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Abstract 9 

 10 

Background 11 

Theileriosis is one of the most prevalent infectious diseases of livestock in the Arabian 12 

Peninsula, and causes high rates of mortality and morbidity in sheep and cattle. 13 

However, there is a paucity of information on the distribution of Theileria spp. over 14 

the whole region and their impact on different hosts. The present study carried out a 15 

country-wide molecular survey for Theileria spp. of livestock in Oman across four 16 

governorates. The aim of the survey was to define the prevalence of Theileria spp. in 17 

cattle, sheep and goats, highlight risk factors for infection and identify the main tick 18 

species involved in parasite transmission.  19 

Material and Methods 20 

A total of 2020 animals were examined in the survey consisting of sheep [n=592], 21 

goats [n= 981] and cattle [n= 447]. All three species were raised and co-grazed on the 22 

same farms. Theileria parasites were detected using PCR-RFLP and RLB of the 18S 23 

rRNA gene. Cloning and sequencing of the 18S rRNA was carried out on 11 T. 24 

lestoquardi isolates from Ash-Sharqiyah, and Ad-Dhahira governorates, and 25 

phylogenetic relationships were inferred using additional sequences of T. lestoquardi, 26 

T. annulata and T. ovis available in GenBank.  27 

Results 28 

Theileria spp. prevalence was 72.3%, 36.7% and 2.7% among cattle, sheep and goats, 29 

respectively. Strong similarity in results was obtained using RLB and PCR-RFLP for 30 

detection of Theileria spp. however, RLB detected a higher rate of mixed species 31 

infection than PCR-RFPL (P < 0.001). Theileria annulata was the only parasite 32 

detected in cattle, while sheep and goats carried T. ovis, T. lestoquardi and T. annulata 33 

as well as Theileria sp. OT1. Of the four Theileria spp. detected in small ruminants, 34 

overall T. ovis was most prevalent (sheep [33.4%], goats [2.0%]), whereas T. 35 

lestoquardi was less prevalent (sheep [22.0%], goats [0.5%]). A large proportion of 36 

infected sheep (19%) carried mixed species infection of T. ovis and T. lestoquardi. 37 

However, single T. lestoquardi infections (3.0%) were less prevalent than T. ovis 38 

infections (14.5%).  Risk of Theileria spp. infection was significantly higher for exotic 39 

breeds, relative to native breeds, of cattle (p = 0.00002) and sheep (p = 0.005). 40 

Phylogenetic analysis placed T. lestoquardi in Oman in the same clade as other T. 41 

lestoquardi strains isolated from the same regional area (Iraq and Iran). The main tick 42 

species, identified on the examined animals, Hyalomma anatolicum, was widely 43 

distributed and was found in all of the surveyed governorates. 44 

Conclusion 45 

Theileria spp. of parasite are widespread in Oman with variable prevalence detected in 46 

different regions. Two economically important hosts, cattle and sheep are at high risk 47 

from virulent T. annulata and T. lestoquardi, respectively. The survey indicates 48 

extensive exposure to ticks and transmission of infection that has a significant 49 
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economic impact.  The higher prevalence of T. lestoquardi as mixed rather than single 50 

infection requires further investigation.  51 

 52 

1. Introduction  53 

Theileriosis is a complex parasitic disease of domestic ruminants caused by protozoan 54 

parasites of the genus Theileria and occurs primarily, but not exclusively, in tropical 55 

and subtropical regions (Heidarpour et al., 2009). The genus Theileria comprises more 56 

than 185 different species, with pathogenic species causing disease mainly in domestic 57 

ruminants and horses.  Theileria annulata and T. parva are the most important 58 

pathogens of cattle, while T. lestoquardi, T. luwenshuni and T. uilenbergi are 59 

pathogenic to small ruminants (Panel and Ahaw 2010; Altay et al., 2012; Zaeemi et 60 

al., 2011).  61 

Livestock represents an important economic and cultural heritage in the Arabian 62 

Peninsula. However, livestock sustainability and productivity is hampered by 63 

infectious disease of the region. Malignant theileriosis in cattle and or sheep has been 64 

recorded in Turkey (Sayin et al., 1997), Iran (Hashemi-Fesharki, 1997), Iraq (Latif et 65 

al., 1977), Saudi Arabia (Hussein et al., 1991; El-Metenawy., 1999) and Oman 66 

(Tageldin et al., 2005). In addition, theileriosis is also common in countries, such as 67 

Sudan (Taha et al., 2013), Ethiopia (Gebrekidan et al., 2014) and Somalia (Hassan et 68 

al., 2013) that have close livestock import/export links with Oman. Therefore, 69 

reducing mortality from theileriosis can be regarded as an important strategy to 70 

improve livestock productivity in Oman and other countries of the Arabian Peninsula. 71 

Limited surveys have demonstrated high susceptibility of Omani sheep breeds to T. 72 

lestoquardi (Tageldin et al., 2005, Al-Rubkhi, 2011). Many of these animals become 73 

sick and die before developing microschizonts and the intraerythrocytic piroplasm 74 

stage, and this may contribute to the failure to achieve early diagnosis of disease 75 

caused by this species (Tageldin et al., 2005; Shayan et al., 2011).  However, Omani 76 

goats are more resistant to the disease, with a very low prevalence of Theileria 77 

parasites compared to sheep indicated (Tageldin et al., 2005). A pilot study in the 78 

centre of Oman (Ad-Dakhilia and Al-Batinah) showed that T. ovis and T. lestoquardi 79 

are the major causative agents of ovine theileriosis (Al-Weheibi, 2011). Interestingly, 80 

a large proportion of infected sheep (28%) were found to harbour mixed species 81 

infection of T. ovis, T. lestoquardi and T. annulata. No information is currently 82 

available on the extent of infection caused by pathogenic Theileria species among 83 

cattle in Oman and whether Theileria species from small ruminants can serve as a 84 

reservoir for infection of co-grazed cattle.  85 

The aim of the present study was to identify Theileria species in ovine, bovine and 86 

caprine hosts using molecular assays, and determine the prevalence of Theileria spp. 87 

in four geographically distinct regions to examine the potential for differences with 88 

respect to both region and ruminant host. Moreover, the most common tick species in 89 

areas where theileriosis is endemic and potential risk factors for Theileria infection 90 

were assessed. In addition, the phylogenetic relationship between T. lestoquardi in 91 



