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ABSTRACT

Piroplasmosis is a  tick-borne haemolytic disease 
caused by different species of the Babesia and Theileria 
genera. Data on the prevalence of bovine piroplasms 
and their genetic diversity are scanty in Nigeria. Hence, 
this study reported the detection of some piroplasms 
in the blood of cattle in Abeokuta, Nigeria by the pol-
ymerase chain reaction (PCR). Blood samples were col-
lected from 252 cattle and subjected to DNA extraction 
followed by PCR amplification of the partial region of 
18S rRNA of the haemoprotozoans. Selected positive 
amplicons were unidirectionally sequenced and com-
pared to the reference sequences from the Genbank. 
A total of 220 (87.3 %) cattle were positive for Theileria 
velifera and/or Babesia bigemina. The T. velifera was 
detected only in 163 (64.7 %) cattle, while 7 (2.8 %) cat-
tle had a  single infection with B. bigemina. Fifty cattle 
(19.8 %) had mixed infections with both parasites. There 
were no significant differences in piroplasm infections 
between the ages of cattle for both parasites. There were 
no significant differences in infection rates between the 
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sexes for T. velifera, while the males had a significantly 
higher (P < 0.05) rate of infection for B. bigemina than 
the female cattle. The molecular detection of Babesia 
and Theileria species of cattle are reported for the first 
time in cattle in Abeokuta, Nigeria. This study, which 
confirmed the endemic nature of the parasites in cattle 
in the study area, stresses their importance in livestock 
health and production in Nigeria. 
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INTRODUCTION

Apart from the fact that bovine piroplasmosis poses 
a threat to cattle production worldwide with a negative im-
pact on protein supply, it is also an important emerging zo-
onosis affecting human health [15]. Piroplasmosis is a tick-
borne disease of domestic and wild animals. The disease in 
cattle is caused by an intracellular protozoan parasites of 
the genus Babesia, that infect red blood cells (RBC) only, 
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and Theileria species which may be found in white blood 
cells in addition to RBC [37]. Piroplasms are transmitted 
by the members of the family Ixodidae [36].

Bovine babesiosis is caused mostly by B. bovis, 
B. bigemina and B. divergens [6, 25]. Other important 
Babe sia spp. includes B. orientalis, B. major, and B. ovata. 
Babesiosis is prevalent all over the world with over half of 
the global cattle population at risk [7]. Babesia species are 
transmitted by the tick of the genus Boophilus (Rhipiceph-
alus) spp. [6, 29]. The disease is characterized by fever and 
severe intravascular haemolysis, leading to anaemia, icter-
us, haemoglobinuria, neurologic signs in some subjects 
and death if not attended to in time [21]. The fever during 
infections may cause pregnant cattle to abort and bulls to 
show reduced fertility lasting six to eight weeks [9]. The 
pathogenicity of the parasite is dependent on strain, spe-
cies, and breed of the infected animal; however, animals 
that survive from the infection generally become carriers 
of the parasite and serve as reservoirs for transmission 
[10]. Theileriosis in cattle is caused by the intracellular 
protozoan of the genus Theileria, especially Theileria parva 
and Theileria annulata that cause the complex syndromes 
known as East Coast Fever (ECF) and tropical (Mediter-
ranean) theileriosis, respectively [34]. Theileria taurotragi, 
T. mutans and  T. velifera  are also responsible for bovine 
theileriosis in Africa [22]. The Theileria spp. are closely re-
lated to the Babesia spp. phylogenetically [5].

In Nigeria, ruminants including cattle contributes 
more than seventy percent of protein consumed by the 
populace and singly contributes about 12.7 % of the ag-
ricultural Gross Domestic Product (GDP) [19], but the 
production and establishment of profitable and sustaina-
ble cattle ventures is greatly hampered by haemoparasitic 
diseases among which piroplasmosis is the second most 
important disease after trypanosomosis [15, 16]. This has 
made the introduction, adaptation, and multiplication of 
exotic breeds of cattle in Nigeria a challenge.

