ngong.Kenya
KU042080.Cattle.Beheira. Egypt / KU042082.Water buffalo.Faiyum .Egypt

AY714547.Parana.Brazil

DQ317449.Buffalo.Macheng.China

DQ317448.Buffalo.Hongan.China

AY527217. Havana strain.Cuba

M93392.Florida.USA

CP000030.St Maries strain.USA

GQ483471. Anaplasma ovis. Hebei strain.China

HM195102. Anaplasma ovis.Jingtai strain.China

89

88

67

100

100

0.01

 

 

 

 

 

 

 

 

 

 

 
Figure 7. Phylogenetic analyses of A. marginale Msp5 gene sequences obtained 

from Egyptian, Kenyan and Beninese livestock. Anaplasma ovis was used as out group. 

The tree was constructed with the maximum likelihood method using the Kimura 2 parameter model 

in the MEGA ver.6. The sequences determined in this study are shown in bold-font. Numbers on the 

branches show percentages of 1000 bootstrap replications. The scale bar indicates estimated number 

of substitutions per site. 
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Figure 8. Unrooted phylogenetic tree showing relationships between T. parva 

isolates based on p104 gene. The tree was constructed with the maximum likelihood method 

using the John-Taylor Thornton with Gamma distribution (JTT+G) model in the MEGA ver.6. The 

sequences determined in this study are set in bold-font. Numbers on internodes indicate percentages 

of 1000 bootstrap replicates. The scale bar indicates estimated number of substitutions per site. 

0.005



89 
 

KP347562.Cattle.Ngong.Kenya

KP347563.Cattle.Ngong.Kenya

KP347560.Cattle.Ngong.Kenya

AB016278.T.buffeli.Cattle .Marula.Kenya

AB701418.Cattle.Talawakele.Sri Lanka

AB701474.Cattle.Jaffna.Sri Lanka

AB701465.Cattle.Ampara.Sri Lanka

AB581622.Cattle.Bahia.Brazil

AB571893.Cattle.Khentii Binder.Mongolia

AB008369.Cattle.Essex.UK

D87189.T.buffeli.Cattle.Australia/japan

AB562541.Cattle.Chiang Mai.Thailand

AB562552.Lumpang.Thailand

AB602383.D.nuttalli(tick).Khentii Jargaltkhan.Mongolia

AB690866.Cattle.Talawakele.Sri Lanka

AB560828.Water Buffalo.Hue.Vietnam

KP347561.Cattle.Ngong.Kenya

AB562563.Water buffalo.Roi Et.Thailand

AB571974.Cattle.Fujian.China

AB491347.Cattle.Aso.Japan

AB571967.Cattle.Fujian.China

D87201 .Theileria sp .Cattle.Jeju.South Korea

KJ020560.Theileria sp.JW -2014.Cattle.Shannxi.China

AF236095.T.buffeli.Cattle.Brisbane.Australia

AB469171.Cattle.Shin -Hidaka.Japan

AB562561.Water Buffalo.Roi Et.Thailand

D87191.Theileria sp.Cattle.Chonju.South Korea

HQ322620.Cattle.Northeast China

AB571901.Cattle.Uvurkhangai Bogd.Mongolia

AB562532.Cattle.Chiang Rai.Thailand

AB571884.Cattle.Hue.Vietnam

AB581603.Cattle.Bahia.Brazil

AB581629.Cattle.Bahia.Brazil

AB701473.Cattle.Jaffna.Sri Lanka

AB016279.T.sergenti .Buffalo.Russia

AB917305.Cattle.Behera.Egypt

AB571887.Cattle.Khentii Binder.Mongolia

AB581599.Cattle.Bahia.Brazil

AF102500.Zebu.Jonggol.Indonesia

EU700057.Cattle.Chennai Tamil Nadu.India

AB917306.Water Buffalo.Menoufia.Egypt

AB581627.Cattle.Bahia.Brazil

AB571981.Cattle.Fujian.China

AB917303.Cattle.Behera.Egypt

AB016277.Water Buffalo.Nha -Trang.Vietnam

AB845491.Water Buffalo.Mullaitivu.Sri Lanka

AB560833.Sheep.Hue.Vietnam

AB845443.Water Buffalo.Polonnaruwa.Sri Lanka

AB562566.Water Buffalo.Roi Et.Thailand

AB581602.Cattle.Bahia.Brazil

GQ180192. T.sinensis .Yak.Weiyuan.China

AF236093.Theileria sp.Cattle.Northwestern China

Z48738. T. annulata Ankara Tams1

95

76

37

94

100

99

57

59

59

89

81

100

69

54

54

84

100

72

74
70

100

55

81

96

99

86
54

100

80
99

99

90

42

86

88
100

42

97
99

95

100

0.1

Type 3 

Type 5 

Type 8 

Type 4 

Type N3 

Type 7 

Type 1 

Type 2 

Type N1 

Type N2 

Type 6

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 9. Phylogenetic analyses of T. orientalis MPSP gene sequences obtained 

from Kenyan cattle. The tree was constructed with the maximum likelihood method using the 

Tamura 3 parameter with Gamma distribution (T92+G) model in the MEGA ver. 6. T. annulata 

(Ankara strain) merozoite surface antigen 1 gene (Tams1) was used as outgroup. The sequences 

determined in this study are shown in bold-font. Numbers on the branches show percentages of 1000 

bootstrap replications. The scale bar indicates estimated number of substitutions per site. 
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Table 15. Sequences of primers set used for B. bigemina RAP-1a 

characterization. 

Pathogen 
Assays Oligonucleotide sequences (5'>3') 

Product 
size (bp) 

Reference 
Target gene  

B. bigemina  
RAP-1a 

First PCR 
GAGTCTGCCAAATCCTTAC 

879 

(112) 
TCCTCTACAGCTGCTTCG 

Second PCR 
GAGTCTGCCAAATCCTTAC 

690 
TTGGTGCTTTGACCGACGACAT 
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Table 16. Accession numbers of DNA sequences deposited in GenBank  

Parasite 
Target 
genes  

Isolate 

Accession numbers Sequence length (bp) Country Source 

B. bovis SBP-4 KF192805 503 Egypt  Water buffalo 
KF192806 521 Egypt  Cattle 
KF192807 521 Egypt  Cattle 
KF192808 521 Egypt  Cattle 
KP347555 521 Kenya Cattle 
KP347556  521 Kenya Cattle 
KP347557 521 Kenya Cattle 
KU042085 521 Benin Tick 
KU042086 521 Benin Tick 

B. bigemina RAP-1a KF192809 690 Egypt  Water buffalo 
KF192810 690 Egypt  Cattle 
KF192811 690 Egypt  Cattle 
KF192812 690 Egypt  Cattle 
KP347558 690 Kenya Cattle 
KP347559 690 Kenya Cattle 
KP893330 690 Kenya Cattle 
KU042084 411* Benin Tick 

A. marginale Msp5 KU042080 576 Egypt  Cattle 
KU042081 576 Egypt  Cattle 
KU042082 510* Egypt  Water buffalo 
KU042083 493* Egypt  Water buffalo 
KP347553 576 Kenya Cattle 
KP347554 576 Kenya Cattle 
KU042079 469* Benin Tick 

