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SUMMARY

This study investigated the genetic and antigenic diversity ofTheileria parva in cattle from the Eastern and Southern zones
of Tanzania. Thirty-nine (62%) positive samples were genotyped using 14 mini- and microsatellite markers with coverage
of all four T. parva chromosomes. Wright’s F index (FST = 0 × 094) indicated a high level of panmixis. Linkage equili-
briumwas observed in the two zones studied, suggesting existence of a panmyctic population. In addition, sequence analy-
sis of CD8+T-cell target antigen genes Tp1 revealed a single protein sequence in all samples analysed, which is also present
in the T. parva Muguga strain, which is a component of the FAO1 vaccine. All Tp2 epitope sequences were identical to
those in the T. parvaMuguga strain, except for one variant of a Tp2 epitope, which is found in T. parva Kiambu 5 strain,
also a component the FAO1 vaccine. Neighbour joining tree of the nucleotide sequences of Tp2 showed clustering accord-
ing to geographical origin. Our results show low genetic and antigenic diversity of T. parva within the populations ana-
lysed. This has very important implications for the development of sustainable control measures for T. parva in Eastern
and Southern zones of Tanzania, where East Coast fever is endemic.
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INTRODUCTION

East Coast fever (ECF) is a lympho-proliferative
disease of cattle caused by the protozoan parasite
Theileria parva. It is transmitted by Rhipicephalus
appendiculatus tick (Waladde et al. 1993). The
disease kills a million cattle every year and devastates
the livelihood of those who depend on cattle for survi-
val (GALVmed newsletter,May 2010). The disease is
endemic in Eastern, Central and Southern African
countries, including Tanzania (Morrison et al. 1987).
Acaricide treatment of cattle is a major control

method which limits infestation of tick vector R.
appendiculatus. However, this method has major
drawbacks, including the development of resistance
by ticks, food-safety concerns and environmental
contamination resulting from toxic residues
(George et al. 2004). Infection and treatment
method (ITM) which uses the Muguga live sporo-
zoite cocktail vaccine has been successfully used in

pastoral systems in Northern, Eastern and Central
zones of Tanzania (Di Giulio et al. 2009). Despite
the successes observed, many studies have shown
that the widespread deployment of the live sporo-
zoite vaccine has been hindered by several concerns,
including the possibility of introducing new strains
to unvaccinated cattle (De Deken et al. 2007; Oura
et al. 2007). Continued use of this vaccine may
modify transmission dynamics and parasite popu-
lation genetics, initial reports indicate that parasite
populations are changed, at least in the short-term
after vaccination (Bishop et al. 2001; Oura et al.
2004, 2007). It has been demonstrated that
Muguga vaccine components can be transmitted to
field ticks and cattle (Geysen et al. 1999; De Deken
et al. 2007; Oura et al. 2007). In addition, extensive
movements of cattle that are asymptomatic carriers
of the T. parva will result in the continuous intro-
duction of new parasite types to an area (Geysen
et al. 1999; De Deken et al. 2007). Previous studies
in many parts of Africa, including Kenya (Nene
et al. 1992), Zimbabwe (Bishop et al. 1994) and
Uganda (Oura et al. 2011) reported a diversity of
T. parva parasites in cattle. Moreover, T. parva
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genotypes in East Africa are heterogenous because of
the presence of more than two generations of the tick
vector, R. appendiculatus in the field (Geysen et al.
1999), and it has been reported that there is a signifi-
cant level of recombination in the field (Katzer et al.
2011; Hayashida et al. 2013).
Studies of immune responses in cattle immunized

