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aBsTrACT. Hemoprotozoan infections often cause serious production losses in livestock. In the present study, we conducted a PCR-based
survey of Babesia bovis, Babesia bigemina, Theileria annulata, Theileria orientalis, Trypanosoma evansi and Trypanosoma theileri, using
423 DNA samples extracted from blood samples of cattle (n=202), water buffaloes (n=43), sheep (n=51) and goats (n=127) bred in the
Hue and Hanoi provinces of Vietnam. With the exception of 7. annulata and T. evansi, all other parasite species (B. bovis, B. bigemina, T.
orientalis and T. theileri) were detected in the cattle populations with B. bovis being the most common among them. Additionally, four water
buffaloes and a single goat were infected with B. bovis and B. bigemina, respectively. The Hue province had more hemoprotozoan-positive
animals than those from the Hanoi region. In the phylogenetic analyses, B. bovis-MSA-2b, B. bigemina-AMA-1 and T. theileri-CATL
gene sequences were dispersed across four, one and three different clades in the respective phylograms. This is the first study in which the
presence of Babesia, Theileria and Trypanosoma parasites was simultaneously investigated by PCR in Vietnam. The findings suggest that

hemoprotozoan parasites, some of which are genetically diverse, continue to be a threat to the livestock industry in this country.
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The livestock industry often suffers enormous economic
losses from infectious diseases caused by hemoprotozoan
pathogens. Different species of Babesia, Theileria and Try-
panosoma parasites that infect farm ruminants, such as cattle,
water buffaloes and sheep, afflict the livestock production
systems across the world. Bovine babesiosis is caused by
Babesia bovis, B. bigemina, B. divergens, B. ovata and B.
major [6]. While B. bovis and B. bigemina infect both cattle
and water buffaloes, B. divergens, B. ovata and B. major
usually infect the cattle [6]. Among these parasites, B. bovis
and B. bigemina are known as the most economically im-
portant pathogens in many tropical countries [6]. In addition
to causing hemolytic anemia, B. bovis induces neurological
damage and respiratory syndrome in infected cattle [11, 27].
If untreated, both B. bovis- and B. bigemina-related babesio-
sis can prove fatal [8].

Theileria parva and T. annulata are highly virulent
lymphoproliferative parasites that also damage the health
of cattle populations [20]. The causative agent of tropical
theileriosis, 7. annulata, which infects cattle and yaks, is
common in North Africa, Southern Europe and Asia. In
contrast, T. parva, which causes East Coast fever in cattle,
is mainly found in eastern, central and southern Africa [25].
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In addition, a relatively benign group of Theileria parasites,
consisting of 7. orientalis, T. sergenti and T. buffeli, has a
wide host range, including several ruminants and worldwide
distribution [3, 19].

Among Trypanosoma species, T. congolense, T. vivax and
T. brucei are the most virulent species in Africa; however,
T. evansi causes a potentially fatal severe wasting disease
amongst susceptible animals, such as cattle, buffaloes,
horses, camels and other wildlife in Africa, Asia and South
America [9]. Although T. theileri has been described as a be-
nign parasite of cattle, buffaloes, sheep, goats and antelopes,
T. theileri co-infections with other hemoprotozoan parasites
can worsen the clinical syndrome and cause livestock pro-
duction losses in the affected ruminants [18, 26].