4 
 

Oman and in different countries within the general geographical region was 92 

determined.  93 

 94 

2. Materials and methods  95 

2.1 Study area and animals 96 

The study was conducted in four distinct governorates of Oman; Ash-Sharqiyah 97 

(East), Ad-Dhahira (West-north), Al-Batinah (North) and Dhofar (South) (Fig 1). A 98 

total of 2020 blood samples were collected from animals apparently clinically normal 99 

without history of theileriosis between April and August 2014, from the selected 100 

districts. Small ruminants were free ranging during the day and kept in confined areas 101 

(indoors) during the night. Cattle, excluding those in Dhofar, are zero-grazing animals 102 

and kept in-doors: in Dhofar cattle are allowed to graze during the day.  103 

Four ml of blood was collected into EDTA tubes from randomly selected animals 104 

from each herd. Demographic data including age, gender and breed were recorded. 105 

Indigenous, cross and exotic breeds were included for each host: bovine, ovine and 106 

caprine. The exotic breeds were Friesian, Somali, Ethiopian and Pakistani.  107 

2.2. PCR-RFLP analysis 108 

DNA was extracted from 200 μl of blood using the Qiagen mini DNA extraction kit 109 

(Qiagen, Germany), according to the manufacturer's instructions.  All 2020 samples 110 

were screened by PCR using the Theileria genus-specific primers, [forward 5’-GGC 111 

GTT TAT TAG ACC TAA AAC CAA AC-3’ and reverse 5’-TTT GAG CAC TCT 112 

AAT CTC AAA GT-3’], with a single 530 bp fragment of the 18S rRNA gene 113 

amplified for all Theileria species (Al-Hamidhi et al. 2015; 2016). PCR was followed 114 

by RFLP analysis of all positive samples to discriminate different Theileria species, as 115 

described by Heidarpour et al. (2009). Previously analysed DNA samples of T. 116 

annulata, T. ovis and T. lestoquardi were also included in each PCR reaction and 117 

RFLP analysis to act as standards for the assay, details for PCR conditions were as 118 

described  (Heidarpour et al. 2009).  119 

PCR products were digested with the restriction enzyme; HpaII (BioLabs, New 120 

England) according to the manufacturer's instructions. Digested PCR products were 121 

then run on 2.5 % agarose gel, stained with ethidium bromide. Expected sizes of the 122 

fragments obtained from the digested PCR product representing T. annulata were 123 

357bp, 94 bp and 39 bp: for T. lestoquardi 276 bp, 88 bp, 79 bp and 39 bp and for T. 124 

ovis 326 bp 136 bp, 39 bp and 35 bp (Heidarpour Bami et al., 2009).  125 

2.3. RLB hybridization assay for the detection of Theileria/Babesia species in 126 

collected samples 127 

RLB hybridization of the 18S amplicon was performed as previously described 128 

(Gubbels et al., 1999; Schnittger et al. 2004)  with the following modification. For the 129 

amplification of the V4 hypervariable region of the 18S Ribosomal RNA (rRNA) gene 130 
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of Theileria species the forward primer used was RLB-F2 (5′-131 

GACACAGGGAGGTAGTGACAAG) and the reverse primer was RLB-R2 (biotin-132 

5′-CTAAGAATTTCACCTCTGACAGT) as described by (Oura et al., 2003). PCR 133 

reactions were performed in 50 µl, containing 1 x PCR buffer (Thermo Scientific 134 

Corp.), 1.5 mM MgCl2 (Promega, Madison, WI, USA), 200 mM of each dNTP, 2.5 U 135 

of hotstart Taq polymerase (Thermo Scientific Corp.), 25 pmol each of forward and 136 

primers, and 2 µl of template DNA.The  temperture profile for the PCR reactions were 137 

as described (Gubbels et al., 1999; Schnittger et al. 2004)  138 

Genus and species, specific 18S rRNA oligonucleotides with an N-terminal 139 

N-trifluoracctamidohexyl-cyanocthyl, N, N-diisopropyl phosphoamidite [TFA]-C6 140 

amino linker were immobilised on a Biodyne-C nitrocellulose membrane (Gelman 141 

Lab., Pall Corp., United States). Oligonucleotide probes used to detect 142 

Theileria/Babesia species: Theileria and Babesia catch all, Theileria spp. catch all, 143 

Theileria species, specific (T. ovis, T. lestoquardi, T. annulata, T. uilenbergi, T. 144 

luwenshunni, Theileria spp. OT1, T. spp. TO3, T. spp. MK, T. sperata), Babesia spp. 145 

catch all, Babesia species, specific (B. ovis, B. m3, B. m2-2, B. m1, B. motasi, B. cG, 146 

B. cI, B. cT)) were as described (Gubbels et al., 1999; Schnittger et al., 2004). The 147 

oligonucleotides were diluted to previously optimized concentrations ranging from 50 148 

to 300 pmol in 150 μl 500 mM NaHCO3 (pH; 8.4). Probes were covalently linked to 149 

the Biodyne-C membrane as described by Schnittger et al. (2004). For hybridisation, 150 

15 μl of biotin-labelled PCR products were diluted in 2xSSPE/% 0.1 SDS solution to a 151 

total volume of 150 μl. Diluted PCR products were then heated to 99°C for 10 min and 152 

cooled on ice, immediately. Manifold slots were filled with the denatured PCR 153 

products and hybridization preformed at 42 OC for 1 hour. Membranes were then 154 

washed and signal developed as described (Schnittger et al. 2004). Each membrane 155 

was reused up to 12 times. 156 

2.4 Sequence and phylogenetic analysis of T. lestoquardi 18S rRNA gene 157 

A total of 11 randomly samples of T. lestoquardi from Ash-Sharqiyah and Ad- 158 

Dhahira were selected for sequence analysis of the 18S rRNA gene. PCR 159 

amplification, cloning and sequencing were carried out as described previously 160 

(George et al., 2015). Alignment and analysis of the 18S rRNA sequences was 161 

performed using BioEdit version 7.2.5 software (Hall, 1999) to identify novel SNPs 162 

using the available sequence derived from Iran vaccine strain [GenBank: EU915292.1] 163 

as the reference.  164 

Sequences of T. lestoquardi 18S rRNA gene were used to construct a tree using 165 

MEGA 6 (Tamura et al., 2013), in order to trace the predicted phylogenetic 166 

relationship between samples from Oman and additional sequences representing 167 

isolates from Arabia, retrieved from GenBank (accession #: GU726902, KJ024367, 168 

AF081135, EU915292). In addition, T. annulata sequences (accession #: AY260171-169 