by infection and treatment have provided evidence
that MHC-I restricted CD8+ T-cells, which are
able to kill parasitized lymphoblasts, are important
mediators of immunity (Taracha et al. 1995). The
recent identification of a number of T. parva anti-
gens and epitopes recognized by CD8+ T-cells
from T. parva-immune cattle (Graham et al. 2006,
2008) provides an opportunity to address the
nature and selective pressures driving antigenic
diversity relevant to immune protection. Detailed
studies of immune responses to two of these anti-
gens, Tp1 and Tp2, have demonstrated that they
are highly dominant targets of the CD8+ T-cell
response in cattle expressing the A18 and A10 class
I MHC haplotypes, respectively (MacHugh et al.
2009).
Simple sequence repeat (SSR) markers have

provided insights into the genetic diversity of
T. parva populations, the population dynamics
and geographical origin of the field isolates (Oura
et al. 2003, 2005; Katzer et al. 2006; Odongo et al.
2006).
In this paper we report genotype diversity, shared

genotypes and antigenic diversity of T. parva
present in cattle in Eastern and Southern zones of
Tanzania as a way forwards for sustainable control
measures of T. parva in Eastern and Southern
zones of Tanzania.

MATERIALS AND METHODS

Sample collection

Samples were collected from asymptomatic cattle
from livestock keepers in villages in Southern and
Eastern zones of Tanzania during 2012. Bovine
blood was collected in ethylenediaminetetraacetic
acid (EDTA) vacutainer tubes. The blood was
spotted onto FTA cards (Flinders Technology
Associates filter paper, Whatman FTA cards, UK),
left to dry for 1 h and stored individually in a
paper pack at room temperature until used.

DNA extraction

DNAwas extracted fromFTA card blood spots using
PureLink™ Genomic DNA Mini extraction kits
(Invitrogen®, Germany) according to the manufac-
turer’s protocol. Purity of the extracted DNA was
assessed using a Nano drop spectrophotometer
(Wilmington, Delaware, USA) and the quality
was analysed by running on 0·8% agarose gel.

Variable Number Tandem Repeats (VNTR) markers
and genotyping

A nested p104 PCR assay (Odongo et al. 2010) was
used to identify T. parva positive samples.
Fourteen satellite markers were used throughout
this study (Oura et al. 2003). The selected markers
are known to be highly polymorphic and at least
one marker was selected on each of the four chromo-
somes of T. parva. To increase sensitivity of the
PCR, a nested assay was carried out. Forward
primer of each nested primer pair was labeled at
the 5′ end with one of the following four standard
dyes; 6-FAM (Blue), VIC (Green), NED (Yellow)
and PET (Red) (Bioneer, Korea), for detection on
an ABI genetic analyser.

PCR amplification of the mini and microsatellite loci

Amplifications were performed using genomic DNA
(20 ng), 5 U Taq polymerase (Promega), 1 × PCR
buffer (10 mM Tris–HCl [pH 8·4], 50 mM KCl,
2 mM MgCl2), 0·2 mM dNTPs, and 0·2 μM of each
reverse and forward primers, and made up to a
final reaction volume of 10 μL with sterile water.
The PCR was carried out in a Gene Amp® PCR
System 9700 (ABI-USA). The cycling conditions
were as follows: denaturation at 94 °C for 30 s,
annealing at 60 °C for 1 min and extension at 72 °C
for 1 min and final extension was at 72 °C for 20
min before cooling to 4 °C. The reaction was run
for 35 cycles. For the second round, 1 μL of PCR
product was used in a final volume and PCR con-
ditions were the same. PCR products (2 μL) were
separated on 2% agarose gels in 0·5 ×Tris–acetate–
EDTA (TAE) buffer, gels were stained with gel
red (Biotium, USA) and the DNA bands were visu-
alized on a UV light box and documented.