None-the-less, there is insufficient data on the preva-
lence and genotypes of piroplasms that exist in different 
geographical regions of the world [8]. There is a dearth of 
information on bovine piroplasmosis in Ogun, a state that 
shares borders with Benin Republic through which ani-
mals are grazed from Burkina Faso, Niger Republic, Mali, 
Togo, and Cote d’Ivoire into Nigeria. Hitherto, diagnosis 
and epidemiological research on bovine piroplasmosis in 
Nigeria were commonly done using conventional parasi-

tological techniques [2, 3, 27, 30], which most of the time 
could not differentiate different forms of piroplasms. 

To date, only one study [22] applied the Polymerase 
Chain Reaction technique for detection of piroplasms in 
cattle in the northern part of Nigeria. Also,  H a p i  et al. 
[13] recently reported the detection of Babesia and Thei-
leria species in the blood of cattle sampled from an abattoir 
in Ibadan, a  city in the southern part of Nigeria. To the 
best of our knowledge, no study has described the molec-
ular characteristics and the genetic diversity of piroplasms 
present in the blood of cattle in the study area. Here, the 
prevalence and molecular characteristics of piroplasms in 
the blood of apparently healthy cattle in the environs of 
Abeokuta, a south-western city in Nigeria were assessed.

MATERIALS AND METHODS

Sample area, animal, and sample collection
This study was approved by the Ethical Committee, 

College of Veterinary Medicine, Federal University of Ag-
riculture Abeokuta, Nigeria, before embarking on this pro-
ject. The ethical clearance number is FUNAAB/COLVET/
CREC/2012/032.

This study was carried out in the environs of Abeokuta, 
Ogun State, South West Nigeria. It borders Lagos State and 
Atlantic Ocean to the south, Oyo and Osun States to the 
North, Ondo State to the east and the Republic of Benin 
to the west. The State lies approximately within latitude 
7° 31.98' N and longitude 3° 49.65' E in the humid tropical 
lowland region [26]. 

A  total of 252 cattle of different sexes and ages were 
examined and randomly sampled between January and 
March 2013. All animals were owned by small holder farm-
ers and were apparently healthy at the time of sampling. 
Based on rostral teeth development [20], the animals were 
classified as young (less than 2 years old), and adult (two 
years and above). Animals with a history of treatment with 
anti-babesial drugs less than two weeks prior to sampling 
were excluded from the study. Blood samples were collect-
ed aseptically from the jugular vein of each cattle into 5 ml 
tubes containing disodium ethylene diamine tetraacetic 
acid (EDTA) as an anticoagulant using a sterile needle and 
syringe. The blood samples were transported on ice packs 
to the laboratory and were stored at 4 °C prior to analysis.
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Genomic DNA extraction and detection of piroplasms 
by nested Polymerase Chain Reaction 

Genomic DNA was extracted from the EDTA-blood 
using Quick-gDNA™ MiniPrep (Zymo Research Corpo-
ration, Irvine, CA 92614, U.S.A.) as previously described 
[31]. The eluted DNA in 1.5 ml microcentrifuge tubes were 
stored at –20 °C until use. Three sets of previously pub-
lished primers targeting the 18S rRNA gene were selected 
for optimization [14]. The PCR was performed in a 20 μl 
final reaction volume containing the equivalent of 20 ng of 
genomic DNA, 10 mM Tris-HCl, pH 8.3, 1.5 mM MgCl2, 
50 µM KCl, 200 µM each of dNTPs, 40 ng of each of the 
primers and 1unit of Thermus aquaticus DNA polymerase 
(Bioneer, USA). The reactions were placed in MJ MiniT-
Mpersonal cycler (BIORAD, USA). The reaction condi-
tions were as follows: Conventional PCR for piroplasms 
using primers AF (5’-ACCTGGTTGATCCTGCCAG-3’) 
and BR (5’- CCATTTATTAGCTTTGTTGC-3’) involved 
an initial denaturation at 94 °C for 30 sec followed by 
45 cycles of denaturation at 94 °C for 15 sec, annealing at 
60 °C for 15 sec, and an extension step at 68 °C for 2 min. 
This was then followed by a final extension step at 68 °C 
for 7 min. Nested PCR for Theileria spp. using primers 
AN (5’-GCTTGTCTTAAAGATTAAGCCATGC-3’) and 
BN: (5’CGACTTCTCCTTCCTTTAAGTGATAAG-3’) 
involved an initial denaturation at 94 °C for 30 sec, fol-
lowed by 45  cycles of denaturation at 94 °C for 15 sec, 
annealing at 60 °C for 15 sec, and extension at 68 °C for 
2 min. This was then followed by a final extension at 68 °C 
for 7 min. Nested PCR for Babesia spp. using the prim-
ers BB (5’-GCGTTTATTAGTTCGTTAACC-3’) and BN 
(5’- CGACTTCTCCTTCCTTTAAGTGATAAG-3’) in-
volved an initial denaturation at 94 °C for 30 sec, followed 
by 45  cycles of denaturation 94 °C for 15 sec, annealing 
at 56 °C for 15 sec, and extension at 68 °C for 2 min. This 
was then followed by a final extension at 68 °C for 7 min. 
Ten microliters of the PCR products were electrophoresed 
through 1.5 % agarose gel in 1 × TAE (40  mM TRIS-ace-
tate and 1 mM EDTA) at 90 V for 45 min. along with 10 µl 
of biological marker, GENEMateQuanti-Marker, 100 bp 
DNA ladder (BioExpress, UT, USA). Gels were stained 
with GelRed(R) Nucleic Acid Stain (PHENIX Research 
Product, Candler, NC, U.S.A) at 5 µl/100 ml of the agarose 
gel suspension. Then PCR products were visualized using 
an ultraviolet transilluminator (SpectrolineR TC 312 E). 