72, AY533144, FJ603460) and T. ovis sequences from Sudan, Turkey, Spain and 170 

China (accession #: KF429800.1, M64243.1, AY524666.1, KF42799.1, KF429793.1) 171 
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obtained from gene bank were included in the analyses. Phylogenetic trees were 172 

constructed using maximum likelihood (ML) in the MEGA 6 program. To estimate the 173 

reproducibility of the tree, bootstrapping was performed by tree reconstruction of 174 

random draws of sub-samples 1000 times.  175 

2.5 Identification of tick species  176 

Ticks were removed from infested cattle (n=39), sheep (n=17) and goats (n=16) in Ad-177 

Dhahira and Ash-Sharqiyah governorates of Oman and collected in small labelled 178 

plastic containers containing 70% ethanol. Tick species were then identified 179 

microscopically according to Hoogstraal (1956) and Walker et al., (2003).  180 

2.6 Statistical analyses  181 

The effect of age, gender and breed as risk factors for Theileria infection in Oman was 182 

examined using binomial logistic regression analysis using the Statistical Package for 183 

the Social Sciences (SPSS) program version 19. Reference variables were as follows: 184 

for age group, less than one year old; gender, female and breed, indigenous (Salih et 185 

al., 2007). The program reports an odds ratio (OR) value of one for reference variables 186 

and if the tested variable has an OR of less than one a lower risk is indicated, if greater 187 

than one, elevated risk is indicated and if it more than two, a high risk is predicted for 188 

the factor.   189 

3. Results 190 

3.1 Overall prevalence of Theileria parasite in Oman 191 

A total of 2020 domestic ruminants including 447 cattle, 595 sheep and 981 goats, 192 

from four governorates in Oman, were assayed for infection with Theileria spp. (Fig 193 

1).  The overall prevalence of infection with Theileria spp. among all hosts was 28% 194 

(566/2020). The prevalence varied significantly (P< 0.05) between different hosts, 195 

being higher for cattle (72.3% [323/447]) compared to sheep (36.7% [217/592]), and 196 

was found to be relatively rare in goats (2.7% [26/981]) (Table 1).  197 

3.2 Theileria infection in different geographic locations 198 

The overall prevalence of Theileria spp. differed significantly (P < 0.05) between the 199 

four governorates; being higher in Dhofar 36.1% (173/479), followed by Ad-Dhahira 200 

30.6% (145/474), Ash-Sharqiyah 28.6% (116/405) and Al-Batinah 19.9% (132/662) 201 

(Fig 1). In Dhofar, 80.3 % of cattle were infected, all carrying T. annulata, while 202 

infection with any species in sheep (1.9 %) and goats (0.5 %) was negligible compared 203 

to cattle. In Al-Batinah there was a significant (P < 0.001) difference in infection rate 204 

between cattle (74.4%) and sheep (28.2%), while goats were not infected. In Ad-205 

Dhahira 56.7%, 52.5% and 1.9% of cattle, sheep and goats were infected, respectively, 206 

with no significant differences between cattle and sheep (P=0.294). In Ash-Sharqiyah, 207 

the infection rates were 72.2%, 50% and 9.1% of cattle, sheep and goats, respectively, 208 

with significant differences in the infection between the three hosts (p<0.05). The 209 
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infection rate among goats was significantly higher in Ash-Sharqiyah compared to 210 

other governorates (P<0.001) (Fig 1). 211 

3.3 Comparison between RLB and PCR-RFLP in detection of Theileria spp. 212 

The agreement between RLB and PCR-RFLP for detection of Theileria spp. was 213 

found to be high (95%). Out of 1090 samples examined by both methods, 905 (83.0%) 214 

were negative for both tests while 134 (12.3%) were positive for both tests (Table 2). 215 

For species identification, the agreement between the two tests was 91.9 %. RLB 216 

detected infection rates of 1.1%, 7.3%, 0.6% and 7.2% and PCR-RFLP revealed 3.4%, 217 

5.5%, 0.7% and 3.2% of T. lestoquardi, T. ovis, T. annulata and mixed species, 218 

respectively. There was a substantial agreement between PCR-RFLP and RLB test 219 

results in detection of Theileria species, Cohen's kappa (κ) test, κ -value = 0.695 220 

(Table 2). However, RLB detected significantly (P < 0.001) higher prevalence of 221 

mixed species infection compared to PCR-RFLP. Indeed, 29 samples detected as 222 

single infections of T. lestoquardi by PCR-RFLP were found to carry both T. 223 

lestoquardi and T. ovis by RLB. 224 

3.4 Mixed species infection 225 

Mixed species infection was common among small ruminants surveyed, particularly 226 

sheep; however, it was not detected for cattle, where only T. annulata positive animals 227 

were detected. Approximately 19% of the examined sheep carried mixed infection of 228 

T. ovis and T. lestoquardi, while infection with T. lestoquardi, T. ovis and Theileria sp. 229 

OT1 constituted 0.3% (Table 2). Only, a small proportion of goats carried mixed 230 

species infection (0.5%, [5/981]) (Table 1). 231 

3.5 Host related risk factors associated with Theileria infection  232 

A total of six bovine, four ovine and four caprine breeds were examined in the survey.  233 

Breeds were grouped as indigenous (Omani and Dhofari), cross-breed (Omani with 234 

Friesian and Omani with Najdi) and exotic (Somali, Friesian, Ethiopian and Pakistani). 235 

Exotic ovine and bovine breeds showed a significantly higher risk for Theileria 236 

infection (OR of Theileria infection of 7.07 (p = 0.005) and 3.63 (p= 0.02), 237 

respectively) compared to the indigenous breeds. In addition, an OR of 2.04 was 238 

reported for cross breeds of bovine that was found to be significantly different (p = 239 

0.045) to the infection risk for indigenous breeds. However, no significant difference 240 

in infection rate was seen between caprine breeds (Table 3).  241 

This study examined 97 males versus 496 female sheep, 114 males versus 867 female 242 

goats and 61 males versus 250 female cattle. An odds ratio of more than one was 243 

reported for male hosts in ovine, caprine and bovine (1.56, 1.88 and 1.27 respectively); 244 

however, these ratios were not significantly different (p = 0.105, p = 0.27 and p = 0.52 245 

respectively) compared to female animals (Table 3). 246 
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There was no statistically significant difference in the prevalence of Theileria spp. 247 

infection between different age groups of ovine, caprine and bovine hosts. However, 248 

in bovines an infection pattern was observed, as the prevalence of Theileria positives 249 

increased with age. The infection prevalence starts high in calves (<1 yr) and increased 250 

until the second year of age, after which a slight decrease was observed. Then from the 251 

third year and onward the prevalence of infection again increased with age (Table 3). 252 

3.6 Phylogenetic analysis of T. lestoquardi  253 

Analyses of 11 sequences revealed 5 SNPs within the 695 bp of the 18S rRNA gene. 254 