Capillary flow genotyping of T. parva DNA

The reaction mix containing (0·5–2 μL) of PCR
product was added into each well of a 96-well plate
containing 8 μL of a mixture of Hi-Di Formamide
and GeneScan 500 LIZ size standard (ABI-USA).
Rapid denaturation was performed in a thermocycler
at 95 °C for 5 min followed by rapid chilling of
the plate on ice. The amplicons were processed
and analysed on the ABI 3730 genetic analyser
(Applied Biosystems-USA). Scorring was carried
out using GeneMapper programme (Applied
Biosystems-USA). Amplicons with maximum peak
height were scored, and a predominant peak was
defined as that with the largest area under the curve.
All data generated from GeneMapper were resized
by the Allelobin software based on consensus
sequence repeats of the marker. A predominant allele
at each locus was used to generate allele frequency
data and multilocus genotypes (MLGs) in Excel file.
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SSR analyses

Summary statistics were calculated using the genetic
analysis package Power Marker V. 3.25 (Liu and
Muse, 2005). Major allele frequency, gene diversity
(GD) and polymorphism information content
(PIC) were used to determine diversity at each
microsatellite locus. The maximum number of
alleles identified for each marker in each population
was constructed using GenAlEx V. 6.5 (Peakall and
Smouse, 2006) plug in microsoft excel. Similarly,
the software was used to investigate patterns of dis-
tribution of each genotype in a population. In
addition, principal component analysis (PCA) was
constructed using sets of MLGs data. The null
hypothesis of linkage equilibrium was tested using
LIAN which calculates the standardized index of
association (ISA) and a quantification of linkage equi-
librium or disequilibrium (Haubold and Hudson,
2000). Linkage equilibrium is characterized by the
statistical independence of alleles across all loci and
is investigated by initially determining the number
of loci at which each pair of MLGs differs. From
the distribution of mismatch values, a variance VD

is calculated which is compared to the variance
expected for linkage equilibrium, termed Ve. The
null hypothesis that VD=Ve is tested by both a
Monte Carlo simulation and a parametric method
in order to calculate a 95% confidence limit, which
are denoted LMC and Lpara, respectively. When VD

is found to be greater than L, the null hypothesis is
rejected and linkage disequilibrium is accepted.

Antigenic variability

Specific forward and reverse primers were designed
for nested PCR (nPCR) amplification of Tp1 and
Tp2 gene sequences (Genbank XM_757880.1
and XM_760490.1), respectively. First round Tp1
primers were Tp1-F: ATGGCCACTTCAATTG
CATTTGCC and Tp1-R TTAAATGAAATAT
TTATGAGCTTC with a product size of 432 bp
(Pelle et al. 2011). Inner forward primer Tp1_
Forword_inner: TGCATTTGCCGCTGATCCT
GGATTCTG and Tp1_Reverse_inner: TGA
GCTTCGTATACACCCTCGTATTCG with a
product size of 405 bp (Salih et al. unpublished
data). The primers used to amplify Tp2 gene were;
Tp2-F: ATGAAATTGGCCGCCAGATTA and
Tp2-R: CTATGAAGTGCCGGAGGCTTC which
produce product size of 525 bp for primary PCR
(Pelle et al. 2011). Secondary amplification primers
were, Tp2_Forword_inner: ATTAGCCTTTACT
TTATTATTTWCATTYTAC and reverse Tp2_
Reverse_inner: CTATGAAGTGCCGGAGGCT
TCTCCT which amplify a 504 bp PCR product
(Salih et al. unpublished data).
The nPCR amplifications for Tp1 were performed

in a total volume of 20 μL containing, nuclease-free

water 17, 0·5 μL each forward and reverse primer
(10 pmol) and 2 μL of genomic DNA (20 ng μL−1)
template added into the lyophilized pellet (Bioneer
PCR-PreMix-Korea), followed by vortexing and
briefly spining down to dissolve the pellet. For a
second round, amount of water was 18 and 1 μL of
the primary PCR product was used as a template
and the primer amount was the same as in the first
PCR. A nPCR for Tp2 was carried out in a total
volume of 20 μL. The first round PCR reaction con-
tained 2 μL of 10 × PCR buffer, and 2 μL of 25 mM