Sequencing and phylogenetic analysis
To confirm our results, five PCR products showing ex-

pected band sizes for Babesia and Theileria spp. respective-
ly, were randomly selected and unidirectionally sequenced 
using the forward primers (AN and BB for Babesia and 
Theileria respectively) in a commercial molecular labora-
tory (Sequetech, Mountain View, California, USA). The 
obtained sequences were assembled and edited manually 
using BioEdit® (version 7.0.9.0.) [12]. Search for homol-
ogous sequences in Gene bank were performed using 
BLASTn (www.ncbi.nlm.nih.gov/BLAST/). The sequenc-
es were aligned with each other and published 18S rRNA 
gene sequences of Babesia spp. and Theileria spp. using the 
Molecular Evolutionary Genetic Analysis (MEGA 5.05) 
software [32]. Phylogenetic trees were constructed using 
the Maximum Likelihood (ML) and Unweighted (UPG-
MA) algorithms of the phylogeny program of MEGA 5.05 
[32]. Plasmodium falciparum (AJ250700) was used as the 
out group. The bootstrap confidence interval of the tree 
was determined based on l000 replicates.

Statistical analysis
The raw data were entered into a Microsoft Excel spread 

sheet and descriptive statistics used to summarize the data. 
SPSS 16.0 was used for the data analysis. The prevalence of 
piroplasm infection was compared using chi-square test. 
P < 0.05 was considered statistically significant.

RESULTS

Animals
Of the 252 cattle sampled, males were 95, while females 

were 157. As regards age, 117  cattle were young while 
135 cattle were adults. 

Detection of piroplasms by PCR
The electrophoresed DNA products after amplification 

with the sets of primary and secondary primers revealed 
amplicon sizes of 1467 bp and 1588 bp corresponding to ex-
pected band sizes of Babesia and Theileria species 18S rRNA 
respectively [14]. Out of 252 blood samples examined, piro-
plasm DNA was detected in the blood of 220 (87.3 %) of the 
cattle examined. Of these, 163 (64.7 %) accounted for Thei-
leria spp. only, 7 (2.8 %) for Babesia only and 50 (19.8 %) 
had co-infection with both Theileria and Babesia.
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Age, and gender variations among cattle infected 
with piroplasms

Table 1 reveals the effects of age and sex on the preva-
lence of the parasites. As regards age, the young cattle had 
a  significantly higher Babesia infection than adults while 
there was no significant difference in Theileria infection 
between the two age groups. Male cattle were more predis-
posed to infection than females for Babesia while no differ-
ence was observed between the sexes for Theileria. 

