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Abstract

The present study aimed to estimate the molecular prevalence of Theileria annulata and Trypanosoma evansi
infection in cattle in Northern Tunisia. A total number of 96 cattle from five farms were evaluated. 7. annulata
and 7. evansi prevalences were 61% [56/66] and 10% [7/13], respectively, at a confidence interval (CI) of 95%,
while co-infection was present in 6% [4/8] of the tested animals at a CI of 95%. There was a significant correla-
tion between age and the prevalence of T. annulata infection, whereas, there was no significant association
shown with the age of cattle and 7. evansi infection. Sequence and phylogenetic analyses showed that the
T. annulata Tamsl gene and 7. evansi ITS1 rDNA gene were highly conserved with 97.1-100% and 98.3—
100% sequence identity, respectively.
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Introduction

Tropical theileriosis (Theileria annulata infection)
and surra (7rypanosma evansi infection) are two
major vector-borne haemoprotozoan infections in
cattle. Both of the diseases cause high financial losses
as a consequence of severe clinical illness in infected
cattle but also of carrier state (Gharbi et al. 2006,
2011). In Tunisia, tropical theileriosis is one of the
most frequent summer diseases of cattle with annual
declared clinical cases of more than 2500 (Bahri ez al.
1995). However, in Tunisia, 7. evansi infection
prevalence in cattle has never been studied.

Theileria annulata is enzootic in sub-humid and
semi-arid Tunisian bioclimatic zones (Darghouth
et al. 1996). It is a major constraint to the develop-
ment of cattle population, particularly for exoticdairy
breeds (Darghouth 1991).

Trypanosoma evansi is the most widely distributed
pathogenic salivarian trypanosome in animals, it is

the causative agent of surra (Woo 1977).The infec-
tion is transmitted mechanically by haematophagous
arthropods. This parasite is cosmopolitan, affects a
wide range of hosts (including humans). In India,
four cases of human infection by 7. evansi were doc-
umented with one death case (Desquesnes et al.
2013).

Trypanosoma evansi is especially pathogenic in
camels and horses (Sumbria et al. 2014), it causes, in
domestic animals, high morbidity, an decreased milk
and meat yield. This parasite also induces immuno-
suppression in infected animals (Singla et al. 2009;
Desquesnes et al. 2013). Since 2008, surra has been
recognized as a notifiable disease, but cattle infection
prevalence remains unknown in Tunisian cattle
(OIE, 2008).

The aim of our study was to estimate the infection
prevalence of cattle in Tunisian enzootic region for
tropical theileriosis by 7. annulata and T. evansi.
The genetic characterization of the isolates and their
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phylogenetic relationships with those sequences
available in GenBank was also performed.

Materials and methods
Study region and animals

The present study was carried out in El Hessiene
locality (Kalaat El Andalous, Ariana Gouver-
norate, Northern Tunisia) (Fig. 1); it is a sub-
humid region with an annual average rainfall of
454 mm. The mean minimal and maximal tempera-
tures are 25.9 and 10.7°C in August and January,
respectively (climate-data.org). The study was car-
ried out in extensive cattle herds during April
2014 (spring season) and January 2015 (winter sea-
son). Five cattle herds were visited and a total of
96 Holstein cattle of both sexes, aged between
2 months and 15 years were used for Theleria
annulata and Trypanosoma evansi testing. Blood
samples were collected in EDTA tubes from the
jugular vein of each animal.

Mediterranean Sea

DNA extraction

The DNA was extracted from whole blood using a
Bio Basic DNA Kit (Rapid Blood Genomic DNA
Extraction Kit, Markham Ontario, Canada). Briefly,
300 uL of blood was mixed with 600 uL of lysis buf-
fer and centrifuged at 4000 g. The supernatant was
collected and 20 uL of proteinase K was added. PR
buffer (60 uL) was added to the mixture, then, incu-
bated at —20°C for 20-30 min and centrifugation at
12 000g. The supernatant was mixed with iso-
propanol twice volume followed by centrifugation;
finally, the pellet was washed in 75% ethanol. The
microtubes were centrifuged at 12 000 g for 5 min.
The pellet was resuspended in 100 pL of Tris EDTA
buffer and stored at —20°C until used.