T. parva p104 KP347564 278 Kenya Cattle 
KP347565 278 Kenya Cattle 
KP347566 278 Kenya Cattle 

T. orientalis MPSP KP347560 776 Kenya Cattle 

KP347561 776 Kenya Cattle 

KP347562 776 Kenya Cattle 

KP347563 776 Kenya Cattle 

* DNA sequences obtained through direct sequencing  
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General discussion 

Babesiosis, theileriosis and anaplasmosis caused by B. bovis and B. bigemina, 

Theileria spp. and A. marginale, respectively, are important tick-borne diseases of cattle 

and a threat to the livelihoods of many livestock owners in Africa (69). Although, they 

are endemic in Africa, the epidemiological information pertaining to their prevention 

and control is insufficient in many countries. SFG rickettsioses are another important 

tick-borne infection. These zoonoses caused by SFG Rickettsia species, are an emerging 

public health problem worldwide including in Africa (16, 96). The bacteria are 

harboured by livestock and ticks, and transmitted to humans via tick bite. Most of cattle 

farmers in Africa practice extensive/ semi-extensive farming systems characterized by 

close contact with cattle and therefore exposure to tick bite. Although SFG Rickettsia 

species are believed to be present in almost all the African countries, the infection has 

been confirmed in ticks or humans in very few countries. Furthermore, little is known 

about the prevalence of the pathogens in African cattle. On this ground, this study aimed 

to increase the body of knowledge on aforementioned diseases in Africa. Specific and 

sensitive molecular assays were performed to assess the epidemiology of B. bovis, B. 

bigemina, Theileria spp., A. marginale and SFG Rickettsia spp. in Egypt (Chapter 1), 

Kenya (Chapter 2) and Benin (Chapter 3). Subsequently, sequences of species-specific 
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genes were used to compare isolates from the three countries to those from other areas 

(Chapter 4). These countries were selected as representative of three different tick 

ecosystems of Africa; Egypt served as representative for North Africa while Kenya and 

Benin represented East and West Africa, respectively. The samples examined were 

chosen based on the characteristics of cattle industry in each country. In Egypt, blood 

samples from cattle and water buffalos under small-scale dairy farming were analyzed 

because these animals are important source of incomes for Egyptian farmers. In Kenya, 

cattle kept under semi-extensive semi-enclosed system but sharing pastures with 

pastoralists cattle were selected in order to investigate the impact of co-grazing on herd 

health. In Benin, more than 95% of herds belong to pastoralist and agro-pastoralists (3). 

These farmers are sometimes reluctant to blood sampling on their cattle, therefore, A. 

variegatum ticks collected on their animals were used as alternative for investigating 

tick-borne pathogens in the country. 

The assessment of epidemiological situation, risk factors and genetic variation of 

genes that are crucial for pathogen live cycle or subunit vaccine targets are key elements 

for effective control of babesiosis. The identification of B. bovis and B. bigemina 

infecting livestock in Egypt, Kenya and Benin contributes to a better comprehension of 

the parasites molecules, in this case, B. bovis SBP-4 and B. bigemina RAP-1a, which 
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are promising targets for detection and control of babesiosis (14, 107, 109, 110, 111, 

112). Babesia species were detected in samples from all the study areas; however, the 

epidemiological features were not the same. In Beheira and Faiyum (Egypt) and Ngong 

(Kenya), B. bigemina was more frequent than B. bovis as expected. However, in 

Machakos (Kenya), a high B. bovis prevalence was recorded. B. bovis - B. bigemina 

co-infections were frequent in Kenya but rare in Egypt samples. In Kenya, the 

geographical location influenced Babesia spp. infections rates while in Egypt, it was 

animal age. Infected Egyptian cattle showed fever while all Kenyan cattle were 

asymptomatic carrier. Taken together, these results point out the usefulness of 

monitoring Babesia spp. infections features and ticks distribution as a step towards 

designing effective control strategies. Prior to this study, there was no molecular 

evidence of Babesia spp. infections in Benin. Microscopic observation is the diagnostic 

method commonly used in the country, but this assay has many limitations (73). The 

data reported here should encourage the use of molecular assays for surveys in Benin 

cattle. The similarity of the B. bovis SBP-4 and B. bigemina RAP-1a sequences obtained 

in the three countries suggests that the corresponding PCR assays can be employed in 

other African countries.  

Theileria species were investigated in Kenya and Benin but not in Egypt 
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because data about the pathogens in Egypt were already available. Although each 

Theileria species is believed to be distributed in a specific area of Africa (11), this 

geographical distribution may not be static but rather dynamic. Climate change and the 

resulting expansion of ticks species habitat, uncontrolled animal movement, and 

pathogens exchanges between domestic stocks and wildlife reservoirs may modify the 

distribution of Theileria species. Hence, the identification and close monitoring of 

Theileria species existing in each area is necessary. In this study, genus, species-specific 

molecular assays and sequencing of conserved and moderately polymorphic genes (5, 

35, 90) were combined to assess the diversity of Theileria species in the two countries. 

The role of wildlife and multi-host ticks in the transmission of pathogens to Kenyan 

cattle was depicted in the results. In Benin only T. mutans has been identified. Although 

considered nonpathogenic, this species have previously caused diseases in crossbred 

cattle in Kenya (71, 70) and therefore should be included among the potential threat to 

animal health in Benin. 

A. marginale was detected in the three countries and was the least prevalent 

hemoparasites in Egyptian and Kenyan cattle suggesting that anaplasmosis may not be 

highly prevalent in these regions. However, the high prevalence observed in Egyptian 

water buffalos and A. variegatum ticks from Benin uncovered their role in the 
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epidemiology of the infection. A. marginale in contrast with Piroplasmid (Babesia spp., 

Theileria spp.) can be mechanically transmitted by biting flies and blood-contaminated 

fomite (55). The identification of water buffalos and A. variegatum ticks as reservoirs of 

A. marginale is novel and will aid in effort to control disease transmission to cattle. 

According to Kocan et al. A. marginale genes such as the major surface proteins family 

may be useful for strain comparison and information about the evolution of 

host-pathogen and vector-pathogen relationships (55). A. marginale Msp5 gene is a 

conserved gene (10, 118) and its variations may indicate selections and apparition of 

numerous strains, genotypes. Sequence analyses suggest that A. marginale isolates in 

the three countries did not undergo numerous antigenic changes and exhibit a stable 

host-pathogen-vector relationship. 

Although livestock are suspected to be reservoirs of SFG Rickettsia, neither the 

cattle nor the water buffalos examined were positive to the bacteria. This probably 

portrays the minor role of livestock in the epidemiology of the infection. In contrast, 

most of ticks from Benin were positive. With the development of outdoors activities the 

frequency of tick bite in human has increased, not only farmers but all people visiting 

rural areas in Benin are at risk. The current findings are therefore linked to public health 

concerns in Benin. 
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In conclusion, in this study, tick-transmitted pathogens that are health 

threatening infection to livestock and humans were investigated in Egypt, Kenya and 

Benin. Novel molecular detection assays were applied for the first time and 

hemoparasites genotypes occurring in Africa were identified. These data should aid in 

educating veterinarian and clinicians, and serve in the practical diagnostic, prevention 

and control of tick-borne diseases.  

 

 

 

 

 

 

 

 

 

 

 

 



100 
 

References 
 
1. Abdel-Shafy, S., Allam, N. A. T., Mediannikov, O., Parola, P., Raoult, D. (2012). 

Molecular Detection of Spotted Fever Group Rickettsiae Associated with Ixodid 

Ticks in Egypt. Vector-Borne Zoonotic Dis. 12, 346–359.  