Table 1. Effect of age and sex on the prevalence 
of Babesia and Theileria in cattle

Parameters Number
of cattle

Babesia species
Number positive 

[%]

Theileria species 
Number positive 

[%]

Age

Young 117 33 (28.2)a 102 (87.2)a

Adult 135 24 (0.18)b 111 (82.2)a

Sex

Male 95 32 (33.7)a 84 (88.4)a

Female 157 25 (15.9)b 129 (82.2)a

Total 252 57 (22.6) 213 (84.5)

In each parameter, the values with different superscript 
in each column show significant differences (P < 0.05) 

FJ426361, EF458191, JQ437264, EF458206 and DQ785311) 
and B. bovis sequences (L19078 and L19077). The tree was 
rooted on Plasmodium 18S rRNA gene sequences as an 
out-group.

Alignment and phylogenetic analysis of the sequenc-
es of T. velifera and B. bigemina from this study and those 
from GenBank revealed that the two genera clustered to 
form two separate clades (Fig.  1). The phylogenetic trees in-
ferred by both algorithms exhibited almost the same topol-
ogy placing the sequences of T.  velifera isolates from this 
study in the same clade with T. velifera sequences from Afri-
ca (AF097993 and KU206307) with the T. mutans separated 
into different cluster. All the sequences of B. bigemina from 
this study clustered in the same clade with those from Eu-
rope (DQ785311, FJ426361), USA (HQ264113, EF458206) 
and Asia (JN714975, HQ840959). Also, one each of the au-
tochthonous B. bigemina and T. velifera sequences clustered 
into separate taxa with very high nodal value within the 
clades formed by B. bigemina and T. velifera.

The percentage of replicate trees in which the associat-
ed taxa clustered together in the bootstrap test (1000 rep-
licates) is shown next to the branches (>50  % cut-off). 
B.  bigemina (ABKN 1-3) and T.  velifera (ABKN 2-5) are 
those piroplasms detected in this study.

DISCUSSION 

Limited data exist on the epidemiology of piroplasms 
of cattle in Nigeria, despite being a major disease of cat-
tle. This study provided some useful data on the preva-
lence and genetic characteristics of some haemoparasites 
of cattle in Abeokuta, Nigeria. The presence of Babesia and 
Theileria in the blood of cattle in Abeokuta were detected 
using conventional and nested PCR protocol and sequenc-
es analysis of amplified partial region of 18S rRNA gene.

The White Fulani breed of cattle accounted for most of 
the sampled animals. The high numbers of the breed could 
be due to their tolerance to the highly endemic trypanoso-
mosis coupled with their high reproductive and feed con-
version rate [28, 33]. 

The prevalence of piroplasmosis due to Babesia spp. 
and or Theileria spp. reported in this study is higher than 
previously reported in Nigeria [2, 3, 18, 27]. These inves-
tigators employed microscopy techniques for their study. 
Differentiating piroplasms based only on morphology 

Sequences and phylogenetic analysis
Three and four readable sequences of Babesia and Thei-

leria, respectively were analysed in this study. The homolo-
gy search revealed the partial sequences of 18S rRNA gene 
of Theileria spp. from this study had 97 % to 98 % homolo-
gy with T. velifera with accession numbers KU206307 and 
FJ869897, respectively from Uganda and Mozambique. 
That of Babesia spp. had homology scores of between 
95—98  % with those sequences of B. bigemina available 
in the GenBank database. The partial sequences lengths 
of T. velifera ranged from 618 to 985 bp with a mean G/C 
content of 44.43 %. 

Phylogenetic analysis carried out involved those par-
tial sequences of 18S rRNA gene obtained from GenBank 
database. These included: Theileria velifera (AF097993, 
JN572705) Theileria ovis (AY508455), Theileria cervi 
(AY735122), Theileria spp. (U97054), Theileria capreoli 
(AY726011), Theileria spp. Giraffe (FJ213582), Theileria 
mutans (FJ869898, AF078815, KU206320 and JN572698), 
B. bigemina (HQ264113, JN714975, HQ840959, AY603402, 
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Fig. 1.  Evolutionary relationship of piroplasms (B. bigemina and T. velifera) detected in cattle from Abeokuta, Nigeria, using partial sequences 
of 18S rRNA gene inferred with Maximum Likelihood (ML) and Unweighted Pair Group Method with Arithmetic Mean (UPGMA) in MEGA 
5.05. The percentage of replicate trees in which the associated taxa clustered together in the bootstrap test (1000 replicates) is shown next to the 