MgCl2, 0·5 μL of the 2·5 mM dNTPs, 0·25 μL of
each forward and reverse primers, 13·8 μL of
water, 0·2 μL of Taq polymerase enzyme and 1 μL
of DNA template. In the second PCR, 1 μL of
PCR product from the first run was used as a tem-
plate. The cycling conditions for Tp1 were initial
denaturation at 95 °C for 5 min followed by dena-
turation at 94 °C for 30 s, annealing at 50 °C for 1
min and extension at the 72 °C for 1 min, and final
extension was 72 °C for 9 min and subsequent
cooling at 4 °C. The reaction was run for 40 cycles.
The cycling profile conditions for the secondary
PCR was as described for the primary amplification
except that annealing was at 55 °C and number of
cycles were reduced to 30. The cycling conditions
for Tp2 were: step 1, 95 °C for 11 min (hot start
Taq was used); step 2, 94 °C for 30 s; step 3, 50 °C
for 1 min; step 4, 72 °C for 1 min. Steps 2–4 were
repeated 35 times. The second round used the
same programme except for annealing done at
58 °C and number of cycles reduced to 30. PCR
products were analysed by electrophoresis in gelred
– stained 1·5% agarose gels. All the positive products
(10 μL from each PCR product) were purified
and sent to Segolip unit at BecA-ILRI Hub
Nairobi-Kenya for sequencing using ABI 3730
capillary sequencer (Applied Biosystems – USA).
Thereafter, sequences were edited and translated to
protein using CLC DNA workbench version 6.7.1
(http://www.clcbio.com). Multiple alignment of
Tp2 sequences together with Muguga vaccine
isolate (XM_760490) and Theileria annulata
(TA_19865) was performed by ClusterW (http://
www.genome.jp/tools-bin/clustalw) (Thompson
et al. 1994). Genetic differenation estimates as well
as gene flow estimates were obtained with DnaSP
v5 http://www.ub.edu/dnasp/ (Librado and Rozas,
2009).

RESULTS

Fourteen polymorphic micro and minisatellite
markers representing the 4 chromosomes of T.
parva were used to genotype 39 T. parva positive
samples, of which 14 were from populations
sampled from the Southern zone and 21 were from
the Eastern zone of Tanzania. Four samples were
excluded from the final analysis because most of
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the markers failed to amplify. The number of alleles
identified in each marker is shown in Table 1,
whereas in Fig. 1, we show allele frequencies in
representative loci. Major allele frequencies in all
populations ranged from 0·2857 (MS 25) to 0·8514
(ms5) with a mean value of 0·564. The gene diversity
and PIC values ranged from 0·2611 (ms5) to 0·8069
(MS25) and from 0·2381 (ms5) to 0·7796 (MS25),
with average values of 0·5974 and 0·5676, respect-
ively (Table 2). Analysis of samples from the
Southern zone revealed major allele frequency
range from 0·50 (MS7) to 0·9286 (MS3) with an
average of 0·7578. The gene diversity and PIC
values ranged from 0·260 (ms5) to 0·6224 (MS25)
and from 0·1239 (MS3) to 0·5474 (MS25), with
average values of 0·3541 and 0·3220, respectively
(Table 3). Furthermore, analysis of samples from
the Eastern zone revealed major allele frequency
range from 0·4286 (MS34) to 0·8095 (ms2) with an
average of 0·5696. The gene diversity and PIC
values ranged from 0·1601 (ms5) to 0·7036 (MS25)

and from 0·1381 (ms5) to 0·6683 (MS25), with
averages of 0·5911 and 0·5473, respectively
(Table 3).
PCAwas constructed using sets ofMLGs. Results

from PCA revealed eight genotypes of the parasite
population from Southern zone, which clustered
together in the bottom left quadrant. Genotypes
obtained from Eastern zone parasite populations
showed close genetic relatedness to Muguga
vaccine strain, based on the pattern of clustering as
shown in in the top right quadrant (Fig. 2).
Linkage equilibrium between pairs of loci was

measured using the standard index of association
(ISA) in order to test whether the parasite populations
from Southern and Eastern zones comprised a single
panmyctic population. The values of ISA were close to
zero with L>VD supporting linkage equilibrium
(LE) in both populations (Table 4).
Sequence analysis of Theileria parva CD8+ T-cell

antigen genes (Tp1 and Tp2) was conducted to
identify antigenic variability of the epitopes within

