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Abstract Aim to construct a simple and efficient diagnostic
assay for Theileria annulata and Theileria sergenti, a multi-
plex polymerase chain reaction (PCR) method was developed
in this study. Following the alignment of the related se-
quences, two primer sets were designed specific targeting on
T. annulata cytochrome b (COB) gene and T sergenti internal
transcribed spacer (ITS) sequences. It was found that the de-
signed primers could react in one PCR system and generating
amplifications of 818 and 393 base pair for 7. sergenti and
T annulata, respectively. The standard genomic DNA of both
species Theileria was serial tenfold diluted for testing the sen-
sitivity, while specificity test confirmed both primer sets have
no cross-reaction with other Theileria and Babesia species. In
addition, 378 field samples were used for evaluation of the
utility of the multiplex PCR assay for detection of the patho-
gens infection. The detection results were compared with the
other two published PCR methods which targeting on
T annulata COB gene and T. sergenti major piroplasm surface
protein (MPSP) gene, respectively. The developed multiplex
PCR assay has similar efficient detection with COB and
MPSP PCR, which indicates this multiplex PCR may be a
valuable assay for the epidemiological studies for 7. annulata
and T sergenti.
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Introduction

Theileriosis is an important disease of bovine, caused with
several Theileria species including Theileria annulata,
Theileria sergenti/orientalis, and Theileria parva. Among
of these pathogens, 7. annulata is known as the pathogen
of tropical theileriosis and widely distributed in North Af-
rica, Southern Europe, India, the Middle East, and Asia
(Bilgic et al. 2010). T. sergenti is the major vector-borne
protozoan parasite of grazing cattle and buffalo in Japan and
Korea and belongs in the group of 7. sergenti/Theileria
buffeli/T. orientalis (Wang et al. 2010; Liu et al. 2010).
Both of the Theileria species were reported in China,
T. annulata was considered to be the most pathogenic,
and T. sergenti is prevalent (Luo and Lu 1997; Liu et al.
2010). In the case of blood samples collected from grazing
animals, 7. annulata and T. sergenti are often found co-
infected in the host (Gubbels et al. 1999; Georges et al.
2001). Because they shared similar clinical signs, including
fever, anorexia, icterus and anemia, it is very difficult to
discriminate the pathogens.

Traditional diagnosis of bovine theileriosis is mainly
based on the microscopic examination of blood smears for
the presence of the merozoites stage of Theileria (Ahmed
et al. 2002). However, the low sensitivity and the requiring
well-trained technicians of this method do not permit its
application in epidemiological studies (Liu et al. 2014).
One of important character of theileriosis is that once the
animal recovered from the primary infection, the animal will
become a carrier for a long time. At this stage, the animal
has very low parasitemia which is difficult to detect by a
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microscope (Figueroa et al. 1993). Therefore, high sensitiv-
ity and specific assays for detection of these pathogens from
the subclinical animals are needed.

Compare to the microscopic method, serological tests,
which aim to detect the circulating antibodies in the later
phase of the disease when the parasitemia drops, are much
better. To date, many proteins such as Tasp, Tams-1, and
PIM were indentified and used for the development of
ELISA (Katende et al. 1998; Gubbels et al. 2000;
Schnittger et al. 2002; Seitzer et al. 2010; Mohamed
et al. 2012; Rajendran and Ray 2014). However, cross-
reactivity of antibodies across different Theileria species
is always following with these methods, particularly when
the pathogenic and non-pathogenic pathogens are co-infec-
tion. Moreover, ELISA could not give the right proposal
for drug treatment after detection, because even the path-
ogens disappeared a long time, the antibodies are still
positive against it.