Trypanosoma evansi DNA amplification

The PCR for T. evansi DNA detection was per-
formed using the protocol described by Rjeibi et al.
(2015). Trypanosoma evansi PCR was performed
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Fig. 1. Theileria annulata and Trypanosoma evansi infection prevalence in cattle in Ariana (Northern Tunisia) estimated by PCR.
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with a set of primers that amplifies a 480 bp region
of T. evansi ITS1 rDNA gene (Njiru et al. 2005). The
forward and reverse primers were: ITSICF (5'-CCG
GAAGTTCACCGATATTG-3) and ITS1 BR (5'-T
GCTGCGTTCTTCAACGAA-3), respectively. PCR
was performed in 25 L. volume consisting of 2.5 uL
of 10x PCR buffer (50 mmol/L. Tris-HCl; pH 8.5;
50 mmol/L. NaCl), 0.2 mmol/L of each dNTP,
2 mmol/L MgCl,, 0.2 umol/LL of each primer, 0.5 U
Taq polymerase (Vivantis, Chino, California) and
3 uL of the DNA template.

In each PCR run, negative and positive (7. evansi
DNA) controls were added. Amplification was per-
formed in an automatic Swift MaxPro thermal cycler
(SWT-MXP). Thermocycling started with an initial
denaturation for 5 min at 94°C, followed by 35 cycles
(94°C for 40 s, 58°C for 40 s, and 72°C for 90 s) and
a final extension at 72°C for 5 min.

Theileria annulata DNA amplification

Theileria annulata PCR amplifying a 721 bp frag-
ment was performed with a set of specific primers of
the gene encoding Tamsl of 7. annulata. The for-
ward primer was N516 (5-GTAACCTT-
TAAAAACGT-3') and the reverse primer was N517
(5-GTTACGAACATGGGTTT-3) (d’Oliveira
et al. 1995). The PCR was carried out in 25 uL vol-
ume for each reaction consisting of 2.5 uLL PCR buf-
fer, 2 uL of the extracted DNA template, 0.4 mmol/
L of each dNTP, 0.5 umol/L of each primer, 3 mmol/
L MgCl, (25 mmol/L), and 0.05 U/uL. of Tag DNA
Polymerase (Vivantis). The reactions were per-
formed in an automatic Swift MaxPro thermal cycler
(SWT-MXP), with initial denaturation at 94°C dur-
ing 5 min, followed by 30 cycles (94°C, 55°C and
72°C for 1 min each) and a final extension at 72°C
for 10 min.

For all PCR runs, electrophoresis was performed
in 1% agarose gel with ethidium bromide and visual-
ized under UV light.

DNA sequencing and phylogenetic analyses

Six PCR products obtained with primers ITS1CF/
ITS1IBR and N516/N517 amplifying 7. evansi and

T. annulata, respectively were purified with the unin-
corporated terminators with the BigDye® Termina-
tor v3.1 Cycle Sequencing Kits (Applied Biosystems)
according to manufacturer’s instructions. The PCR
products were sequenced in both directions, using
the same primers as for PCR. Sequencing reactions
were performed in the DNA Engine Tetrad 2 Peltier
Thermal Cycler (BIO-RAD) using the ABI BigDye®
Terminator v3.1 Cycle Sequencing Kit (Applied
Biosystems), following the protocols supplied by the
manufacturer. Chromatograms were evaluated with
Chromas Pro software (version 2.4.3; Technelysium
Pty Ltd 2014). The MEGA 6.1 software programme
was used to perform multiple sequence alignments
(Tamura et al. 2013). The sequences were compared
with the GenBank database by a nucleotide
sequence homology search carried out at the net-
work server of the National Centre for Biotechnol-
ogy Information (NCBI) using BLAST (http:/blast.
ncbi.nlm.nih.gov). Phylogenetic tree was constructed
by using the neighbour-joining method. The two
alignments were analysed by Maximum Composite
Likelihood. The outgroup that are known to fall out-
side of the group of interest (the ingroup) is the way
to root tree.

Statistical analysis

The observed prevalence was estimated as follows:

Prevalence = 100 x (number of infected animals)/
(total number of examined animals)

Age was categorized in three groups: less than
2 years, between 2 and 5 years and superior or equal
to 6 years. Age and gender were tested for significant
association with the infections status of animals to
T. annulata and T. evansi, respectively, using chi-
square test. This one was performed with Epi Info 6
software at the threshold value of 0.05 (Schwartz
1993).