2. Adham, F. K., Abd-El-Samie, E. M., Gabre, R. M., Hussein, H. E. (2009). 

Detection of tick blood parasites in Egypt using PCR assay I-Babesia bovis and 

Babesia bigemina. Parasitol. Res. 105, 721–730.  

3. Adjou Moumouni, P. F. (2012). Characteristics of traditional cattle farms in Borgou 

District , Republic of Benin. MSc dissertation, Obihiro University of Agriculture 

and Veterinary Medicine, Obihiro. http://ir.obihiro.ac.jp/dspace/ 

handle/10322/3146. 

4. Adjou Moumouni, P. F., Aboge, G. O., Terkawi, M. A., Masatani, T., Cao, S., 

Kamyingkird, K., Jirapattharasate, C., Zhou, M., Wang, G., Liu, M., Iguchi, A., 

Vudriko, P., Ybanez, A. P., Inokuma, H., Shirafuji-Umemiya, R., Suzuki, H., Xuan, 

X. (2015). Molecular detection and characterization of Babesia bovis, Babesia 

bigemina, Theileria species and Anaplasma marginale isolated from cattle in 

Kenya. Parasit. Vectors. 8, 496. 

5. Altangerel, K., Sivakumar, T., Inpankaew, T., Jittapalapong, S., Terkawi, M. A., 

Ueno, A., Xuan, X., Igarashi, I., Yokoyama, N. (2011). Molecular Prevalence of 

Different Genotypes of Theileria orientalis Detected from Cattle and Water 

Buffaloes In Thailand. J. Parasitol. 97, 1075–1079.  

6. Aparna, M., Ravindran, R., Vimalkumar, M. B., Lakshmanan, B., Rameshkumar, P., 

Kumar, K. G. A., Promod, K., Ajithkumar, S., Ravishankar, C., Devada, K., 

Subramanian, H., George, A. J., Ghosh, S. (2011). Molecular characterization of 

Theileria orientalis causing fatal infection in crossbred adult bovines of South India. 

Parasitol. Int. 60, 524–529. 

7. Barbosa da Silva, J., Vinhote, W. M. S., Oliveira, C. M. C., André, M. R., Machado, 

R. Z., da Fonseca, A. H., Barbosa, J. D. (2014). Molecular and serological 

prevalence of Anaplasma marginale in water buffaloes in northern Brazil. Ticks 



101 
 

Tick. Borne. Dis. 5, 100-104. 

8. Barker, K. (2005). At the Bench: A Laboratory Navigator, Updated Edition, Cold 

Sprin Harbor. ed. John Inglis, New York. p465. 

9. Becerra, V. M., Eggen, A. A. S., De Rooij, R. C., Uilenberg, G. (1983). Theileria 

orientalis in cattle in Ethiopia. Res. Vet. Sci. 34, 362-364. 

10. Bekker, C. P. J., De Vos, S., Taoufik, A., Sparagano, O. A. E., Jongejan, F. (2002). 

Simultaneous detection of Anaplasma and Ehrlichia species in ruminants and 

detection of Ehrlichia ruminantium in Amblyomma variegatum ticks by reverse line 

blot hybridization. Vet. Microbiol. 89, 223–238.  

11. Bishop, R., Musoke,  A., Morzaria, S., Gardner, M., Nene, V. (2004). Theileria: 

intracellular protozoan parasites of wild and domestic ruminants transmitted by 

ixodid ticks. Parasitology 129 Suppl, S271–S283.  

12. Blanc, G., Ngwamidiba, M., Ogata, H., Fournier, P. E., Claverie, J. M., Raoult, D. 

(2005). Molecular evolution of Rickettsia surface antigens: Evidence of positive 

selection. Mol. Biol. Evol. 22, 2073–2083.  

13. Bock, R., Jackson, L., de Vos,  A, Jorgensen, W. (2004). Babesiosis of cattle. 

Parasitology 129, 247–269. 

14. Cao, S., Aboge, G. O., Terkawi, M. A., Yu, L., Kamyingkird, K., Luo, Y., Li, Y., 

Goo, Y. K., Yamagishi, J., Nishikawa, Y., Yokoyama, N., Suzuki, H., Igarashi, I., 

Maeda, R., Inpankaew, T., Jittapalapong, S., Xuan, X. (2012). Molecular detection 

and identification of Babesia bovis and Babesia bigemina in cattle in northern 

Thailand. Parasitol. Res. 111, 1259–1266.  

15. Cao, S., Zhang, S., Jia, L., Xue, S., Yu, L., Kamyingkird, K., Moumouni, P. F. A., 

Moussa, A. A. E. M., Zhou, M., Zhang, Y., Terkawi, M. A., Masatani, T., 

Nishikawa, Y., Xuan, X. (2013). Molecular Detection of Theileria Species in Sheep 

from Northern China. J. Vet. Med. Sci. 75, 1227–1230.  

16. Cazorla, C., Socolovschi, C., Jensenius, M., Parola, P. (2008). Tick-borne Diseases: 

Tick-borne Spotted Fever Rickettsioses in Africa. Infect. Dis. Clin. North Am. 22, 

531–544.  

17. Chenyambuga, S. W., Waiswa, C., Saimo, M., Ngumi, P., Gwakisa, P. S. (2010). 



102 
 

Knowledge and perceptions of traditional livestock keepers on tick-borne diseases 

and sero-prevalence of Theileria parva around Lake Victoria Basin. Livest. Res. 

Rural Dev. http://www.lrrd.org/lrrd22/7/chen22135.htm. 

18. Chumo, R. S. C., Taracha, E., Morzaria, S. P., Irvin, A. D., Voigt, W. P., Purnell, R. 

E. (1985). East Coast fever field trial at Ngong, Kenya: isolation of Theileria parva 

stocks and immunization., in: Irvin, A.D. (Ed.), Immunization against Theileriosis 

in Africa. Nairobi, p390. 

19. Cufos, N., Jabbar, A., de Carvalho, L. M., Gasser, R. B. (2012). Mutation 

scanning-based analysis of Theileria orientalis populations in cattle following an 

outbreak. Electrophoresis. 33, 2036–2040. 

20. De Clercq, E. M., Vanwambeke, S. O., Sungirai, M., Adehan, S., Lokossou, R., 

Madder, M. (2012). Geographic distribution of the invasive cattle tick 

Rhipicephalus microplus, a country-wide survey in Benin. Exp. Appl. Acarol. 58, 

441–452.  

21. Dharmarajan, G., Rhodes, O. E. (2011). Evaluating levels of PCR efficiency and 

genotyping error in DNA extracted from engorged and non-engorged female 

Dermacentor variabilis ticks. Med. Vet. Entomol. 25, 109–112.  

22. Eamens, G. J., Gonsalves, J. R., Jenkins, C., Collins, D., Bailey, G. (2013). 

Theileria orientalis MPSP types in Australian cattle herds associated with 

outbreaks of clinical disease and their association with clinical pathology findings. 

Vet. Parasitol. 191, 209–217.  

23. El Kammah, K. M., Oyoun, L. M., Abdel-Shafy, S. (2007). Detection of 

microorganisms in the saliva and midgut smears of different tick species (Acari: 

Ixodoidea) in Egypt. J. Egypt Soc. Parasitol 37, 533–539. 