Polymerase chain reaction (PCR) is a highly sensitive and
specific method for detection of different pathogens. Since
PCR method was introduced in the detection of Theileria
(Kawazu et al. 1992; Bishop et al. 1993), many gene se-
quences such as 18S rRNA, internal transcribed spacer
(ITS), major piroplasm surface protein (MPSP), Tamsl1, and
cytochrome b (COB) were used for development of PCR
method for detection of different Theileria species (Tanaka
et al. 1993; d’ Oliveira et al. 1995; Han et al. 2009; Bilgic
et al. 2010; Kamau et al. 2011). Recently, some PCR-related
assays including real-time PCR and loop-mediated isothermal
amplification (LAMP) methods were developed for diagnosis
of the pathogens of theileriosis (Wang et al. 2010; Ros-Garcia
et al. 2012; Chaisi et al. 2013; Liu et al. 2013). Those indi-
vidual PCR methods are highly sensitive and effective for
detection of the single pathogen at a time, but when they
are applied to detect a large number of field samples which
are co-infections with different Theileria species, it will be
time-consuming and material-consuming. Aim to cover those
problems, reverse line blot (RLB) which could detect multi-
ple pathogens in one reaction was used for detection of piro-
plasms, but the time-consuming and requirement of special
equipment restricted its application in epidemiological studies
(Georges et al. 2001; Almeria et al. 2002; Igbal et al. 2013).
Multiplex PCR offers significant advantages over individual
PCR for assessment of multiple species pathogen infection
from large number of samples. These assays were already
widely used to detect the co-infection of Babesia, Theileria,
and Anaplasma (Figueroa et al. 1993; Alhassan et al. 2005;
Bilgic et al. 2013; Zhang et al. 2014). In the present study, a
multiplex PCR was developed for simultaneous detection of
T annulata and T. sergenti from cattle blood samples, and
compared its application with the single PCR methods
targeting on the MPSP and COB gene for 7. sergenti and
T. annulata, respectively.
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Materials and methods
Positive parasites DNA samples

The preserved laboratory standard stocks including
T annulata (Inner Mongolia) and T. sergenti (Liaoyang)
were used as positive control in this study and preserved at
=70 °C. The concentration of the DNA was evaluated by
using a NanoDrop 2000 spectrophotometer (Thermo Fisher
Scientific, USA).

Field blood samples

In order to evaluate the multiplex PCR assay for the diagnosis
of field samples, a total of 378 blood samples of grazing cattle
were collected from eight provinces, including Jilin, Inner
Mongolia in the northern of China, Henan, Hebei and Shan-
dong in central China, Guangdong, and Guangxi in southern
China. Genomic DNA from the field samples was extracted
by using genomic DNA extraction kit (Gentra, Germany). The
extracted DNA was stored at —20 °C until use.

Primer design

The nucleotide sequence of cytochrome b gene of 7. annulata
(KP731977, XM949625) and the internal transcribed spacers
sequence of 7. sergenti (EF547929, EF547930) were used
for designing the primers after aligned with relative se-
quences. Specific primer sets with similar annealing temper-
ature were designed by using Primer 5. For detection of
T annulata, primer set AnCb (forward: 5'-CGGTTGGTTT
GTTCGTCTTT-3'; reverse: 5'- GCCAATGGATTTGAAC
TTCC-3") was designed to amplify a 393-bp sequence. Prim-
er set SerITS (forward: 5'-CAACCCAGCTGCTTTTGAGG-
3'; reverse: 5'-CAACAGAATCGCAAAGCGGT-3") was
used to amplify a 818-bp sequence from the ITS gene of
T. sergenti. The specificity of each primer set was evaluated
by using the BLASTN algorithm from the NCBI database
(http://blast.ncbi.nlm.nih.gov/Blast.cgi).

Single and mutiplex PCR

The primer sets AnCb and SerITS were evaluated individu-
ally aim to determinate their specificity. All PCR reactions
were performed in a final volume of 25 pl containing
12.5 pl Premix Taq DNA polymerase (TaKaRa, China),
0.8 uM of each primer, and 1 ul of DNA template. PCR
reaction system comprised of one step initial denaturation at
95 °C for 3 min followed by 35 cycles of denaturation
(94 °C for 1 min.), primer annealing (61.5 °C for 50 s),
and extension (68 °C for 1 min.). The final extension was
performed with one step at 68 °C for 5 min. The relative
Theileria species (Theileria sinensis) and Babesia species
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(Babesia bigemina, Babesia bovis, Babesia ovata, Babesia
major, and Babesia sp. Kashi) were used for testing the
specificity of the primer sets. PCR product was electropho-
resed on a 1.0 % agarose gel containing 10 pl of Goldview
(SolarBio, China) in Tris-acetate-EDTA (TAE) buffer at
120 V for 40 min and visualized under UV light.