To assess the significant effect of each factors (age
and gender) while simultaneously controlling for the
effect of the other factors an analysis with logistic
regression was carried out based on prevalence status
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to T. annulata and T. evansi of the animals as a bin-
ary outcome. A backward stepwise method was used
for significant (P < 0.05) variables in the univariate
analysis. The logistic regression was performed using
SPSS, version 21 software.

Results and discussion

Molecular prevalence of T. annulata and
T. evansi in Tunisian cattle

Overall T. annulata infection prevalence was esti-
mated at 61 [56; 66] CI at 95%. The highest infection
prevalence was observed in cattle aged of > 6 years
92 [85; 99] CI at 95%, while the lowest prevalence
infection was observed in the animals aged of less
than 2 years 34 [26; 42] CI at 95% (P = 0.00001)
(Table 1). According to logistic regression results,
animals aged more than 6 years were 20 times at
greater risk of positivity compared to animals
between 2 and 5 and five times more likely to be pos-
itive compared to animals less than 2 years. The
infection prevalence of 7. annulata was higher than
cattle in Turkey (39%; 99/252) (Aktas et al. 2006), in
Egypt (9.56%) (Elsify et al. 2015) than those esti-
mated by blood smear in Faisalabad, Pakistan
(10.8%; 28/260) (Saleem et al. 2014) and India (Tuli
et al. 2015). This high prevalence is related to the
abundance of the vector tick (Hyalomma scupense)
in this region (Gharbi et al. 2014). Moreover, in our
survey, studied cattle are reared in extensive system.
This breeding system is a determining risk factor for
tropical theileriosis infection explained by the

endophilic character of the tick vector in North
Africa (Gharbi ef al. 2012). A positive association
between the age of the animals and the infection
prevalence was detected (P < 0.005) (Fig. 2). The
logistic regression model showed that only age was
associated to 7. annulata infection. The age was
shown to be positively associated with multiplicity of
T. annulata infection (Weir et al. 2011). The same
trend was reported by Flach et al. (1995). This could
be because of: (1) the multiple re-infections of the
animals, (2) the low tick-attractiveness of calves or
(3) colostral antibodies persistence (Gharbi et al.,
2014). However, there was no statistically significant
difference of 7. annulata infection prevalence
according to gender.

A total 10 samples were positive to 7. evansi, giv-
ing an infection prevalence of 10 [7; 13] CI at 95%
(Table 1). The distribution of arthropod-borne dis-
eases is associated with the presence and distribution
of its vector host (Baticados ef al. 2011). In this con-
text, the low prevalence of surra can be due to the
scarcity of vector arthropod, the low parasitaemia in
cattle and the low susceptibility of this species to
T. evansi. There were no statistically significant dif-
ferences in age and gender and infection prevalence.
Trypanosma evansi has a large host range, but it is
particularly pathogenic in camels and horses
(Desquesnes et al. 2013).

A total number of six animals were co-infected by
both parasites 6 [3.5; 8.5] CI at 95% which was lower
than cattle in India (11.25%) (Sudan et al. 2015).
The highest rate co-infection was observed in 2 to
5 years age group 8 [3; 13] CI at 95%. However,

Table I. Prevalence of Theileria annulata and Trypanosoma evansi infections and different parameters based on PCR in studied cattle

Parameter Theileria annulata Trypanosoma evansi Co-infection (7. annulata and
T. evansi)
+ive/examined OR [95% CI¥]  +ive/examined OR [95% CI¥] +velexamined ~ OR [95% CI¥]
(% + SE) (% + SET) (% + SET)
Gender Female  46/69 (66 £ 0.06) 2.15[0.79; 5.88]  7/69 (10 £ 0.04) 0.90 [0.19; 4.85]  5/69 (7 + 0.03) 2.03 [0.21; 48.22]

Male 13/27 (48 + 0.1)

3/27 (11 + 0.06)

127 (3 + 0.04)

Age group <2 years  12/35 (34 £ 0.08) 2.1 [0.08; 0.74]*  5/35 (11 + 0.06) 1.88 [0.10; 13.12] 1/35 (2 £ 0.03) 3.09 [0.00; 1.44]*

2-5 years  25/37 (67 £ 0.08) 5.3 [0.01;027]%  3/37 (8 & 0.05)
2/24 (8 £ 0.06)  1.83[0.20; 10.04] 2/24 (8 £ 0.06)
10/96 (10 + 0.03)

>6 years  22/24 (92 + 0.06)
Overall 59/96 (61 + 0.05)

3/37 (8 £ 0.05)  1.03 [0.01; 3.35]

6/96 (6 + 0.02)

OR, Odds Ratio; NA, not applicable. *0.001 < P < 0.05.Standard Error."95% Confidence Interval.
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Fig. 2. Age - prevalence relation of Theileria annulata and Trypanosoma evansi infection.

animals aged of less than 2 years showed the lowest
infection rate (Fig. 2). While, no significant differ-
ence was observed in gender infection prevalence.