Table 1. Number of gene copies and alleles identified in each marker in Eastern and Southern zone
population

Marker

Southern zone Eastern zone

Number of gene copies Number of alleles identified Number of gene copies Number of alleles identified

ms2 28 4 42 5
ms5 28 3 42 3
ms7 26 3 40 5
MS3 28 3 42 7
MS7 28 5 42 6
MS8 28 6 38 9
MS16 28 3 42 9
MS19 28 5 42 6
MS21 16 5 26 6
MS25 28 5 38 7
MS27 28 4 38 8
MS33 24 4 42 9
MS34 24 3 42 6
MS40 24 3 40 5

Mean 26·143 3·857 39·714 6·5
S.D. 3·371 1·231 4·286 1·787

ms, microsatellite, MS, minisatellite, S.D., standard deviation.

Fig. 1. Representative marker MS25 locus showing allele frequency identified in Eastern and Southern population,
Muguga strain (Kenyan isolate), vaccine strain (FAO1). The size of each allele (in bp) is given on the x-axis.
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the selected antigen genes. A total of 30 and 29
sequences were obtained for Tp1 and Tp2, respect-
ively from all samples. Results revealed a single
CD8+ T-cell Tp1 epitope (VGYPKVKEEML)
existing in all samples, which was also present in
the Muguga strain. On the other hand, analysis of
Tp2 antigen gene revealed that five out of the six dis-
tinct CD8+ T-cell epitopes were identical to
Muguga strain. The exception was epitope one,
which showed two protein variants, one of which
was identical to Muguga strain, while the other
was identical to var-2 described previously as
Kiambu 5 strain by Pelle et al. (2011). Variant-2
was obtained from Tp2 CTL epitope number two

(SDEELNKLGML) in six samples M72, M78,
M87, M94, M102 and M111, all of which were
from the Eastern zone. Neighbour-joining tree was
constructed to examine whether the sequence diver-
sity observed in Tp2 was associated with geographi-
cal origin of the parasite samples. As depicted in
Fig. 3, the tree separated the T. parva parasite popu-
lations into two major clusters. While majority of
Tp2 genotypes from the Eastern zone grouped into
cluster 1, cluster 2 comprised majority of Tp2 geno-
types from the Southern zone. Separately, the mixed
cluster comprised Muguga vaccine strain reference
sequence, as well as some parasite sequences from
the Eastern and Southern zones. One isolate,

Table 2. Major allele frequency, gene diversity and polymorphic information contents for 14 VNTRmarkers
in three populations of T. parva (Eastern, Southern and vaccine strains).

Markers
Consensus repeat sequence
(Oura et al. 2003) Size range of alleles Major alleles frequency Gene diversity PIC

ms 2 tat 176–250 0·7703 0·3919 0·3743
ms 5 att 152–170 0·8514 0·2611 0·2381
ms 7 att 146–175 0·6571 0·5122 0·4636
MS 3 tataccaaat 193–380 0·4324 0·6625 0·6041
MS 7 gtaactataactatgtaaaca 150–380 0·5541 0·6388 0·6037
MS 8 ttacacagta 160–330 0·5429 0·6788 0·6627
MS 16 actaatatttgttattt 188–393 0·6622 0·5325 0·5067
MS 19 ataattaa 130–320 0·6351 0·5672 0·5430
MS 21 atactatt 170–400 0·3261 0·7761 0·7433
MS 25 ttatatagttaagt 180–340 0·2857 0·8069 0·7796
MS 27 taatcaaattat 130–220 0·5121 0·7016 0·6761
MS 33 atatagttaatt 150–220 0·3571 0·7931 0·7684
MS 34 actatttccat 180–280 0·5857 0·6004 0·5599
MS 40 gaattaataaata 150–250 0·7353 0·4421 0·4232

Mean 0·5640 0·5974 0·5676

ms, microsatellite, MS, minisatellite, popn, population.