After modulation, the multiplex PCR was perform in a final
volume of 25 pl containing 12.5 pl of Premix Tag DNA
polymerase (TaKaRa, China), 0.3 uM of each AnCb primer,
0.8 uM of each SerITS primer, and 1 ul of each Theileria
DNA template. The reaction was carried out as a single
PCR. The PCR results were analyzed under UV light as de-
scribed above.

Sensitivity of single and multiplex PCR

The T annulata (Inner Mongolia) and 7. sergenti (Liaoyang)
DNA was initially diluted to10 ng/ul and then serially diluted
tenfold in distilled water. The diluted DNA was used as a
template in the PCR to evaluate the sensitivity of each pair
of primers. Additionally, the sensitivity of the multiplex PCR
for co-infection was also evaluated using a mixture of
T annulata and T. sergenti DNA.

Examination of field samples

In order to evaluate the application of the multiplex PCR,
DNA from 378 field bovine blood samples was used as tem-
plate to detect the presence of 7" annulata and T. sergenti. Two
published PCR methods for detection of 7. annulata (Bilgic
et al. 2010) and T. sergenti (Liu et al. 2010) were used for
comparison the efficiency of the multiplex PCR detection.

Cloning and sequencing

Multiplex PCR products with the expected size of 393 bp for
T’ annulata and 818 bp for T sergenti were electrophoresed on
a 1.5 % agarose gel. After being visualized under UV, the PCR
product was excised from the gel and purified using Axygen
Gel Purification Kit. The DNA fragment was cloned into the
pGEM-T Easy vectors (Promega, USA). The Escherichia coli
JM 109 (TaKaRa, China) was transformed, and plasmid DNA
from the selected clones was identified using PCR using the
primers as mentioned above (program and reaction mixtures
were used as same as PCR amplification described above) to
verify the presence of correct inserts in selected clones before
for the sequencing process by the Big Dye Terminator Mix of
TaKaRa Company (China). For the field samples from each
province, one positive PCR product for each parasite was
selected for sequencing.

Results
Specificity of designed primers in single PCR

The specificity of the primer AnCb and SerITS was evaluated
in single PCR reaction with a total of eight species of Theileria
and Babesia which are present in China. And uninfected bo-
vine DNA and water were used as negative and blank control,
respectively. From the gel, the expected size of fragments
were generated from 7. annulata and T. sergenti DNA with
the specific primers, while no products were found from either
other Theileria and Babesia DNA or the controls (Fig. 1),
which indicate the designed primer sets are specific targeting
on the T annulata COB gene and T sergenti ITS sequence.

Sensitivity of the single and multiplex PCR

The sensitivities of the single PCR were evaluated using a
tenfold serial diluted 7. annulata and T. sergenti DNA which
the concentration ranged from10 ng/ul to 10~* ng/ul for each
parasite. A mixed DNA representing both parasites was used
to evaluate the sensitivity of the multiplex PCR assay. As
shown in Fig. 2, single PCR could detect 10® ng/pl and
1077 ng/ul DNA of T annulata and T. sergenti, respectively.
The multiplex PCR (mPCR) was able to detect 107" pg/ul
DNA of T. annulata and T. sergenti, which was similar with
the single PCR reactions.