Additional studies are needed to further under-
stand the importance of co-infection and the pres-
ence of any interaction between the two pathogens.
Veterinarians should consider the possibility of
co-infection and the presence of surra in Northern
Tunisia.

Phylogenetic analysis
Theileria annulata phylogeny

T. annulata Tamsl gene (GenBank Accession Num-
ber: KU145624) was identified in this study. Nucleo-
tide sequence identity data demonstrated that the
Tunisian 7. annulata strain share 100% sequence
identity with Mauritania and Egypt (AF214819 and
AB917290, respectively), in which they were found
in a single group (groupl) for the considered gene.
Our isolate has 98.2 and 97.1% nucleotide homology
with Bahrain (AF214795) and Turkey (U22888),

respectively (group 2). The Tamsl sequence from
this work shared 98-97.1% identity with other Tuni-
sian isolates (group 3). It was related to sequences
from India and Iraq (AF214844 and GU130194,
group 4) (95.9 and 94.8% sequence identity, respec-
tively). Furthermore, sequences from Spain, Iran,
Italy and Sudan were classified in a single group
(group 5) (Fig. 3).

The Tunisian Tamsl gene sequences were rela-
tively diverse (97.1-100% identity values), dispersing
themselves across several groups in the phylogenetic
tree containing sequences from other countries.
Knowing that, the Tams1 gene of 7. annulata is anti-
genically diverse (Dickson & Shiels 1993). Moreover,
T. annulata may generate novel antigenic Tamsl
types by differential glycosylation (Katzer et al.
1998). This leads to high diversity levels allowing the
parasite to evade the host’s immune responses. How-
ever, identical Tams1 sequences were established in
widely separate regions Habibi (2013). In this study,
a close relationship was detected between Tunisian,
Mauritanian and Egyptian.
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Fig. 3. Phylogenetic relationships based on the partial nucleotide sequences (450 pb) of Tams!| gene for merozoite-piroplasm surface antigen
of T. annulata with other variants from T. annulata stains available in GenBank. The host, the country of origin and the GenBank accession num-
bers are given between parentheses. Sequence obtained in the present study is indicated with a black square.
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Fig. 4. Phylogenetic relationships based on the partial nucleotide sequences (400 pb) of TSI rDNA of Trypanosoma with other variants from
T. evansi stains available in GenBank. The host, the country of origin and the GenBank accession numbers are given in parentheses. Sequence

obtained in the present study is indicated with a black square.

Trypanosoma evansi phylogeny

A T. evansi ITS1 rDNA genotype named KU145623
(GenBank Accession Number) was identified in this

study. The BLAST comparison of the partial
sequences of ITS1 rDNA gene revealed 100%
homology with the I'TS1 sequence from the 7. evansi
strain collected from a dog in Tunisia, Sousse
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(KJ741365), 99.8% homology with T. evansi evansi
from cattle in Thailand (AY912277) and 98.8%
homology with isolates from water Buffalo in Thai-
land and Philippines (AY912275, HQ593643). In
China, 99 and 99.3% homology from mule and buf-
falo (FJ712712 and FJ712711, respectively), 99.3%
homology with isolates from Iranian camels
(JN896754) and 98.8% homology with isolates from
Philippine buffalos (HQ593643). T. evansi and
T. brucei (AJ673390) share a high similarity (97%)
in their ITS1 rDNA gene sequences (Fig. 4).
Phylogenetic analyses of T. evansi revealed neither
host nor geographic specificity. In this context, the
introduction of infected animals is a risk factor for
spread of the disease. Furthermore, Pourjafar et al.
(2013) showed that T. evansi probably related to the
capacity for rapid adaptation to different host species
and environments. We recommend undertaking
additional studies to further understand the impor-
tance of co-infection between the two pathogens.
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