Vietnam is an agriculturally rich country, and many people
are engaged in agricultural and/or livestock farming related
activities. The presence of several hemoprotozoan species
has been noted previously in Vietnamese livestock popula-
tions. However, most of these studies were either based on
microscopic or serological testing [ 13, 24]. Microscopy is not
an effective technique for epidemiological surveys, because
it lacks sensitivity and specificity [7]. In contrast, although
ELISA can be highly sensitive at detecting carrier-stage
animals, it only indicates whether an animal has had previ-
ous exposure to the parasite, rather than identifying those
with active infections. In comparison, well-developed PCR
assays have high sensitivity and specificity for detecting the
species or strain of interest, thus enabling them to identify
current infections in animals [1]. In Vietnam, B. bovis and
B. bigemina infections in cattle have already been demon-
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Table 1. Parasite species-specific PCR primers
Primers sequence (5’ — 3’ i
Parasite Target gene il ( ) Amphcon Reference
Forward Reverse size (bp)
B. bovis Spherical body CTGGAAGTGGATCTCATGCAACC TCACGAGCACTCTACGGCTTTGCAG 1,236 [2]
— Iststep  protein 2
— 2nd step TGAATCTAGGCATATA- AACCCCTCCTAAGGTTGGCTAC 584
AGGCATTTCG
B. bigemina Apical membrane TACTGTGACGAGGACGGATC CCTCAAAAGCAGATTCGAGT 211 [23]
antigen — 1
T annulata  Merozoite- ATGCTGCAAATGAGGAT GGACTGATGAGAAGACGATGAG 768 [17]
piroplasm surface
antigen
T. orientalis Major piroplasm CTTTGCCTAGGATACTTCCT ACGGCAAGTGGTGAGAACT 776 [21]
surface protein
T. evansi Minicircle DNA CAACGACAAAGAGTCAGT ACGTGTTTTGTGTATGGT 373 [4]
T theileri  Cathepsin L-like  CGTCTCTGGCTCCGGTCAAAC TTAAAGCTTCCACGAGTTCTTGATGATC- 289 [22]

protein

CAGTA

strated by PCR [14]. Recently, we have also reported the re-
sults of an epidemiological survey of T. orientalis conducted
among different livestock species using PCR [16]. However,
infections of Babesia, Theileria and Trypanosoma parasites
were not simultaneously investigated in any of these studies.
Therefore, in the present study, we performed a PCR-based
cross-sectional epidemiological survey to detect the various
hemoprotozoan parasites distributed among Vietnamese
cattle and buffalo populations. We also screened sheep and
goat populations to find out whether hemoprotozoan patho-
gens could also infect these host species in Vietnam.

Genetic diversity in hemoprotozoan parasites is considered
a stumbling block for the development of immune control
strategies against them [5]. For example, the merozoite sur-
face antigens (MSASs) in B. bovis were considered as vaccine
candidates [5]. However, the genetic diversity and antigenic
differences observed within MSAs of different isolates sug-
gested that a mixture of antigens from different genotypes
should be used in sub-unit vaccines [2, 5]. Therefore, genetic
diversity of B. bovis MSAs in the endemic countries must be
analyzed to identify the genotypes. Furthermore, as the past
studies on 7. orientalis have indicated that the virulence in
the hemoprotozoan parasites might be genotype-dependent,
investigation on the genetic variations might enable the
researchers to predict the clinical significance of parasites
[10]. Therefore, in the present study, we analyzed the genetic
diversity of the parasites detected in Vietnam.

MATERIALS AND METHODS

Blood samples: This survey was conducted in 2 different
regions, the central and northern parts of Vietnam, namely
Hue (February 2010) [16] and Hanoi (July 2011) provinces,
respectively. While the blood samples were collected from
randomly selected cattle, sheep and goats that were reared in
several integrated farms from both sampling locations [16],
water buffaloes were sampled only in Hue province. All the
animals surveyed in the present study were clinically nor-

mal. Approximately 2 m/ of whole blood was collected from
each animal into a Vacutainer tube containing anti-coagulant
(EDTA) (NIPRO, Osaka, Japan) and then stored at —20°C.

DNA extraction: DNA was extracted from each blood
sample as described previously [23]. Briefly, a QIAamp
DNA Blood Mini Kit (Qiagen, Hilden, Germany) was em-
ployed to extract DNA from 200 u!/ of each blood sample.
After measuring their concentrations, the DNA samples
were stored at —20°C.

Polymerase chain reaction (PCR): The target genes for
the PCR assays and the sequences of the primers used in
the present study are listed in Table 1. Previously described,
parasite-specific, single-step PCR assays were employed to
detect B. bigemina, T. annulata, T. orientalis, T. evansi and
T. theileri[4, 17,21-23], while a nested PCR assay was used
for B. bovis [2]. The B. bovis- and T. orientalis-specific PCR
assays were performed according to previously described
methods [2, 21]. However, PCR assays for detection of B.
bigemina, T. annulata, T. evansi and T. theileri were con-
ducted with minor modifications. Briefly, 1 u/ of each DNA
sample was added to a 9 u/ reaction mixture that consisted
of 200 uM dNTPs (Applied Biosystems, Branchburg, NJ,
U.S.A)), 1 ul 10 x buffer (Applied Biosystems), 0.5 M for-
ward and reverse primers, 0.5 unit of Taq polymerase (Ap-
plied Biosystems) and double distilled water; PCR cycling
conditions were as described previously [4, 17, 22, 23]. For
the B. bigemina-, T. annulata-, T. evansi- and T. theileri-
specific PCR assays, the number of amplification cycles was
increased to 45.