Detection of T annulata and T. sergenti infections in field
samples

A total of 378 bovine blood samples from six provinces of
China were examined for 7" annulata and T. sergenti infection
by using mPCR and single PCR targeting on 7. annulata COB
gene and 7. sergenti MPSP gene, respectively. With multiplex
PCR method, 11 samples are positive for 7. annulata and 81
samples are positive for 7. sergenti. Among the positive sam-
ples, three samples are mix infection from Jilin and Chong-
qing. Published PCR method target on 7. annulata COB gene
have detected six positive samples, and PCR target on
T sergenti MPSP gene have detected 80 positive samples.
Only one mix infection sample was found with those two
single PCR methods from Chongqing. The detail of the results
could be found in Table 1.

Sequencing analysis

Positive PCR products amplified from the standard DNA of
T annulata and T. sergenti were sequenced to confirm the spec-
ificities of the AnCb and SerITS. In addition, one positive sample
for each parasite from each province was selected for sequencing
and compared with the published sequences. From the sequenc-
ing results, fragments from standard samples were 99.5 and
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Fig. 1 Specific test of the primer M 1 2
sets SerITS (a) and AnCb (b). M,
DL2000™ Molecular marker
(TaKaRa); lane I T. sergenti; 2 T.
annulata, 3 T. sinensis, 4 B.
bigemina, 5 B. bovis, 6 B. ovata, 7
B. major; 8, B .sp. Kashi, 9
uninfected bovine DNA, 70
water. The bands from a and b
shows the 818 and 393 base pair
sequences generated from SerITS
and AnCb primer sets,
respectively
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99.9 % identical with the 7" annulata COB gene and T. sergenti
ITS sequence. From the wild positive samples, four sequences
for T. annulata were sequenced and compared with the
1. annulata cytochrome b gene which shown the identities range
between 98.7 and 99.7 %. For the samples positive for 7. sergent,
eight single plasmid clones were selected for sequencing. The
derived sequences showed the identities range from 97.1 to
99.5 % with the T sergenti Liaoyang ITS sequence.

Discussion

Theileria species are of the most importance pathogens of East
Coast fever and tropical theileriosis in cattle. These parasites
can be sorted as host cell transforming and non-transforming
species. The sporozoites of 7. annulata invade B cells, mac-
rophage cells, and dendritic cells, while the 7. parva infect

Fig. 2 Sensitivity tests of
multiplex PCR with serial
dilution of mixture of DNA from
T. annulata and T. sergenti. M,
DL2000™ Molecular marker
(TaKaRa); lanes 1-10, tenfold
series dilution of mixed DNA
sample ranging from 10 ng/pl to
107® ng/ul
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mainly with T cells (Ahmed et al. 1984; Hostettler et al.
2014). The parasite-infected cells could produce cytokines
which might impair the function of host immune cells and
thus enhance the establishment of the infection (Ahmed and
Mehlhorn 1999). In addition, the infected cells disseminate
through lymphoid tissue and some organs including the heart,
lungs, and brain which leading to hemorrhagic lesions (Jensen
etal. 2009). The benign species of Theileria such as the group
Theileria buffeli /orientalis/sergenti is one of the important
pathogens in some area especially when infected with
T. annulata or T. parva. Aim to eliminate the parasites,
halofuginone lactate and buparvaquone were confirmed avail-
able against 7" annulata and T. parva, but no drugs were found
useful against 7. sergenti infection for practical field applica-
tion (Mehlhorn and Raether 1988; Shiono et al. 2003). There-
fore, to define the infected parasite species will be helpful for
control of the disease.
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Table 1

Multiplex PCR and the reference PCR methods tests on field bovine blood samples

Province No. of samples Positive 7. an samples Positive 7. ser samples Mix infection
mPCR COB mPCR MPSP mPCR COB+MPSP

Guangdong 60 2 3 1 0 0
Guangxi 32 0 0 5 0 0
Henan 51 0 0 33 31 0 0
Hebei 25 0 0 9 8 0 0
Jilin 23 3 0 11 8 1 0
Inner Mongolia 93 1 0 4 5 0 0
Shandong 39 0 0 3 1 0 0
Chongging 55 5 3 15 21 2 1