Thus, 5 distinct T. lestoquardi sequences among Omani isolates were obtained, 255 

suggesting five different genotypes. 256 

The maximum-likelihood phylogenetic tree showed that T. lestoquardi in Oman falls 257 

into the same clade as T. lestoquardi from other countries in the region (Iraq and Iran). 258 

As expected, 18S rRNA sequences of T. lestoquardi, T. annulata and T. ovis fall into 259 

different clades.  However, T. lestoquardi and T. annulata were found to show a close 260 

phylogenetic relationship, with a common ancestor predicted, and showed divergence 261 

from the T. ovis lineage (isolates from Sudan, Turkey, Spain and China) (Fig 2).  262 

3.7 Tick species  263 

To identify the main tick species present in the survey sites, 249 ticks were collected 264 

on animals in two governorates: 155 were on cattle, 52 on sheep and 42 on goats; 265 

indicating a tick load of 3.9, 3 and 2.6 respectively. Of the total collected, 246 were 266 

adult ticks (113 males, 133 females) and 3 were nymphs. Ninety eight percent of the 267 

adult ticks were Hyalomma anatolicum (H. anatolicum). Only one tick of H. 268 

excavatum (atypical specimen) was detected on a bovine, and one female 269 

Rhipicephalus guillhoni was collected from a caprine host. All of the collected 270 

nymphs were of Hyalomma spp. and no larvae were found. Thus, the main tick species 271 

is Hyalomma anatolicum and this species is widely spread in the sampled 272 

governorates.  273 

4. Discussion  274 

Four Theileria species were identified in Oman, T. annulata, T. lestoquardi, T. ovis 275 

and Theileria sp. OT1. Cattle were infected only with T. annulata, while small 276 

ruminants were infected with, T. ovis, T. lestoquardi, T. annulata and Theileria sp. 277 

OT1.  Two species, T. ovis and T. lestoquardi were detected at highest prevalence 278 

among small ruminants; T. lestoquardi is known to be the main causative agent of 279 

ovine theileriosis in Oman (Tageldin et al., 2005), while T. ovis is the dominant 280 

Theileria species in terms of prevalence. A high proportion of sheep carried mixed 281 

infections of T. ovis and T. lestoquardi. This study represents the first systematic 282 

molecular survey of Theileria spp. in the Gulf Co-operation Council countries (GCC, 283 

consisting of Qatar, the UAE, Kuwait, Bahrain, Saudi Arabia and Oman), highlighting 284 

a high risk of livestock to infection by these tick borne parasites.  285 
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The presence of Theileria spp. in small ruminants in Oman is consistent with that seen 286 

in other countries in the middle east and neighbouring countries, Iraq, Pakistan and 287 

Iran (Oliveira et al., 1995; Al-Saeed et al., 2010; Khan et al., 2013).  However, in 288 

Oman T. ovis (10.7%) and T. lestoquardi (6.6%) were less prevalent than in other 289 

countries such as Pakistan (T. lestoquardi [21%], T. ovis [79%]) (Durrani et al., 2011; 290 

Iqbal et al., 2013), and  Sudan, (T. lestoquardi [16.3%], T. ovis [88.6%]) (Elimam, 291 

2010). This regional variation in distribution of T. lestoquardi and T. ovis agrees with 292 

the differing global pattern in prevalence of Theileria spp. For example, in Turkey T. 293 

lestoquardi has not been detected, while T. ovis (34.6%) was common (Altay et al., 294 

2005., 2007, 2012; Aydin et al., 2015, 2013). The differences in distribution of 295 

Theileria spp. in different areas can be explained by variation in environmental 296 

conditions, tick vector abundance, different managements systems and genetic 297 

differences in susceptibility between available ruminant hosts (Chaussepied et al., 298 

2010). Any of these factors could influence the observed heterogeneity in Theileria 299 

infectivity in different governorates in Oman. Differences were also observed between 300 

farms within the same governorate (data not shown) and further surveys controlling 301 

for breed differences, and farm management etc. would need to be performed to fully 302 

understand regional variation in greater detail. 303 

Theileria annulata, which is commonly found in cattle and considered to be highly 304 

pathogenic, was detected in seven small ruminants (1 ovine and 6 caprine). Since 305 

cattle, sheep and goats are raised together on the same farms, it is feasible to propose 306 

that while cattle can be a reservoir for ovine infection, small ruminants are less 307 

susceptible to T. annulata than cattle. Similar findings were reported in Iran, where, T. 308 

annulata was detected in sheep mixed with other species, T. lestoquardi or T. ovis 309 

(Zaeemi et al., 2011; Jalali et al., 2014), in the Sudan, where 7.8% of infected sheep 310 

carried mixed infection of T. annulata and T. lestoquardi (Taha et al., 2013) and in 311 

Turkey (Aktas and Ozubek, 2015). Moreover, antibodies against T. annulata have 312 

been detected in sera of naturally infected sheep (Salih et al., 2003). Experimental 313 

transmission of T. annulata infected cell lines into sheep and goats has been 314 

demonstrated to cause clear symptomatology in sheep but only mild symptoms in 315 

goats (Brown et al., 1998). Additionally, it has been reported that T. annulata 316 

sporozoites can infect sheep and cause mild clinical signs with the appearance of 317 

schizonts in infected animals, although no piroplasms were observed. This observation 318 

indicates that the life cycle of T. annulata is incomplete in sheep (Leemans et al., 319 

1999), and likely plays no role in maintaining a ovine-tick-ovine T. annulata infection 320 

cycle in the field (Li-jun et al., 2013). 321 

In the current study, the prevalence of mixed infection with T. lestoquardi and T. ovis 322 

in sheep (18.5% [110/592]) was higher than single infection of T. ovis 323 

(14.5%[86/592]) or T. lestoquardi (3% [18/592]) (p-value < 0.01). However, in Iran, 324 

mixed infection of these two species were detected at a lower prevalence of 6.6% than 325 

single species infections (Rashidi and Razmi, 2013).  Mixed species infection is a 326 

common feature of protozoan and rickettsial pathogens in nature, including, Theileria 327 
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(Rashidi and Razmi, 2013), Babesia (Aktas and Ozubek, 2015), Plasmodium (Cantas 328 

et al., 2013), Trypanosoma (Gillingwater et al., 2010) and Anaplasma (Aktas et al., 329 