Cloning and sequencing: Amplicons with high band in-
tensities from each species were cloned and sequenced, as
described previously [28]. In addition, full-length merozoite
surface antigen-2b (MSA-2b) gene sequences were ampli-
fied from the DNA samples, which were B. bovis-positive
by the above PCR screening assay, using a pair of forward
(5'-ATGATCGGGAAAATCTTCTTGTTAA-3') and reverse
(5'-TTAAAATGCAGAGAGAACGAAGTAGC-3') prim-
ers. The composition of the reaction mixture and cycling
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Table 2. Blood sample collection and PCR detection of various hemoprotozoan parasites from Hue and Hanoi,
Vietnam
Animal . PCR detection of parasite DNA (%)
Location  Sample N.
type B. bovis  B. bigemina T. annulata T orientalis T evansi T theileri
Hue 96 15 (15.6) 5(5.2) 0 ND 0 10 (10.4)
Cattle Hanoi 106 3(2.8) 2(1.9) 0 1(0.9) 0 0
(Total) 202 18 (8.9) 7(3.5) 0 0 10 (5.0)
Buffalo® Hue 43 4 (9.3) 0 0 ND 0 0
Hue 21 0 0 0 ND 0 0
Sheep Hanoi 30 0 0 0 0 0 0
(Total) 51 0 0 0 0 0
Hue 21 0 0 0 ND 0 0
Goat Hanoi 106 0 1(0.9) 0 0 0 0
(Total) 127 0 1(0.8) 0 0 0

ND: Not done in this study. a) Water buffaloes were sampled only in the Hue region.

conditions of the PCR assay to amplify MSA4-2b were similar
to those of the B. bigemina-specific screening PCR, except
that the annealing temperature was lowered to 52°C.

For each PCR amplicon, a single sequence was deter-
mined as previously described [2]. Briefly, PCR products
were extracted from agarose gels (Alquick Gel Extraction
Kit, Qiagen), ligated to a plasmid vector (pCR2.1-TOPO,
Invitrogen, Carlsbad, CA, U.S.A.), transferred to Esch-
erichia coli competent cells (TOP 10, Invitrogen) and then
cultured in LB broth (Invitrogen). Thereafter, plasmids were
extracted (QIAprep Spin Miniprep kit, Qiagen) from the
cultures, and the nucleotide sequences of the inserts were
determined using an ABI PRISM 3100 genetic analyzer (Ap-
plied Biosystems).

Sequence identity estimates and phylogenetic analyses:
After initial analyses using GENTYX 7.0 software (GEN-
TYX, Tokyo, Japan) and the Basic Local Alignment Search
Tool (BLAST) (http://blast.ncbi.nlm.nih.gov/Blast.cgi), the
sequence identity values among the gene sequences deter-
mined in the present study and those already published in
GenBank were calculated using the EMBOSS-needle online
program  (http://emboss.bioinformatics.nl/cgi-bin/emboss/
needle).

The sequences determined in the present study were phy-
logenetically analyzed, together with those available in Gen-
Bank. The previously described MAFFT software program
was used to construct the phylogenetic trees [15].