24. El Kammah, K. M., Oyoun, L. M., El Kady, G. A., Shafy, S. A. (2001). 

Investigation of blood parasites in livestock infested with argasid and ixodid ticks 

in Egypt. J. Egypt Soc. Parasitol. 31, 365–371. 

25. El-Ashker, M., Hotzel, H., Gwida, M.,  El-Beskawy, M., Silaghi, C., Tomaso, H. 

(2015). Molecular biological identification of Babesia, Theileria, and Anaplasma 

species in cattle in Egypt using PCR assays, gene sequence analysis and a novel 



103 
 

DNA microarray. Vet. Parasitol. 207, 329–334.  

26. Elsify, A., Sivakumar, T., Nayel, M., Salama, A., Elkhtam, A., Rizk, M., Mosaab, 

O., Sultan, K., Elsayed, S., Igarashi, I., Yokoyama, N. (2015). An epidemiological 

survey of bovine Babesia and Theileria parasites in cattle, buffaloes, and sheep in 

Egypt. Parasitol. Int. 64, 79–85.  

27. Farougou, S., Kpodekon, M., Adakal, H., Sagbo, P., Boko, C. (2007). Abondance 

saisonnière des tiques ( Acari : Ixodidae ) parasites des ovins dans la région 

méridionale du Bénin. Rev. Med. Vet. (Toulouse). 158, 627–632. 

28. Farougou, S., Tassou, A. W., Tchabode, D. M., Kpodekon, M., Boko, C., Youssao, 

A. K. I. (2007). Tiques et hémoparasites du bétail dans le nord-Bénin. Rev. Med. 

Vet. (Toulouse). 158, 463–467. 

29. Ferreri, L., Benitez, D., Dominguez, M., Rodriguez, A., Asenzo, G., Mesplet, M., 

Florin-Christensen, M., Schnittger, L. (2008). Water buffalos as carriers of Babesia 

bovis in Argentina. Ann. N. Y. Acad. Sci. 1149, 149–151. 

30. Fournier, P. E., Roux, V., Raoult, D. (1998). Phylogenetic analysis of spotted fever 

group rickettsiae by study of the outer surface protein rOmpA. Int. J. Syst. Bacteriol. 

48 Pt 3, 839–849.  

31. Fujisawa, T., Kadosaka, T., Fujita, H., Ando, S., Takano, A., Ogasawara, Y., 

Kawabata, H., Seishima, M. (2012). Rickettsia Africae infection in a Japanese 

Traveller with many tick bites. Acta Derm. Venereol. 92, 443–444.  

32. Fyumagwa, R. D., Simmler, P., Meli, M. L., Hoare, R., Hofmann-Lehmann, R., 

Lutz, H., (2009). Prevalence of Anaplasma marginale in different tick species from 

Ngorongoro Crater, Tanzania. Vet. Parasitol. 161, 154–157.  

33. Gachohi, J., Skilton, R., Hansen, F., Ngumi, P., Kitala, P. (2012). Epidemiology of 

East Coast fever (Theileria parva infection) in Kenya: past, present and the future. 

Parasit. Vectors. 5, 194. 

34. Gachohi, J. M., Ngumi, P. N., Kitala, P. M., Skilton, R. A. (2010). Estimating 

seroprevalence and variation to four tick-borne infections and determination of 

associated risk factors in cattle under traditional mixed farming system in Mbeere 

District, Kenya. Prev. Vet. Med. 95, 208–223.  



104 
 

35. Geysen, D., Bishop, R., Skilton, R., Dolan, T. T., Morzaria, S. (1999). Molecular 

epidemiology of Theileria parva in the field. Trop. Med. Int. Heal. 4, 21–27.  

36. Gitau, G. K., Perry, B. D., McDermott, J. J. (1999). The incidence, calf morbidity 

and mortality due to Theileria parva infections in smallholder dairy farms in 

Murang’a District, Kenya. Prev. Vet. Med. 39, 65–79. 

37. Githaka, N., Konnai, S., Bishop, R., Odongo, D., Lekolool, I., Kariuki, E., Gakuya, 

F., Kamau, L., Isezaki, M., Murata, S., Ohashi, K. (2014). Identification and 

sequence characterization of novel Theileria genotypes from the waterbuck (Kobus 

defassa) in a Theileria parva-endemic area in Kenya. Vet. Parasitol. 202, 180–193. 

38. Gohil, S., Herrmann, S., Günther, S., Cooke, B. M. (2013). Bovine babesiosis in the 

21st century: Advances in biology and functional genomics. Int. J. Parasitol. 43, 

125–132.  

39. Hamid, O. M. A., Radwan, M. E. I., Ali, A. F. (2014). Biochemical Changes 

Associated with Anaplasma Infection in Cattle. Glob. J. Biotechnol. Biochem. 9, 

19–23. 

40. Hayashida, K., Abe, T., Weir, W., Nakao, R., Ito, K., Kajino, K., Suzuki, Y., 

Jongejan, F., Geysen, D., Sugimoto, C. (2013). Whole-genome sequencing of 

Theileria parva strains provides insight into parasite migration and diversification 

in the african continent. DNA Res. 20, 209–220.  

41. Ica, A., Vatansever, Z., Yildirim, A., Duzlu, O., Inci, A. (2007). Detection of 

Theileria and Babesia species in ticks collected from cattle. Vet. Parasitol. 148, 

156–160.  

42. Jensenius, M., Fournier, P. E., Vene, S., Hoel, T., Hasle, G., Henriksen, A. Z., 

Hellum, K. B., Raoult, D., Myrvang, B. (2003). African tick bite fever in travelers 

to rural sub-Equatorial Africa. Clin. Infect. Dis. 36, 1411–1417.  

43. Jensenius M., Fournier, P. E., Kelly, P. Myrvang, B., Raoult, D. (2003). African 

tick bite fever. lancet- Infect. Dis. 3, 557–564.  

44. Jongejan, F., Uilenberg, G. (2004). The global importance of ticks. Parasitology 

129, 3–14.  

45. Kalume, M. K., Losson, B., Saegerman, C. (2011). Epidemiologie et controle de la 



105 
 

theileriose bovine a T. parva en Afrique : une revue de la littérature. Ann. Méd. Vét. 

155, 88–104. 

46. Kamau, J., de Vos, A. J., Playford, M., Salim, B., Kinyanjui, P., Sugimoto, C. 

(2011). Emergence of new types of Theileria orientalis in Australian cattle and 

possible cause of theileriosis outbreaks. Parasit. Vectors 4, 22.  

47. Kanyari, P. W., Kagira, J. (2000). The role of parasitic diseases as causes of 

mortality in cattle in a high potential area of central Kenya: a quantitative analysis. 

Onderstepoort J. Vet. Res. 67, 157–161.  

48. Karanja, S. M. (2005). Epidemiology and importance of trypanosomosis, 

helminthosis and tick-borne diseases on the performance of cattle in Busia district, 

Kenya. 

49. Kawazu, S. I., Kamio, T., Kakuda, T., Terada, Y., Sugimoto, C., Fujisaki, K. (1999). 

Phylogenetic relationships of the benign Theileria species in cattle and Asian 

buffalo based on the major piroplasm surface protein (p33/34) gene sequences. Int. 

J. Parasitol. 29, 613–618.  

50. Kelly, P. J., Beati, L., Mason, P. R., Matthewman, L. A, Roux, V., Raoult, D. 

(1996). Rickettsia africae sp. nov., the etiological agent of African tick bite fever. 