2011; Aktas and Özübek, 2015).  It is not known whether multiple parasite species 330 

infection is driven by environmental, parasite or host factors. However, experimental 331 

data in sheep indicate that T. lestoquardi can protect against subsequent T. annulata 332 

infection (Leemans et al., 1999) and T. annulata can protect against the major clinical 333 

effects of T. lestoquardi infection (Leemans et al., 1999). Moreover a recent study has 334 

suggested that the pathological effect of T. parva is mitigated by the presence of less 335 

pathogenic Theileria spp. resulting in substantial reduction in the risk of morbidity and 336 

mortality due to co-infection by congeneric parasites (Woolhouse et al., 2015). 337 

Whether such a scenario also operates in ovine Theileria infection, with T. ovis 338 

providing protection against clinical signs mediated by the more pathogenic T. 339 

lestoquardi requires further study, including investigation of clinically infected 340 

animals for single or mixed species infection 341 

A previous phylogenetic analysis of T. lestoquardi suggests that isolates derived from 342 

the Al-Batinha governorate in Oman are relatively distinct from isolates from Sudan 343 

and Iran that are known to be pathogenic (Al-Rubkhi, 2011). However, the present 344 

study revealed close relationship between T. lestoquardi in Ash-Sharqiyah and Ad- 345 

Dhahira and other T. lestoquardi strains in the region (Iraq and Iran). This is consistent 346 

with a of regional separation based on 18S rRNA sequences of T. annulata in Iran and 347 

other countries in the region, Iraq and Turkey (Habibi, 2013). The differences between 348 

the findings of the present study and those of Al-Rubkhi (2011) could be due to the 349 

fact that sheep in Al-Batinha are geographically isolated from those in Ash-Sharqiyah 350 

and Ad- Dhahira. Thus, further analysis of T. lestoquardi in Al-Batinha is needed to 351 

verify this observation.    352 

Theileria sp. OT1 was detected in three small ruminants Omani breeds from Ash-353 

Sharqiyah governorate together with T. ovis and T. lestoquardi. This is the first report 354 

of this species in Oman. There is currently not much information about the 355 

pathogenicity of Theileria sp. OT1, but it has been linked to the pathogenic 356 

Theileria sp. China 1 (Altay et al., 2012; Nagore et al., 2004). However, it has also 357 

been suggested that Theileria sp. OT1 is not a pathogenic species, since it was found 358 

in asymptomatic animals and does not alter red blood cell parameters (Nagore et al., 359 

2004). Further work is required to establish any clinical impact of this species on 360 

ovines in Oman.  361 

The most common risk factors associated with Theileria spp. infection in Oman were 362 

found to be host type (cattle, sheep or goats) and breed. Cattle and sheep were highly 363 

susceptible to Theileria infection, while goats appeared to be less so, although regional 364 

variation in goat infectivity was detected. The overall rate of infectivity among goats 365 

was 2.7% comapred to 36.7% and 72.3% in sheep and cattle, respectively. This agrees 366 

with the fidings of many studies in other regions (Altay et al., 2007; Gebrekidan et al., 367 

2014). For example, in Turkey the prevalence of Theileria spp. among goats (11.27 %) 368 

was much lower than in sheep and cattle (58.79%) in the same area (Altay et al., 369 
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2007). This has been attributed to the nature of the skin of goats, which is more 370 

resistant to tick attachment compared to sheep (Fatima et al., 2015). It has also been 371 

hypothesised that sporozoites of T. parva are not able to easily invade caprine 372 

lymphocytes (Syfrig et al., 1998), but whether this applies to T. annulata and the ovine 373 

Theileria species is not known. Further studeis are needed to examine attributes of low 374 

suscepotibility of goats in Oman to Theileria spp. 375 

Exotic breeds of bovine and ovine are highly susceptible to Theileria spp. compared to 376 

indigenous and cross breeds. Indigenous breeds are known to have a natural ability to 377 

develop higher levels of resistance to tick borne diseases (TBDs) compared to cross 378 

and exotic breeds  (Gebrekidan et al., 2014; Salih et al., 2007). This can lead to 379 

clearance of infection or a reduction in the parasite load and this might explain why 380 

indigenous breeds showed a lower Theileria spp. infection prevalence in comparison 381 

to exotic breeds in our study. These results are consistent with the findings of a study 382 

in Sudan which reported that T. annulata infection was 70% lower among the local 383 

breed (kenana) compared to the non-local (Friesian) (Bakheit and Latif, 2002). 384 

In summary, this study demonstrated a widespread distribution of Theileria spp. 385 

among domestic ruminants in Oman with exotic breeds of cattle and sheep more 386 

susceptible to Theileria infection than local breeds. Further studies are required to 387 

investigate the cost benefit of native breed resistance versus exotic breed productivity 388 

gain and the impact of mixed species infection on manifestation of clinical disease. 389 

This data would be of benefit in formulation of a national control strategy for 390 

theileriosis and other tick borne diseases of domestic animals in Oman. 391 
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Table 1: Distribution of Theileria species in ovine, caprine and bovine hosts across 

four studied governorates. 

 
Ovine 

n = 592 

Caprine 

n = 981 

Bovine 

n = 447 

Total 

n= 2020 

 Positive cases (%) 217 (36.7) 26 (2.7) 323(72.3) 566 (28) 

Single 

Infection 

T. lestoquardi 18 (3.0) - - 18 (0.89) 

T. ovis 86 (14.5) 15 (1.5) - 101 (5) 

T. annulata 1  (0.2) 6 (0.6) 323(72.3) 330 (16.3) 

Mixed 

Infection 

T. lestoquardi/ T. ovis 110(18.5) 4 (0.4) - 114 (5.6) 

T. lestoquardi/ T. 

ovis/T. sp OT1 
2 (0.3) 1(0.1) - 3 (0.15) 

n; number of samples 
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Table 2: Comparison of PCR-RFLP and RLB assays in the detection for Theileria spp. in 1090 blood samples of small ruminants 

in Oman. 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

RLB Total  

No.(%) negative T. lestoquardi T. ovis T. annulata Mixed*  

PCR-

RFLP 

negative 905 4 30 0 9 948 (86.9) 

T. lestoquardi 2 7 0 0 29 38 (3.4) 

T. ovis 5 1 49 0 6 61 (5.6) 

T. annulata 0 0 1 7 0 8 (0.7) 

Mixed*  1 0 0 0 34 35 (3.2) 

Total No. (%) 913 (83.7) 12 (1.1) 80 (7.3) 7 (0.6) 78(7.2) 1090 

*Mixed: mixed species with T. ovis and T. annulata. No: number of samples. Cells highlighted with dark-grey: 

negative results, light-grey: number of samples that have same result from both tests. Underlined blue numbers: 

number of samples which show a different result with each of the test. The percentages were calculated out of total 

samples (1090). 
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Table 3: Odds ratio of the risk factors of Theileria spp. infection obtained from logistic regression analysis 