RESULTS

PCR detection of hemoprotozoan parasites: B. bovis,
B. bigemina, T. orientalis and T. theileri were all detected
among the animals surveyed in Vietnam (Table 2). B. bovis
was the most common blood parasite in cattle (8.9%), and
Hue province had a higher percentage of B. bovis-positive
cattle (15.6%) than Hanoi province (2.8%). In addition, B.
bigemina was identified in 3.5% of the cattle, while 5% of
the cattle had T. theileri. In the present study, only the ani-
mals from Hanoi were surveyed for 7. orientalis, because we
have previously reported on the prevalence of this pathogen

in Hue province [16]. In Hanoi, a single DNA sample from
the cattle was positive for T. orientalis (0.9%). In water buf-
faloes, B. bovis was the only parasite detected in the present
study (9.3%) (Table 2). While all the sheep samples were
parasite-negative, a single goat bred in Hanoi was positive
for B. bigemina. In addition, while 8 cattle bred in the Hue
province were infected with more than one parasite, none of
the animals surveyed in Hanoi was infected with multiple
parasites (data not shown). Among the 8 cattle that had
mixed infections, one animal was infected with 3 parasite
species (B. bovis, T. orientalis [16] and T. theileri), while the
remaining had duel infections.

Sequencing and phylogenetic analyses: Sequence analy-
ses confirmed that the PCR assays were specific for the
target protozoan species. In the present study, 9 (AB742543
— AB742551), 5 (AB742552 — AB742556), 1 (AB742557),
5 (AB742558 —AB742562) and 5 (AB786920 — AB786924)
sequences were successfully determined for B. bovis spheri-
cal body 2 (SBP-2), B. bigemina apical membrane antigen
1 (AMA-1), T. orientalis major piroplasm surface protein
(MPSP), T. theileri cathepsin L-like protein (CATL) and B.
bovis MSA-2b genes, respectively. While a single SBP-2
(AB742548) and MSA-2b (AB786923) gene sequences were
derived from buffalo DNA samples, an AMA-1(AB742556)
sequence was isolated from a goat. All of the remaining
sequences were determined using DNA samples of infected
cattle blood.

B. bovis SBP-2 gene sequences (AB742549, AB742550
and AB742551) amplified from the Hanoi samples were clos-
est to those from Thailand (JN974305) with sequence identi-
ties 0£95.0-95.9%. Out of 6 SBP-2 sequences determined for
the Hue samples, 2 (AB742546 and AB742548) were closest
to those from Thailand (JN974305) (95.4% identity), but
others (AB742543, AB742544, AB742545 and AB742547)
had higher sequence identities to the American (T2Bo strain)
gene sequences (XM 001611639 and XM_001611732)
(94.0-97.8%) than those from Thailand (88.2-92.7%). In the
B. bovis-MSA-2b-based phylogram (Fig. 1), which divided
the gene sequences into 10 clades (designated as 1-10), the
Vietnamese sequences (n=5) (AB786920 — AB786924) were
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Fig. 1. Phylogenetic analysis of B. bovis-MSA-2b gene sequences.
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Sequences generated in the present study (n=5) are indicated by

boldface-type letters. Note that the Vietnamese sequences fall into four different clades.

observed in 4 different clades (1, 3, 7 and 8). In particular,
clade 3, which is closest to the Australian clades (4 and 5),
was formed by Vietnamese MSA-2b sequences (AB786920
and AB786923) only. Two other Vietnamese sequences
(AB786922 and AB786921) also clustered together with the
Australian sequences (clades 1 and 7, respectively), while
another Vietnamese sequence (AB786924) appears with the
Mexican isolates in clade 8.

A T. orientalis MPSP gene sequence (AB742557) deter-
mined in the present study was closer to sequences from
Brazil (AB581616), Mongolia (AB571919) and Thailand
(AB562534) (99.1% identity) and was classified as MPSP-
type 3 in the phylogenetic analysis (data not shown).

The B. bigemina AMA-1 gene sequences from cattle and
goats in Hanoi (AB742555 and AB742556) were identical to
each other and to those from Sri Lanka (AB690862), Turkey
(JN572801), Argentina (AB481200) and Italy (HM543729),
while the AMA-1 sequences from Hue province (AB742552,
AB742553 and AB742554) shared 98.6-99.1% identity with
each other and 99.1-99.5% with the above named sequences
from other countries (Fig. 2). B. bigemina AMA-1 sequences,
which are relatively conserved among different isolates,
were dispersed across 2 different clades (designated as 1
and 2) in the phylogenetic tree (Fig. 2). All the Vietnamese
AMA-1 gene sequences, including that from a goat, were
found in clade 2.
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Fig. 2. Phylogenetic analysis of B. bigemina-AMA-1 gene sequences. Sequences generated in the present study (n=5) are indicated by
boldface-type letters. Note that all the Vietnamese sequences are in clade 2.