Table 3. Major allele frequency, gene diversity and polymorphic information contents for 14 VNTRmarkers
in populations of T. Parva from Eastern and Southern Tanzania.

Markers

Major allele frequency Gene diversity PIC

East popn South popn East popn South popn East popn South popn

ms2 0·8095 0·6429 0·3084 0·5408 0·2608 0·5016
ms5 0·7514 0·8514 0·1601 0·2600 0·1381 0·2381
ms7 0·5500 0·8571 0·5950 0·2551 0·5307 0·2401
MS3 0·4762 0·9286 0·6667 0·1327 0·6141 0·1239
MS7 0·7143 0·5000 0·4082 0·5612 0·3249 0·4650
MS8 0·5000 0·8571 0·6900 0·2449 0·6581 0·2149
MS16 0·6667 0·8571 0·5351 0·2551 0·5167 0·2401
MS19 0·5238 0·7857 0·6576 0·3673 0·6175 0·3483
MS21 0·4615 0·6250 0·6982 0·5625 0·6560 0·5244
MS25 0·4737 0·4286 0·7036 0·6224 0·6683 0·5474
MS27 0·5263 0·7857 0·6593 0·3673 0·6220 0·3483
MS33 0·5238 0·7500 0·6576 0·4167 0·6175 0·3929
MS34 0·4286 0·8333 0·6893 0·2778 0·6390 0·2392
MS40 0·7500 0·7569 0·4150 0·4567 0·3894 0·3984

Mean 0·5696 0·7578 0·5911 0·3541 0·5473 0·3220

ms, microsatellite, MS, minisatellite, popn, population.
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M119, did not cluster to any of the three groups.
Genetic differentiation estimates using chi-square
(χ2) suggested non significant differentiation
between the two populations (χ= 15·1 P= 0·176,
D.F. = 11). Gene flow estimates reported Gst =
0·045 and Fst = 0·094, indicating no gene flow
between the populations.

DISCUSSION

In this study SSR markers were used to study popu-
lation structure of T. parva parasites in blood of
asyptomatic cattle collected from villages in
Eastern and Southern zones of Tanzania
Furthermore, Theileria parva CD8+ T-cell antigen
genes Tp1 and Tp2 were sequenced to identify anti-
genic variability of the epitopes within the parasite
populations.
Several alleles were identified at one or more loci

analysed. This implies that there is multiplicity of
infection (MOI) in both, the Eastern and Southern
zones, where cattle blood samples were collected.
Occurrence of mixed infections is a common
phenomenon, particularly with field samples like
those used in this study. Several reasons may be
used to explain mixed T. parva infections, such as
diversity of parasites transmitted by field ticks,
intensity of tick burden on cattle as well as the
level of infection in the ticks. Previous studies con-
ducted in Uganda (Oura et al. 2005) similarly
revealed existence of a significant MOI in field
samples when analysing populations of T. parva
using SSR markers. In this study, we eliminated
possible allele scoringerrorsbyadoptingaquantitative
method to generate MLGs each being representative
of the dominant strain across the whole sample size.
To avoid shortfalls due to mixed infections in field
samples, as was the case in this study, cloning out
samples or choosing samples with only a single allele
would be preferable before generation of MLGs.
The mean number of alleles per locus as well as

allele frequencies varied between Eastern and
Southern zones suggesting existence of multiple