Risk 

factors  

Level Ovine   Caprine  Bovine  

OR (95% CI) P OR (95% CI) P OR (95% CI) P 

Breeds Indigenous  1  1  1  

 Cross  0.89 (0.56 -1.41) 0.608 - - 2.04 (1.02- 4.09) 0.045 

 Exotic  7.07  (1.80 – 27.79)  0.005 0.00 0.998 3.63 (1.22-10.8) 0.020 

Gender Female  1  1  1  

 Male  1.56  (0.91- 2.65) 0.105 1.88 (0.61- 5.79) 0.272 1.27 (0.61- 2.66)  0.520 

Age 

groups  

>1 year  1  1  1  

1-2 years 1.02 (0.59- 1.79) 0.935 2.37 (0.619.22) 0.213 2.02 (0.69-5.95) 0.203 

2-3 years 1.34 (0.78- 2.32) 0.294 1.82 (0.45-7.32) 0.401 0.82 (0.371.80) 0.620 

3-4 years 1.29 (0.71- 2.36) 0.401 0.62 (0.10-3.82) 0.602 1.36 (0.613.02) 0.456 

4-5 years 2.30 (1.05- 5.04) 0.037 1.09 (0.18-6.86) 0.924 1.88 (0.794.51) 0.155 

>5 years 1.12 (0.45- 2.82)  0.806 2.84 (0.55-14.7) 0.212 2.43 (1.10-5.35) 0.028 
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Fig 1: Prevalence of Theileria  spp. among ovine, caprine and bovine hosts in four 

governorates in Oman  
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Fig 2: Phylogenetic tree constructed using 18s rRNA gene sequences of T. 

lestoquardi, T. annulata and T. ovis. The phylogenetic tree was constructed using the 

Maximum Likelihood method based on the Jukes-Cantor model in MEGA 6 

program. The accession number of number of available reference sequences is 

indicated.  

  



17 
 

 

References   

Aktas, M., Altay, K., Dumanli, N., 2011. Ticks and Tick-borne Diseases Molecular 

detection and identification of Anaplasma and Ehrlichia species in cattle from 

Turkey ଝ. Ticks Tick. Borne. Dis. 2, 62–65. doi:10.1016/j.ttbdis.2010.11.002 

Aktas, M., Ozubek, S., 2015. Molecular and Parasitological Survey of Bovine 

Piroplasms in the Black Sea Region , Including the First Report of Babesiosis 

Associated with Babesia divergens in Turkey. J. Med. Entomol. 52, 1344–1350. 

doi:10.1093/jme/tjv126 

Aktas, M., Özübek, S., 2015. Bovine anaplasmosis in Turkey : First laboratory con fi 

rmed clinical cases caused by Anaplasma phagocytophilum. Vet. Microbiol. 

178, 246–251. doi:10.1016/j.vetmic.2015.05.021 

Al-Hamidhi, S., H Tageldin, M., Weir, W., Al-Fahdi, A., Johnson, E.H., Bobade, P., 

Alqamashoui, B., Beja-Pereira, A., Thompson, J., Kinnaird, J., Shiels, B., Tait, 

A., Babiker, H., 2015. Genetic Diversity and Population Structure of Theileria 

annulata in Oman. PLoS One 10, e0139581. doi:10.1371/journal.pone.0139581 

Al-Hamidhi, S., Weir, W., Kinnaird, J., Tageledin, M., Beja-Pereira, A., Morrison, I., 

Thompson, J., Tait, A., Shiels, B., Babiker, H.A., 2016. Theileria lestoquardi 

displays reduced genetic diversity relative to sympatric Theileria annulata in 

Oman. Infect. Genet. Evol. 43, 297–306. doi:10.1016/j.meegid.2016.05.007 

Al-Khalifa, M.S., Hussein, H.S., Diab, F.M., Khalil, G.M., 2009. Blood parasites of 

livestock in certain Regions in Saudi Arabia. Saudi J. Biol. Sci. 16, 63–7. 

doi:10.1016/j.sjbs.2009.10.002 

Al-Rubkhi, M.A.M., 2011. Molecular detection and identificartion of Theileria 

species in sheep in Oman. Sultan Qaboos University. 

Al-Saeed, A.T.M., Omer, L.T., Abdo, J., Habibi, G., Salih, D. a., Seitzer, U., Ahmed, 

J., 2010. Epidemiological studies on tropical theileriosis (Theileria annulata 

infection of cattle) in Kurdistan Region, Iraq. Parasitol. Res. 106, 403–407. 

doi:10.1007/s00436-009-1675-7 

Altay, K., Aktas, M., Dumanli, N., 2007. Theileria Infections in Small Ruminants in 

the East and Southeast Anatolia. Turkiye Parazitol Derg. 31, 268–271. 

Altay, K., Dumanli, N., Aktas, M., 2007. Molecular identification, genetic diversity 

and distribution of Theileria and Babesia species infecting small ruminants. Vet. 

Parasitol. 147, 161–5. doi:10.1016/j.vetpar.2007.04.001 

Altay, K., Dumanli, N., Holman, P.J., Aktas, M., 2005. Detection of Theileria ovis in 

naturally infected sheep by nested PCR. Vet. Parasitol. 127, 99–104. 

doi:10.1016/j.vetpar.2004.09.012 

Altay, K., Dumanli, N., Munir, A., 2012. A study on ovine tick-borne 

hemoprotozoan parasites (Theileria and Babesia) in the East Black Sea Region 

of Turkey. Parasitol. Res. 111, 149–153. doi:10.1007/s00436-011-2811-8 

Al-Weheibi, H., 2011. Studies on theileriosis in indigenous sheep in Al-Batinah and 

A’Dakheliya regions of Oman. Sultan Qaboos University. 

Aydin, M.F., Aktas, M., Dumanli, N., 2015. Molecular identification of Theileria and 



18 
 

Babesia in ticks collected from sheep and goats in the Black Sea region of 

Turkey. Parasitol. Res. 114, 65–69. doi:10.1007/s00436-014-4160-x 

Aydin, M.F., Aktas, M., Dumanli, N., 2013. Molecular identification of Theileria and 

Babesia in sheep and goats in the Black Sea Region in Turkey. Parasitol. Res. 

112, 2817–2824. doi:10.1007/s00436-013-3452-x 

Bakheit, M.A., Latif, A.A., 2002. The innate resistance of Kenana cattle to tropical 

theileriosis (Theileria annulata infection) in the Sudan. Ann. N. Y. Acad. Sci. 

969, 159–63. 