Int. J. Syst. Bacteriol. 46, 611–614. 

51. Kelly, P. J., Fournier, P. E., Parola, P., Raoult, D. (2003). A survey for spotted 

fever group rickettsiae and ehrlichiae in Amblyomma variegatum from St. Kitts and 

Nevis. Am. J. Trop. Med. Hyg. 69, 58–59. 

52. Kelly, P. J., Mason, P. R., Manning, T., Slater, S. (1991). Role of cattle in the 

epidemiology of tick-bite fever in Zimbabwe. J. Clin. Microbiol. 29, 256–259. 

53. Kiara, H., Jennings, A., Bronsvoort, B. M. D. C., Handel, I. G., Mwangi, S. T., 

Mbole-Kariuki, M., Conradie VAN Wyk, I., Poole, E. J., Hanotte, O., Coetzer, J. A. 

W., Woolhouse, M. E. J., Toye, P. G. (2014). A longitudinal assessment of the 

serological response to Theileria parva and other tick-borne parasites from birth to 

one year in a cohort of indigenous calves in western Kenya. Parasitology 141, 

1289–1298. 

54. Kiltz, H. H., Uilenberg, G., Franssen, F. F., Perié, N. M. (1986). Theileria orientalis 



106 
 

occurs in Central Africa. Res. Vet. Sci. 40, 197-200. 

55. Kocan, K. M., de la Fuente, J., Blouin, E. F., Coetzee, J. F., Ewing, S. A. (2010). 

The natural history of Anaplasma marginale. Vet. Parasitol. 167, 95–107.  

56. Konnai, S., Imamura, S., Nakajima, C., Witola, W. H., Yamada, S., Simuunza, M., 

Nambota, A., Yasuda, J., Ohashi, K., Onuma, M. (2006). Acquisition and 

transmission of Theileria parva by vector tick, Rhipicephalus appendiculatus. Acta 

Trop. 99, 34–41. 

57. Latif, A. A., Rowlands, G. J., Punyua, D. K., Hassan, S. M., Capstick, P. B., (1995). 

An epidemiological study of tick-borne diseases and their effects on productivity of 

zebu cattle under traditional management on Rusinga Island, western Kenya. Prev. 

Vet. Med. 22, 169–181.  

58. Loftis, A. D., Reeves, W. K., Szumlas, D. E., Abbassy, M. M., Helmy, I. M., 

Moriarity, J. R., Dasch, G. A. (2006). Rickettsial agents in Egyptian ticks collected 

from domestic animals. Exp. Appl. Acarol. 40, 67–81.  

59. M’ghirbi, Y., Hurtado, A., Brandika, J., Khlif, K., Ketata, Z., Bouattour,  A. 

(2008). A molecular survey of Theileria and Babesia parasites in cattle, with a note 

on the distribution of ticks in Tunisia. Parasitol. Res. 103, 435–442.  

60. Macaluso, K. R., Davis, J., Alam, U., Korman, A., Rutherford, J. S., Rosenberg, R., 

Azad, A. F. (2003). Spotted fever group Rickettsiae in ticks from the Masai mara 

region of Kenya. Am. J. Trop. Med. Hyg. 68, 551–553. 

61. Mahmmod, Y. S. (2012). Molecular Detection of Natural Babesia bovis Infection 

from Clinically Infected and Apparently Healthy Water Buffaloes (Bubalus 

bubalis) and Crossbred Cattle. J. Buffalo Sci. 1, 55–60.  

62. Mahmmod, Y. S., El-Balkemy, F. A., Yuan, Z. G., El-Mekkawy, M. F., Monazie,  

A. M., Zhu, X. Q. (2010). Field evaluation of PCR assays for the diagnosis of 

tropical theileriosis in cattle and water buffaloes in Egypt. J. Anim. Vet. Adv. 9, 

696-699. 

63. Maina, A. N., Jiang, J., Omulo, S. A., Cutler, S. J., Ade, F., Ogola, E., Feikin, D. R., 

Njenga, M. K., Cleaveland, S., Mpoke, S., Ng’ang'a, Z., Breiman, R. F., Knobel, D. 

L., Richards, A. L. (2014). High Prevalence of Rickettsia africae Variants in 



107 
 

Amblyomma variegatum Ticks from Domestic Mammals in Rural Western Kenya: 

Implications for Human Health. Vector-Borne Zoonotic Dis. 14, 693–702.  

64. Marquez, F. J., Muniain, M. A., Soriguer, R. C., Izquierdo, G., Rodriguez-Bano, J., 

Borobio, M. V. (1998). Genotypic Identification of an Undescribed Spotted Fever 

Group. Am. J. Med. Hyg. 58, 570–577. 

65. Martín-Sánchez, J., Viseras, J., Adroher, F. J., García-Fernández, P. (1999). Nested 

polymerase chain reaction for detection of Theileria annulata and comparison with 

conventional diagnostic techniques: Its use in epidemiology studies. Parasitol. Res. 

85, 243–245.  

66. Mbogo, S. K., (1996). Epidemiology of ticks and tick-borne diseases in Kenya: 

Future research needs and priorities, in: Irvin A. D., M. J. J. and P. B. D. (Ed.), 

Epidemiology of Ticks and Tick-Borne Diseases in Eastern, Central and Southern 

Africa. Proceedings of a Workshop Held in Harare, Nairobi, p. 174. 

67. McFadden, A. M. J., Rawdon, T. G., Meyer, J., Makin, J., Morley, C. M., Clough, 

R. R., Tham, K., Mullner, P., Geysen, D. (2011). An outbreak of haemolytic 

anaemia associated with infection of Theileria orientalis in naive cattle. N. Z. Vet. J. 

59, 79-85. 

68. Mediannikov, O., Diatta, G., Zolia, Y., Balde, M. C., Kohar, H., Trape, J. F., Raoult, 

D. (2012). Tick-borne rickettsiae in Guinea and Liberia. Ticks Tick. Borne. Dis. 3, 

43–48.  

69. Minjauw, B., Mcleod, A. (2003). Tick-borne diseases and poverty. The impact of 

ticks and tick-borne diseases on the livelihood of small-scale and marginal 

livestock owners in India and eastern and southern Africa. Research report, DFID 

Animal Health Programme, Centre for Tropical Veterinary Medicine, University of 

Edinburgh, UK. DFID Animal Health Programme, Centre for Tropical Veterinary 

Medicine, University of Edinburgh, UK. 

70. Moll, G., Lohding, A. (1984). Epidemiology of theileriosis in the Trans-Mara 

Division, Kenya: husbandry and disease background and preliminary investigations 

on theilerioses in calves. Preyentive Vet. Med. 2, 801–831. 

71. Moll, G., Lohding, A., Young, A. S., Leitch, B. L. (1986). Epidemiology of 



108 
 

theileriosis in calves in an endemic area of kenya. Vet. Parasitol. 19, 255–273. 

72. Morita, C., El Hussein, A. R. M., Matsuda, E., Abdel Gabbar, K. M. A., Muramatsu, 

Y., Abdel Rahman, M.B., Hassan Eleragi, A.M., Hassan, S.M., Chitambo, A.M., 

Ueno, H. (2004). Spotted fever group rickettsiae from ticks captured in Sudan. Jpn. 