branches (> 50 % cut-off). B. bigemina (ABKN 1-3) and T. velifera (ABKN 2-5) are those piroplasms detected in this study

using microscopy is often challenging because these two 
parasites share a  similar morphology, making identifica-
tion particularly difficult if mixed infections occur. Also, 
the identification of Babesia parasites is difficult at the 
onset of the disease and in carrier animals due to the low 
number of the parasites present [23] which may lead to 
a false negative diagnosis [4]. In comparison to our find-
ings,  L o r u s s o  et al. [22] recorded a lower prevalence of 
B. bigemina (7.9 %) and T. velifera (52.4 %) in cattle from 
the northern part of Nigeria. In another study,  H a p i  et al. 
[13] amplified the 18S rRNA region of piroplasms detected 

in the blood of slaughtered cows in Ibadan, Nigeria and 
recorded a  prevalence of 46 % for Babesia/Theileria spp. 
The high prevalence of T. velifera in this study, and that of 
L o r u s s o  et al. [22], supports the assertion of the latter 
workers that the parasite is endemically established or sta-
ble in Nigeria. 

In the present study, young cattle (less than two years 
old) had a significantly higher rate of infection with Babe-
sia spp. compared to the adult cattle. As for the infection 
with Theileria, no significant association with age was no-
ticed. In contrast to our findings, most studies suggest that 
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younger cattle (less than 1 year old) have lower infection 
rates than older ones, probably due to the protective effects 
of maternal immunity [1, 13, 22]. The wider age group in 
this study might have obfuscated the effect of age on the 
prevalence of Babesia species.

Male cattle had a higher rate of Babesia species infection 
in this study which agrees with the report of  H a p p i  et al. 
[13] who also noted a  higher prevalence of piroplasms 
(Babesia/Theileria) in male cattle. Unlike Babesia, there 
was no significant difference in infection with Theileria 
spp. between males and females in our study. 

In our study, the overall prevalence of piroplasms was 
87.3 %. The high prevalence may reflect a high endemic lev-
el of blood parasites of cattle in the Abeokuta environs. This 
could indicate that cattle in the studied area were exposed 
to a high and continuous challenge with piroplasms or that 
these species were harboured for long periods at detectable 
levels post-infection. Endemic (or enzootic) stability refers 
to a state of high level of challenge with haemoparasite-in-
fected ticks and a concurrent low incidence of clinical dis-
ease in the host [17]. It may also mean that the vectors of the 
parasite breed well in this environment. During our study, 
ticks were present on most of the cattle sampled.

The polymorphism shown by the multiple alignment 
analysis of the autochthonous sequences may indicate 
continuous genetic exchange between these parasites in 
the tick gut or a  gene reassortment within the mamma-
lian host in which asexual reproduction takes place [11, 
24]. Although 18S rRNA gene has been studied extensively 
to understand the genetic diversity of piroplasms around 
the world, this is, to the best of our knowledge, the first 
time it is being used to shed light on the genetic diversi-
ty of bovine piroplasms in Abeokuta, Nigeria. None-the-
less, for a better understanding of this diversity among the 
piroplasms circulating in the cattle population in Nigeria, 
there is a need to employ the analysis of other gene regions 
such as cytochrome C oxidase subunit III (COX3) and Mi-
tochondria cytochrome B (COB) genes which have been 
claimed to give an improved phylogeny of piroplasms in 
China [35].

Although the pathogenicity of T. velifera has not been 
studied extensively in Nigeria, the suggestion of more than 
one strain by phylogenetic analysis calls for further studies 
to elucidate the strain distribution and associated patho-
genicity in cattle in Nigeria. 

CONCLUSIONS

This study confirmed the presence of piroplasms, nota-
bly B. bigemina and T. velifera in the blood of cattle in the 
study area with T. velifera being more prevalent. The results 
of our study have provided additional molecular data on the 
epidemiology of piroplasms of cattle in Nigeria. The infor-
mation may be useful for the diagnosis and effective for-
mulation of control strategies. Further studies covering all 
regions of Nigeria should be conducted to generate and co  
mpare the prevalence data for the distribution of tick trans-
mitted parasites in livestock, especially cattle in the country.
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