Brown, C.G.D., Ilhan, T., Thomas, E., Wilkie, G., Leemans, I., Hooshmand-rad, P., 

1998. Thieleria lestoquardi and T.annulata in cattle, sheep and goats. Ann. N. Y. 

Acad. Sci. 849, 44–51. doi:10.1111/j.1749-6632.1998.tb11032.x 

Cantas, L., Shah, S.Q.A., Cavaco, L.M., Manaia, C.M., Walsh, F., Popowska, M., 

Garelick, H., Bürgmann, H., Sørum, H., 2013. A brief multi-disciplinary review 

on antimicrobial resistance in medicine and its linkage to the global 

environmental microbiota. Front. Microbiol. 4, 96. 

doi:10.3389/fmicb.2013.00096 

Chaussepied, M., Janski, N., Baumgartner, M., Lizundia, R., Jensen, K., Weir, W., 

Shiels, B.R., Weitzman, J.B., Glass, E.J., Werling, D., Langsley, G., 2010. 

TGF-b2 induction regulates invasiveness of Theileria-transformed leukocytes 

and disease susceptibility. PLoS Pathog. 6, e1001197. 

doi:10.1371/journal.ppat.1001197 

Durrani, A.Z., Younus, M., Kamal, N., Mehmood, N., Shakoori, A.R., 2011. 

Prevalence of Ovine Theileria Species in District Lahore , Pakistan 43, 57–60. 

El-Azazy, El-Metenawy, T.M., Wassef, H.Y., 2001. Hyalomma impeltatum (Acari: 

Ixodidae) as a potential vector of malignant theileriosis in sheep in Saudi 

Arabia. Vet. Parasitol. 99, 305–309. doi:10.1016/S0304-4017(01)00468-X 

Elimam, A.H., 2010. Pathogenesis and susceptibility of sheep to Theileria 

lestoquardi and molecular detection of other ovine Theileria species in the 

Sudan . By. University of Khartoum. 

El-Metenawy, T.M., 1999. Blood parasites of sheep and goats at Al-Qasim region, 

Saudi Arabia. Pakistan Vet. J. 19, 43–45 

Fatima, M., Saeed, S., Shaikh, R.S., Ali, M., Iqbal, F., 2015. A Study on Molecular 

Detection of Theileria lestoquardi by PCR Amplification in Apparently Healthy 

Small Ruminants from Five Districts of Southern Punjab 47, 441–446. 

García-Sanmartín, J., Nagore, D., García-Pérez, A.L., Juste, R. a, Hurtado, A., 2006. 

Molecular diagnosis of Theileria and Babesia species infecting cattle in 

Northern Spain using reverse line blot macroarrays. BMC Vet. Res. 2, 16. 

doi:10.1186/1746-6148-2-16 

Gebrekidan, H., Hailu, A., Kassahun, A., Rohoušová, I., Maia, C., Talmi-Frank, D., 

Warburg, A., Baneth, G., 2014. Theileria infection in domestic ruminants in 

northern Ethiopia. Vet. Parasitol. 200, 31–38. doi:10.1016/j.vetpar.2013.11.017 

George, N., Bhandari, V., Reddy, D.P., Sharma, P., 2015. Molecular and 

Phylogenetic analysis revealed new genotypes of Theileria annulata parasites 

from India. Parasit. Vectors 8, 468. doi:10.1186/s13071-015-1075-z 



19 
 

Gillingwater, K., Mamabolo, M. V, Majiwa, P.A.O., 2010. Prevalence of mixed 

Trypanosoma congolense infections in livestock and tsetse in KwaZulu-Natal, 

South Africa. J. S. Afr. Vet. Assoc. 81, 219–23. 

Gubbels, J.M., Vos, A.P. DE, Weide, M. VAN DER, Viseras, J., Schouls, L.M., 

Vries, E. DE, Jongejan, F., 1999. Simultaneous Detection of Bovine Theileria 

and Babesia Species by Reverse Line Blot Hybridization. J. Clin. Microbiol. 37, 

1782–1789. 

Habibi, G., 2013. A comparative phylogenetic analysis of Theileria spp. . by using 

two ‘ 18S ribosomal RNA ’ and ‘ Theileria annulata merozoite surface antigen ’ 

gene sequences 68, 47–52. 

Hall, T.A.  1999.  BioEdit: a user-friendly biological sequence alignment editor and 

analysis  program for Windows 95/98/NT.  Nucl. Acids. Symp. Ser. 41:95-98. 

Hashemi-Fesharki, R., 1997. Tick-borne diseases of sheep and goats and their related 

vectors in Iran. Parassitologia 39, 115–7. 

Hassan, A.A., Ibrahim, A.M., Mohamed, R.H., Aden, H.H., 2013. Preliminary 

Assessment of Goat Piroplasmosis in Benadir Region, Somalia. Open J. Vet. 

Med. 3, 273–276. doi:10.4236/ojvm.2013.36044 

Heidarpour, M., Haddadzadeh, H.R., Kazemi, B., Khazraiinia, P., Bandehpour, M., 

Aktas, M., 2009. Molecular identification of ovine Theileria species by a new 

PCR-RFLP method. Vet. Parasitol. 161, 171–177. 

doi:10.1016/j.vetpar.2009.01.035 

Hoogstraal, H., 1956. Notes on African Haemaphysalis ticks. III. The hyrax 

parasites, H. bequaerti sp. nov., H. orientalis N. and W., 1915 (new 

combination), and H. cooleyi Bedford, 1929 (Ixodoidea, Ixodidae). J. Parasitol. 

42, 156–72. 

Hussein, H.S., Al-Asgah, N.A., Al-Khalifa, M.S., Diab, F.M., 1991. The blood 

parasites of indigenous livestock in Saudi Arabia. Arab Gulf J. Sci. Res. 9, 143–

160.  

Iqbal, F., Khattak, R., Ozubek, S., Khattak, M., Rasul, A., Aktas, M., 2013. 

Application of the Reverse Line Blot Assay for the Molecular De- tection of 

Theileria and Babesia sp. in Sheep and Goat Blood Samples from Pakistan. Iran. 

J. Parasitol. 8, 289–295. 

Jalali, S.M., Khaki, Z., Kazemi, B., Rahbari, S., Shayan, P., Bandehpour, M., Yasini, 

S.P., 2014. Molecular Detection and Identification of Theileria Species by PCR-

RFLP Method in Sheep from Ahvaz, Southern Iran. Iran. J Parasitol 9, 99–106. 