J. Infect. Dis. 57, 107–109. 

73. Mosqueda, J., Olvera-Ramirez,  A., Aguilar-Tipacamu, G. J., Canto, G. (2012). 

Current Advances in Detection and Treatment of Babesiosis. Curr. Med. Chem. 19, 

1504–1518. 

74. Mulei, C. M., Gitau, G. K., Mbuthia, P. G. (1995). Causes of calf mortality in 

Kabete area of Kenya. Onderstepoort J. Vet. Res. 62, 181-185. 

75. Mulei, C. M., Rege, J. E. O. (1989). An examination of the incidences of East Coast 

fever (ECF), anaplasmosis and babesiosis in the bovine in Kabete area of Kiambu 

District of Kenya. Bull. Anim. Health. Prod. Afr. 37, 213-216. 

76. Muraguri, G. R., McLeod, A., McDermott, J. J., Taylor, N. (2005). The incidence 

of calf morbidity and mortality due to vector-borne infections in smallholder dairy 

farms in Kwale District, Kenya. Vet. Parasitol. 130, 305–315. 

77. Mutai, B. K., Wainaina, J. M., Magiri, C. G., Nganga, J. K., Ithondeka, P. M., Njagi, 

O. N., Jiang, J., Richards, A. L., Waitumbi, J. N. (2013). Zoonotic Surveillance for 

Rickettsiae in Domestic Animals in Kenya. Vector-Borne Zoonotic Dis. 13, 360–

366. 

78. Nakao, R., Qiu, Y., Igarashi, M., Magona, J. W., Zhou, L., Ito, K., Sugimoto, C. 

(2013). High prevalence of spotted fever group rickettsiae in Amblyomma 

variegatum from Uganda and their identification using sizes of intergenic spacers. 

Ticks Tick. Borne. Dis. 4, 506–512.  

79. Nakao, R., Qiu, Y., Salim, B., Hassan, S. M., Sugimoto, C. (2015). Molecular 

Detection of Rickettsia africae in Amblyomma variegatum Collected from Sudan. 

Vector-Borne Zoonotic Dis. 15, 323–325.  

80. Nayel, M., El-Dakhly, K. M., Aboulaila, M., Elsify, A., Hassan, H., Ibrahim, E., 

Salama, A., Yanai, T. (2012). The use of different diagnostic tools for Babesia and 

Theileria parasites in cattle in Menofia, Egypt. Parasitol. Res. 111, 1019–1024.  



109 
 

81. Ndip, L. M., Biswas, H. H., Nfonsam, L. E., LeBreton, M., Ndip, R. N., Bissong, M. 

A., Mpoudi-Ngole, E., Djoko, C., Tamoufe, U., Prosser, A. T., Burke, D. S., Wolfe, 

N. D. (2011). Risk factors for African tick-bite fever in rural central Africa. Am. J. 

Trop. Med. Hyg. 84, 608–613.  

82. Ndip, L. M., Bouyer, D. H., Travassos Da Rosa, A. P. A, Titanji, V. P. K., Tesh, R. 

B., Walker, D. H. (2004). Acute Spotted Fever Rickettsiosis among Febrile Patients, 

Cameroon. Emerg. Infect. Dis. 10, 432–437. 

83. Ndip, L. M., Fokam, E. B., Bouyer, D. H., Ndip, R. N., Titanji, V. P. K., Walker, D. 

H., McBride, J. W., (2004). Detection of Rickettsia africae in patients and ticks 

along the coastal region of Cameroon. Am. J. Trop. Med. Hyg. 71, 363–366.  

84. Ngumi, P. N., Lesan,  A. C., Williamson, S. M., Awich, J. R., Morzaria, S. P., 

Dolan, T. T., Shaw, M. K., Young, A. S. (1994). Isolation and preliminary 

characterisation of a previously unidentified Theileria parasite of cattle in Kenya. 

Res. Vet. Sci. 57, 1–9.  

85. Njiiri, E. N. (2012). The occurrence of Ehrlichia ruminantium and other 

haemoparasites in calves in western Kenya determined by reverse line blot 

hybridization assay , real-time PCR and nested PCR. MSc dissertation, University 

of Pretoria, Pretoria. http://upetd.up.ac.za/thesis/available/etd- 07102013-172020. 

86. Njiiri, N. E., Bronsvoort, B. M. deC., Collins, N. E., Steyn, H. C., Troskie, M., 

Vorster, I., Thumbi, S. M., Sibeko, K. P., Jennings, A., Van Wyk, I. C., 

Mbole-Kariuki, M., Kiara, H., Poole, E. J., Hanotte, O., Coetzer, K., Oosthuizen, M. 

C., Woolhouse, M., Toye, P. (2015). The epidemiology of tick-borne 

haemoparasites as determined by the reverse line blot hybridization assay in an 

intensively studied cohort of calves in western Kenya. Vet. Parasitol. 210, 69-76.  

87. Odongo, D., Kiara H., Perry, B., Skilton, R., Bishop, R. (2003). An Investigation 

Into the carrier state of Theileria parva by the polymerase chain reaction assay. 

Proc. 10th Int. Symp. Vet. Epidemiol. Econ. 1–3. 

88. Ogo, N. I., de Mera, I. G. F., Galindo, R. C., Okubanjo, O. O., Inuwa, H. M., 

Agbede, R. I. S., Torina, A., Alongi, A., Vicente, J., Gortázar, C., De la Fuente, J. 

(2012). Molecular identification of tick-borne pathogens in Nigerian ticks. Vet. 



110 
 

Parasitol. 187, 572–577.  

89. Okuthe, O. S., Buyu, G. E. (2006). Prevalence and incidence of tick-borne diseases 

in smallholder farming systems in the western-Kenya highlands. Vet. Parasitol. 141, 

307–312.  

90. Ota, N., Mizuno, D., Kuboki, N., Igarashi, I., Nakamura, Y., Yamashina, H., 

Hanzaike, T., Fujii, K., Onoe, S., Hata, H., Kondo, S., Matsui, S., Koga, M., 

Matsumoto, K., Inokuma, H., Yokoyama, N. (2009). Epidemiological survey of 

Theileria orientalis infection in grazing cattle in the eastern part of Hokkaido, 

Japan. J. Vet. Med. Sci. 71, 937–944.  

91. Oura, C. A. L., Bishop, R., Wampande, E. M., Lubega, G. W., Tait, A. (2004). The 

persistence of component Theileria parva stocks in cattle immunized with the 

“Muguga cocktail” live vaccine against East Coast fever in Uganda. Parasitology. 

129, 27-42. 

92. Oura, C. A. L., Tait, A., Asiimwe, B., Lubega, G. W., Weir, W. (2011). Theileria 

parva genetic diversity and haemoparasite prevalence in cattle and wildlife in and 

around Lake Mburo National Park in Uganda. Parasitol. Res. 108, 1365–1374.  

93. Panaccio, M., Lew, A. (1991). PCR based diagnosis in the presence of 8% (v/v) 

blood. Nucleic Acids Res. 19, 1151. 

94. Pangui L. J., Salifou, S. (1992). Enquêtes parasitologiques sur les hemoparasites 

des bovins transmis par les tiques au Benin. World Anim. Rev. 73, 48–50. 

95. Parola, P., Inokuma, H., Camicas, J. L., Brouqui, P., Raoult, D. (2001). Detection 

and identification of spotted fever group Rickettsiae and Ehrlichiae in African ticks. 

Emerg. Infect. Dis. 7, 1014–1017. 