genotypes in both zones in Tanzania. Parasite popu-
lation from the Southern zone showed lower mean
genetic diversity when compared with that from
the eastern zone. The higher T. parva genetic diver-
sity found in the eastern zone can be explained by
ongoing cattle vaccination programmes using the
Muguga cocktail vaccine. It was therefore not sur-
prising to document lower diversity in parasite
population from Southern Tanzania, since there
has been no recent cattle vaccination against ECF
in the Southern zone (Di Giulio et al. 2009). It is
also likely that the high T. parva diversity documen-
ted in the Eastern zone of Tanzania may be
explained by heavy tick infestations in these areas,
where there are no regular tick control regimes
(Wambura et al. 1998). Our findings may be sup-
ported by previous work conducted in Turkey,
where Weir et al. (2011) demonstrated significantly
higher genetic diversity of T. annulata in vaccinated
animals than in non-vaccinated animals.
Analysis of genotype similarity between T. parva

populations and Muguga vaccine isolate revealed
clustering patterns confirming sharing of MLGs.
This finding may be explained by presence of
unrestricted movements of cattle between zones
in the country, thus introducing new parasite geno-
types. Moreover, geographical sub-structuring of T.
parva genotypes was observed as expected, what was
further supported by neighbour joining tree con-
structed using Tp2 antigen gene sequences.
Previous reports on T. parva genotyping revealed
geographical sub-structuring of the field isolates in
Zambia (Muleya et al. 2012) and Uganda (Oura
et al. 2005).
Our data on linkage equilibrium (LE) and dise-

quilibrium (LD) between pairs of loci, as measured
by value of standard index of association strongly
suggested occurrence of recombination between as
well as within populations. The reasons for LE in
the Eastern zone would be a substantial level of
genetic exchange between vaccine strains and field
isolates while in the Southern zone, the most appeal-
ing reason would be the introduction of genotypes
from the Eastern zone taking into consideration
absence of trade barriers and policies limiting move-
ment of cattle between zones. As demonstrated from
earlier findings a high degree of genetic diversity
within a population may be a result of high levels
of recombination (Katzer et al. 2011, Hayashida
et al. 2013). This information is very important in
vaccine development as it is easier to develop a
vaccine against a clonal pathogen than a highly
diverse pathogen (Muleya et al. 2012), as is the
case with T. parva.
Our results identified antigenic variability of

T. parva epitopes occurring in Eastern and
Southern zones of Tanzania, whereby Tp2 antigen
gene displayed more diversity than Tp1. A signifi-
cant level of homogeneity was observed within

Fig. 2. PCA of T. parva population from Eastern and
Southern zone and Muguga vaccine isolates (FAO 1). The
proportion of the variation in the data set explained by
each axis is indicated in parentheses.
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Tp1 sequences. Likewise sequence resemblance of
the Tp1 epitope with the known Muguga variant, a
major component of the Muguga cocktail vaccine
was demonstrated. Our findings on Tp1 epitope
homogeneity and sequence resemblance to the
Muguga variant support a previous report (Pelle
et al. 2011). Tp2 antigen gene was identical with
majority of the Muguga cocktail epitopes (5 out of
6), and only variant was found to be similar to the
var-2 gene, as previously reported (Pelle et al. 2011).
In conclusion, the results from the present study

suggest that, there is a moderately lower genetic
diversity of T. parva within populations analysed.
Moreover, the results provide evidence of geo-
graphical sub-structure of the T. parva and some
of field samples are genetically related to the
Muguga vaccine isolate. Apparent homogeneity
observed in Tp1 epitope is an indication for future
production of recombinant vaccine. The findings
obtained from this study pave way for future

T. parva genotyping studies in Tanzania, which
will involve a larger sample size from different agro
ecological zones of the country. Our results on anti-
genic variability and genetic diversity of T. parva
existing in Tanzania are essential to consolidate
ongoing control measures against ECF.
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