T. an Theileria annulata, T ser Theileria sergenti

In China, bovine theileriosis mainly caused by 7. annulata,
T sergenti and Theileria mutans (Luo and Lu 1997). Among
of these pathogens, 7. annulata and T. sergenti are the most
prevalent. Both of the Theileria species were usually found
co-infection from the field samples and cause important health
and management problems which lead to reduce the produc-
tivity of the milk and meat. Its long lasting carrier stage with
lower parasitemia which was difficult to detect by a micro-
scope is a potential risk for the next outbreak of theileriosis.
PCR method with higher sensitivity and specificity could di-
rectly detect the parasite genomic material to reveal the pres-
ence of live parasite in the animal. Therefore, an efficient PCR
diagnosis assay is very helpful for making the control strategy
for theileriosis. Multiplex PCR, which could simultaneously
detect different pathogens in one reaction, was confirmed as a
valuable tool for detection of pathogens in co-infection case
(Figueroa et al. 1993; Alhassan et al. 2005; Chan et al. 2013;
Bilgic et al. 2013; Zhang et al. 2014).

In the present study, a multiplex PCR method was
established for simultaneously detection of T annulata and
T. sergenti. The internal transcribed spacers with higher evo-
lutionary rates were already used in phylogenetic analysis and
as a target gene for detection of Theileria species (Aktas et al.
2007; Kamau et al. 2011). Previously, a study has shown that
T’ annulata cytochrome b gene is a very sensitive and specific
gene target, and a PCR method was already established based
on this gene for detection of 7 annulata (Bilgic et al. 2010;
Bilgic et al. 2013). Therefore, two primer sets were designed
based on the 7. annulata COB gene and T sergenti ITS se-
quence, which the expected products are 393 and 818 bp,
respectively. After optimizing the reaction system, two primer
sets could specifically amplify its target gene successfully in
one reaction. No cross-reaction was found with other bovine
piroplasms DNA. And the sensitivity of the established PCR
method could detect the 107" ng/ul DNA of T annulata and
T. sergenti, which is higher than the method for detection of

T annulata based on COB and 7. sergenti based on MPSP
gene (Liu et al. 2010; Bilgig et al. 2013).

Aim to evaluate the application of multiplex PCR, 378 field
blood samples were used for detection of 7. annulata and
T. sergenti. Two PCR methods for detection of 7. annulata
and T sergenti based on the published papers were used as
reference methods (Liu et al. 2010; Bilgig et al. 2013). From
the results, 2.91 % (11/378) samples from Guangdong, Jilin,
Inner Mongolia, and Chongqing were positive for 7. annulata
by using multiplex PCR. However, samples only from Guang-
dong and Chongqing were positive (1.59 %) for T. annulata
by using published COB PCR method. The infection of
T. sergenti were found present in every investigated province
by both multiplex PCR and MPSP PCR method, and the pos-
itive rate was 21.43 and 21.16 % of total sample number,
respectively. For the co-infection detection, one sample from
Jilin and two samples from Chongqing were positive for both
parasites by using multiplex PCR, and one sample from
Chongqing was found infected with both parasites by using
the two published PCR methods. From the result examination
of field samples, the multiplex PCR has a higher sensitivity
than the single COB PCR for T annulata but with the similar
sensitivity of MPSP PCR for T sergenti. Of the two Theileria
species detected in the present study, T° sergenti was found to
be the most prevalent in all investigated provinces which con-
firmed again this parasite exists in most part of China, while
the infection of 7. annulata mainly found in the north or
northwest of China. However, both methods found 7. annulata
infection from Guangdong province belongs to a sub-tropical
area. Because there has been no report for the presence of
T. annulata and its vector in this area before, it is needed
further works to analyze the distribution of ticks in Guang-
dong province.

In conclusion, the developed multiplex PCR method in
the present study provides an efficient and higher sensitiv-
ity assay for detecting of 7. annulata and T. sergenti in
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the carrier cattle. The method should be useful for ad-
dressing the prevalence of both parasites in more areas
in China and will be helpful to make the control strategies
for the co-infection by these pathogens.
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