96. Parola, P., Paddock, C. D., Raoult, D. (2005). Tick-borne rickettsioses around the 

world: Emerging diseases challenging old concepts. Clin. Microbiol. Rev. 18, 719–

756. 

97. Parola, P., Vestris, G., Martinez, D., Brochier, B., Roux, V., Raoult, D. (1999). 

Tick-borne rickettiosis in Guadeloupe, the French West Indies: Isolation of 

Rickettsia africae from Amblyomma variegatum ticks and serosurvey in humans, 

cattle, and goats. Am. J. Trop. Med. Hyg. 60, 888–893. 



111 
 

98. Radwan, M. E. I., Ali, A. F., Hamied, O. A., (2013). Epidemiological Studies, 

Molecular Diagnosis of Anaplasma marginale in Cattle and Biochemical Changes 

Associated with it in Kaliobia Governorate. Am. J. Infect. Dis. Microbiol. 1, 46–49.  

99. Raoult, D., Fournier, P. E., Fenollar, F., Jensenius, M., Prioe, T., de Pina, J. J., 

Caruso, G., Jones, N., Laferl, H., Rosenblatt, J. E., Marrie, T. J. (2001). Rickettsia 

africae, a tick-borne pathogen in travelers to sub-Saharan Africa. N. Engl. J. Med. 

344, 1504–1510. 

100.Reye, A. L., Arinola, O. G., Hübschen, J. M., Muller, C. P. (2012). Pathogen 

prevalence in ticks collected from the vegetation and livestock in Nigeria. Appl. 

Environ. Microbiol. 78, 2562–2568. 

101.Safieldin A. M., Gadir E. A. A., Elmalik H. K. (2010). Factors affecting seasonal 

prevalence of blood parasites in dairy cattle in Omdurman locality, Sudan. Vet. Res. 

3, 32–37. 

102.Simuunza, M., Weir, W., Courcier, E., Tait, A., Shiels, B. (2011). Epidemiological 

analysis of tick-borne diseases in Zambia. Vet. Parasitol. 175, 331–342.  

103.Skilton, R. A, Bishop, R. P., Katende, J. M., Mwaura, S., Morzaria, S. P. (2002). 

The persistence of Theileria parva infection in cattle immunized using two stocks 

which differ in their ability to induce a carrier state: analysis using a novel blood 

spot PCR assay. Parasitology. 124, 265-276. 

104.Socolovschi, C., Huynh, T. P., Davoust, B., Gomez, J., Raoult, D., Parola, P. (2009). 

Transovarial and trans-stadial transmission of Rickettsiae africae in Amblyomma 

variegatum ticks. Clin. Microbiol. Infect. 15, 317–318.  

105.Socolovschi, C., Mediannikov, O., Raoult, D., Parola, P. (2009). The relationship 

between spotted fever group rickettsiae and ixodid ticks. Vet. Res. 40: 34.  

106.Sparagano, O. A. E., Allsopp, M. T. E. P., Mank, R. A., Rijpkema, S. G. T., 

Figueroa, J. V., Jongejan, F. (1999). Molecular detection of pathogen DNA in ticks 

(Acari: Ixodidae): A review. Exp. Appl. Acarol. 23, 929–960. 

107.Suarez, C. E., Noh, S. (2011). Emerging perspectives in the research of bovine 

babesiosis and anaplasmosis. Vet. Parasitol. 180, 109–125.  

108.Tamura, K., Stecher, G., Peterson, D., Filipski, A., Kumar, S. (2013). MEGA6: 



112 
 

Molecular evolutionary genetics analysis version 6.0. Mol. Biol. Evol. 30, 2725–

2729.  

109.Terkawi, M. A., Alhasan, H., Huyen, N. X., Sabagh, A., Awier, K., Cao, S., Goo, Y. 

K., Aboge, G., Yokoyama, N., Nishikawa, Y., Kalb-Allouz, A. K., Tabbaa, D., 

Igarashi, I., Xuan, X. (2012). Molecular and serological prevalence of Babesia 

bovis and Babesia bigemina in cattle from central region of Syria. Vet. Parasitol. 

187, 307–311.  

110.Terkawi, M. A., Huyen, N. X., Wibowo, P. E., Seuseu, F., Aboulaila, M., Ueno, A., 

Goo, Y. K., Yokoyama, N., Xuan, X., Igarashi, I. (2011). Spherical body protein 4 

is a new serological antigen for global detection of Babesia bovis infection in cattle. 

Clin. Vaccine Immunol. 18, 337–342. 

111.Terkawi, M. A., Seuseu, F. J., Eko-Wibowo, P., Huyen, N. X., Minoda, Y., 

Aboulaila, M., Kawai, S., Yokoyama, N., Xuan, X., Igarashi, I. (2011). Secretion of 

a new spherical body protein of Babesia bovis into the cytoplasm of infected 

erythrocytes. Mol. Biochem. Parasitol. 178, 40–45.  

112.Terkawi, M. A., Huyen, N. X., Shinuo, C., Inpankaew, T., Maklon, K., Aboulaila, 

M., Ueno, A., Goo, Y. K., Yokoyama, N., Jittapalapong, S., Xuan, X., Igarashi, I. 

(2011). Molecular and serological prevalence of Babesia bovis and Babesia 

bigemina in water buffaloes in the northeast region of Thailand. Vet. Parasitol. 178, 

201–207.  

113.Uilenberg, G. (2006). Babesia-A historical overview. Vet. Parasitol. 138, 3–10.  

114.Vercruysse J., Lafia S., Camicas J. L. (1982). Les tiques (Amblyommidae) parasites 

des bovins en Republique populaire du Benin. Rev. Elev. Méd. vét. Pays Trop. 35, 

361–364. 

115.Walker, A. R., Bouattour, A., Camicas, J. L., Estrada-Pena, A., Horak, I. G., Latif, 

A. A., Pegram, R. G., Preston, P. M. (2003). Ticks of domestic animals in Africa: a 

guide to identification of species. Bioscience Reports. 42 Comiston Drive, 

Edinburgh EH10 5QR, Scotland, U.K., pp 1–221. 

116.Wesonga, F. D., Kitala, P. M., Gathuma, J. M., Njenga, M. J., Ngumi, P. N. (2010). 

An assessment of tick-borne diseases constraints to livestock production in a 



113 
 

smallholder livestock production system in Machakos District, Kenya. Livest. Res. 

Rural Dev.22. 

117.World Organization for Animal Health [OIE], 2008. Manual of Diagnostic Tests 

and Vaccines. 

118.Ybanez, A. P., Sivakumar, T., Battsetseg, B., Battur, B., Altangerel, K., Matsumoto, 

K., Yokoyama, N., Inokuma, H. (2013). Specific Molecular Detection and 

Characterization of Anaplasma marginale in Mongolian Cattle. J. Vet. Med. Sci. 75, 

399–406.  

119.Yoshikawa, H., Kimura, M., Ogawa, M., Rolain, J. M., Raoult, D. (2005). 

Laboratory-confirmed mediterranean spotted fever in a Japanese traveler to Kenya. 

Am. J. Trop. Med. Hyg. 73, 1086–1089. 

 
 
 
 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



114 
 

Summary 
 

This dissertation describes studies on the epidemiology of tick-borne pathogens 

of livestock in three African countries and the use of molecular tools for their diagnosis. 