Khan, M.K., He, L., Hussain, A., Azam, S., Zhang, W.-J., Wang, L.-X., Zhang, Q.-

L., Hu, M., Zhou, Y.-Q., Zhao, J., 2013. Molecular epidemiology of Theileria 

annulata and identification of 18S rRNA gene and ITS regions sequences 

variants in apparently healthy buffaloes and cattle in Pakistan. Infect. Genet. 

Evol. 13, 124–32. doi:10.1016/j.meegid.2012.09.007 

Latif BM, Hawa NJ and Bakir FA. 1977. Incidence of malignant theileriosis 

(Theileria hirci) of sheep in Iraq. Iraq J Vet Med, 1: 124-128. 

Leemans, I., Brown, D., Hooshmand-Rad, P., Kirvar, E., Uggla, A., 1999. Infectivity 

and cross-immunity studies of Theileria lestoquardi and Theileria annulata in 

sheep and cattle: I. In vivo responses. Vet. Parasitol. 82, 179–192. 

doi:10.1016/S0304-4017(99)00013-8 



20 
 

Li-jun, J.I.A., Shou-fa, Z., Shi-nuo, C.A.O., Nian-chao, Q., Long-zheng, Y.U., Xue-

nan, X., 2013. The Finding and Phylogenetic Evolution Analysis of Bovine 

Piroplasms in the Ras ŏ n Area of North Korea. J. Integr. Agric. 12, 1847–1854. 

doi:10.1016/S2095-3119(13)60377-9 

Nagore, D., García-Sanmartín, J., García-Pérez, A.L., Juste, R.A., Hurtado, A., 2004. 

Identification, genetic diversity and prevalence of Theileria and Babesia species 

in a sheep population from Northern Spain. Int. J. Parasitol. 34, 1059–67. 

doi:10.1016/j.ijpara.2004.05.008 

Oliveira, C., Weide, M. Van Der, Habela, M. a, Jacquiet, P., 1995. Detection of 

Theileria annulata in blood samples of carrier cattle by PCR . These include : 

Detection of Theileria annulata in Blood Samples of Carrier Cattle by PCR 33, 

2665–2669. 

Panel, E., Ahaw, W., 2010. Scientific opinion on geographic distribution of tick-

borne infections and their vectors in Europe and the other regions of the 

Mediterranean Basin: EFSA Panel on. EFSA J. 8, 1–280. 

doi:10.2903/j.efsa.2010.1723. 

Rashidi, A., Razmi, G., 2013. Molecular detection of Theileria spp. in sheep and 

vector ticks in the North Khorasan Province, Iran. Trop. Anim. Health Prod. 45, 

299–303. doi:10.1007/s11250-012-0218-x 

Salih, D.., ElHussein, A.., Hayat, M., Taha, K.., 2003. Survey of Theileria 

lestoquardi antibodies among Sudanese sheep. Vet. Parasitol. 111, 361–367. 

doi:10.1016/S0304-4017(02)00389-8 

Salih, D.A., El Hussein, A.M., Kyule, M.N., Zessin, K.-H., Ahmed, J.S., Seitzer, U., 

2007. Determination of potential risk factors associated with Theileria annulata 

and Theileria parva infections of cattle in the Sudan. Parasitol. Res. 101, 1285–

8. doi:10.1007/s00436-007-0634-4 

Sayin, F., Dyncer, S., Karaer, Z., Cakmak, A., Yukary, B.A., Eren, H., Deger, S., 

Nalbantoglu, S., 1997. Status of the tick-borne diseases in sheep and goats in 

Turkey. Parassitologia 39, 153–6. 

Schnittger, L., Yin, H., Qi, B., Gubbels, M.J., Beyer, D., Niemann, S., Jongejan, F., 

Ahmed, J.S., 2004. Simultaneous detection and differentiation of Theileria and 

Babesia parasites infecting small ruminants by reverse line blotting 189–196. 

doi:10.1007/s00436-003-0980-9 

Shayan, P., Ebrahimzadeh, E., Tageldin, M.H., Amininia, N., Eckert, B., 2011. 

Molecular study of sheep malignant theileriosis at Barka region in the sultanate 

of Oman. Iran. J. Parasitol. 6, 66–72. 

Syfrig, J., Wells, C., Daubenberger, C., Musoke, A.J., Naessens, J., 1998. Proteolytic 

cleavage of surface proteins enhances susceptibility of lymphocytes to invasion 

by Theileria parva sporozoites. Eur. J. Cell Biol. 76, 125–32. 

doi:10.1016/S0171-9335(98)80025-3 

Tageldin, M.H., Fadiya,  a. a K., Sabra,  a. a Y., Ismaily, S.I. a I., 2005. Theileriosis 

in sheep and goats in the Sultanate of Oman. Trop. Anim. Health Prod. 37, 491–

493. doi:10.1007/s11250-005-2475-4 

Taha, K.M., Salih, D.A., Ali, A.M., Omer, R.A., El Hussein, A.M., 2013. Naturally 

occurring infections of cattle with Theileria lestoquardi and sheep with Theileria 

annulata in the Sudan. Vet. Parasitol. 191, 143–5. 



21 
 

doi:10.1016/j.vetpar.2012.08.003 

Tamura K, Stecher G, Peterson D, Filipski A, and Kumar S (2013) MEGA6: 

Molecular Evolutionary Genetics Analysis version 6.0. Molecular Biology and 

Evolution:30 2725-2729 

Walker AR, Bouatour A, Camicas JL, Estrada-Peña A, Horak IG, Latif AA, Pegram 

RG, Preston PM (2003) Ticks of domestic animals in Africa: a guide to 

identification of species. Bioscience Reports, Scotland 

Woolhouse, M.E.J., Thumbi, S.M., Jennings, A., Chase-Topping, M., Callaby, R., 

Kiara, H., Oosthuizen, M.C., Mbole-Kariuki, M.N., Conradie, I., Handel, I.G., 

Poole, E.J., Njiiri, E., Collins, N.E., Murray, G., Tapio, M., Auguet, O.T., Weir, 

W., Morrison, W.I., Kruuk, L.E.B., Bronsvoort, B.M. de C., Hanotte, O., 

Coetzer, K., Toye, P.G., 2015. Co-infections determine patterns of mortality in a 

population exposed to parasite infection. Sci. Adv. 1, e1400026. 

doi:10.1126/sciadv.1400026 

Zaeemi, M., Haddadzadeh, H., Khazraiinia, P., Kazemi, B., Bandehpour, M., 2011. 

Identification of different Theileria species (Theileria lestoquardi, Theileria 

ovis, and Theileria annulata) in naturally infected sheep using nested PCR-

RFLP. Parasitol. Res. 108, 837–843. doi:10.1007/s00436-010-2119-0  

 

 

 

 

 

 

 

 

 

 

 