Ticks are known to transmit a large variety of pathogens to animals as well as human, 

causing harmful infections referred to as tick-borne diseases (TBDs). TBDs of livestock 

cause mortalities and morbidities leading to losses in production of milk, meat, and 

other livestock by-products. On the other hand, infected livestock and ticks are 

important reservoirs of zoonotic microorganisms. In Africa, bovine babesiosis, 

theileriosis, anaplasmosis and zoonotic Spotted fever group (SFG) rickettsioses caused 

by Babesia bovis and Babesia bigemina, Theileria spp., Anaplasma marginale and SFG 

Rickettsia spp., respectively, have emerged as animal and human health threatening 

TBDs. Therefore, the necessity to find strategies for controlling these infections is a 

major concern for livestock industry and public health.  

Despite an increasing body of knowledge on the aforementioned TBDs of 

cattle, there are no fully safe and effective vaccines. Currently, assessment of pathogen 

prevalence, genotypes and risk factors such as animal species, breed, age, and ticks 

vectors are the key elements for effective control. With regard to zoonotic rickettsioses, 

the broad range of its symptoms makes the diagnosis difficult and misdiagnosis with 
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other febrile tropical diseases often occurs. Reports of SFG rickettsiae occurrence in the 

area visited by a febrile patient are crucial for the diagnosis and effective treatment of 

the disease. Although bovine babesiosis, theileriosis, anaplasmosis and SFG 

rickettsioses are endemic in Africa, the epidemiological information pertaining to their 

control is insufficient in many countries. Therefore, this study was carried out to gain a 

better insight into the epidemiology of TBDs in Africa. Cattle blood samples from 

Egypt and Kenya; water buffalos blood samples from Egypt and feeding A. variegatum 

ticks from Benin were examined for the presence of B. bigemina, B. bovis, Theileria 

species, A. marginale and SFG ricketsiae. Genetic diversities and pathogens 

phylogenies in relation to other regions of the world were also assessed. B. bovis 

spherical body protein 4 (SBP-4), B. bigemina rhoptry-associated protein 1a (Rap-1a), A. 

marginale major surface protein 5 (Msp5), Rickettsia 16S rDNA, Theileria spp. 18S 

rRNA, T. parva p104 (p104) and T. orientalis major piroplasm surface protein (MPSP) 

were used as the marker genes. The sequences generated from these target genes were 

used to confirm the identity of the pathogens and for molecular evolutionary genetic 

analyses. 

In chapter 1, the molecular prevalence of B. bovis, B. bigemina, A. marginale 

and SFG Rickettsia species in Egyptian livestock under small-scale dairy farming was 
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assessed. A total of 247 blood samples collected from cattle (n=151) and water buffalos 

(n=96) in Beheira and Faiyum Provinces were examined by standard and nested PCR. 

Except SFG rickettsiae, all the above pathogens were detected in the samples. In cattle, 

the prevalence of B. bovis, B. bigemina, and A. marginale was 4.0%, 5.3% and 3.3%, 

respectively, whereas those of water buffalos were 4.2%, 10.4% and 20.8%, respectively. 

B. bigemina prevalence in aged water buffalos (8–10 years) was significantly higher 

than observed in the young (5–7 years) (11.3% versus 6.3%). Among the cattle 

examined, around 10% of the samples were infected with B. bigemina and showed fever 

whereas 4% were healthy but positive for the parasite. In contrast, all the water buffalos 

in this study were clinically healthy although they were positive to tick-borne 

hemoparasites. Taken together, these results indicate that water buffalos are important 

reservoir of tick-borne pathogens, and may act as source of infection for cattle. 

Therefore, water buffalos should be included in strategies for controlling babesiosis and 

anaplasmosis in Egypt.  

In Chapter 2, the impact of co-grazing on the epidemiology of tick-borne 

infections was investigated in Kenya. The prevalence of B. bovis, B. bigemina, Theileria 

species, A. marginale and SFG Rickettsia spp. were determined in 192 cattle blood 

samples collected from Ngong and Machakos farms. Rickettsia species were not 
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detected in any of the samples examined. B. bovis, B. bigemina, T. parva, T. velifera, T. 

taurotragi, T. mutans and A. marginale were prevalent in both farms, whereas T. ovis, 

Theileria sp. (buffalo) and T. orientalis were found only in Ngong farm. Co-infections 

were observed in more than 50% of positive samples in both farms. These findings 

point out that, in Kenya, it is necessary to consider co-infection of cattle with tick-borne 

hemoparasites and the role of wildlife in pathogens transmission when devising 

interventions related to the diagnostic, treatment and prevention of TBDs. 

In Benin, pastoralist and agro-pastoralists who own most of herds are 

sometimes reluctant to blood sampling on their cattle, therefore, in Chapter 3, feeding A. 

variegatum ticks were used as alternative for investigating tick-borne pathogens in the 

country. A total of 910 Amblyomma variegatum ticks collected from 8 different 

locations in North Eastern Benin were tested for B. bigemina, B. bovis, Theileria 

species (T. taurotragi, T. annulata, T. orientalis, T. parva, and T. mutans), A. marginale 

and SFG ricketsiae. Pathogens identified in the ticks included B. bigemina (1/910), B. 

bovis (10/910), T. mutans (4/910), A. marginale (142/910) and SFG rickettsiae 

(267/910). B. bigemina, B. bovis and T. mutans were detected in only one location 

whereas A. marginale and SFG ricketsiae were found in 7 and 8 locations, respectively. 

The prevalence of SFG rickettsiae varied according to the sampling sites and was 
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significantly higher in the female than in the male ticks. The sequences analyses 

demonstrated the presence of Rickettsia africae and/or closely related species in Benin. 

These findings confirm the endemicity of tick-borne hemoparasites in Benin and extend 

the geographic distribution of R. africae and spotted fever rickettsioses in Africa. 

Clinicians in Benin and those treating travelers should be aware that SFG rickettsiae 

infections are among the potential causes of febrile illnesses contracted in the country. 

In Chapter 4, the genetic diversities of B. bovis, B. bigemina, A. marginale 

infecting livestock in Egypt, Kenya and Benin; T. parva and T. orientalis occurring in 

Kenya were investigated. The partial sequences of B. bovis SBP-4, B. bigemina Rap-1a, 

A. marginale Msp 5, T. parva p104 and T. orientalis MPSP genes were amplified 

sequenced and compared. B. bigemina Rap-1a and A. marginale Msp 5 sequences were 

conserved and showed high homology among the isolates from these countries. B. bovis 

SBP-4 sequences from Egyptian cattle, Kenyan cattle, and A. variegatum ticks from 

Benin were similar. However, B. bovis SBP-4 sequences from Egyptian water buffalos 

were 18 nucleotides shorter (503 bp against 521 bp). T. parva and T. orientalis isolated 

in Kenyan cattle farms were polymorphic. Cattle-derived T. parva was detected 

Machakos farm, whereas cattle and buffalo–derived strains were detected in Ngong 

farm suggesting interactions between cattle and wild buffaloes. The T. orientalis 
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genotypes identified were classified as MPSP Type 3 and MPSP Type 5. Noteworthy, 

sequences derived from the hemoparasites isolates in this study were genetically related 

to the other African isolates.  

In conclusion, the use of identical, sensitive molecular assays for detection and 

characterization of tick-borne pathogen in different African countries provides insights 

into epidemiological features specific to each area/countries and favors the comparison 

of isolates. These data set a basis for a regional coordination of strategies for tick-borne 

infections control in Africa. 
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