Two T. theileri CATL gene sequences (AB742558 and
AB742562) shared high sequence identities (99.6 and
98.2%, respectively) with their Brazilian counterparts
(GU299367 and GU299405, respectively), while 2 other
sequences (AB742560 and AB742561) were identical to se-
quences from the United States (GU299391 and GU299392)
and Philippines (JX860299) (Fig. 3). In addition, a CATL
sequence from the Philippines (JX860299) shared high
sequence identity (97.8%) with a Vietnamese sequence
(AB742558). Based on a previously described classification
method for the phylogenetic positions of 7. theileri-CATL
gene sequences [ 12], the gene sequences can be grouped into
2 major clades, Tthl and Tthll, which can be further divided
into several sub-clades (Fig. 3). In the present study, the
CATL sequences from Vietnam were found in three different

sub-clades. Within the major clade Tthl, 2 Vietnamese se-
quences (AB742560 and AB742561) clustered together with
sequences from the United States and the Philippines to form
TthIB, while 2 other Vietnamese sequences (AB742559 and
AB742562) together with a Philippine sequence (JX860298)
formed a new sub-clade, which was named TthID in the
present study. Within Tthll, a single Vietnamese sequence
(AB742558) was observed in the TthIIB sub-clade together
with those from Brazil (GU299371 and GU299367).

DISCUSSION
Our findings show that the Vietnamese cattle populations

investigated here were infected with B. bovis, B. bigemina,
T. orientalis or T. theileri. Detection of B. bovis as the most
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into three different sub-clades. Because the two Cameroon sequences

(HQ664748 and HQ664750) were found in previously described Thailla [12], this sub-clade has been renamed TthIID in the present

study.

common bovine hemoprotozoan species identified in the
cattle is an important finding, because this parasite is often
fatal to cattle [6]. While the prevalence of B. bovis in Ha-
noi (2.8%) was slightly lower than that previously reported
(4.2%) [14], the combined prevalence in the 2 regions was
higher (8.9%) than that estimated in earlier surveys (1.5—
4.2%) [13, 14]. Because SBP-2 is a relatively conserved
multi-copy gene, it is unlikely to become a good marker for
phylogenetic analysis. Therefore, in addition to SBP-2, we
used MSA-2b to analyze genetic variation among B. bovis
isolates in Vietnam. The findings have shown that MSA-2b
gene sequences among B. bovis in Vietnam are genetically
diverse. Therefore, the possible immune control strategies
against B. bovis in Vietnam must be designed in light of the
genetic diversity of this parasite.

Although B. bigemina is less pathogenic to cattle than B.
bovis, babesiosis caused by B. bigemina can also be fatal if
not properly treated [8]. In addition to B. bigemina infec-

tions in cattle, this species was also detected in a goat in
the present study. To our knowledge, this is the first report
on the infection of B. bigemina in goats. In contrast to B.
bovis-MSA-2b (Fig. 1), B. bigemina-AMA-1 sequences from
Vietnam were observed in a single clade, suggesting that
these gene sequences are highly conserved in the Vietnam-
ese isolates (Fig. 2). However, additional genes should be
identified and developed for use as markers to obtain a better
picture of genetic diversity in B. bigemina populations.

In the present study, a single 7. orientalis-positive sample
was detected in a cattle population from Hanoi. However,
when all the Hue samples used in the present study were
tested for 7. orientalis in a recent investigation, 13 (13.8%),
11 (25.6%) and 1 (4.8%) samples were positive for this para-
site among cattle, water buffaloes and sheep, respectively
[16]. While the sequence obtained in the present study can
be classified as MPSP-type 3, seven different genotypes, 1,
3,5,7,N1, N2 and N3 of T. orientalis were detected in the
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previous investigation [16]. Further studies using 7. orien-
talis outbreak isolates might shed additional light on the
clinical relevance of different genotypes in Vietnam.

T. theileri co-infections with other bovine blood patho-
gens or where the animals are malnourished or under stress
sometimes make them more susceptible to illness, which can
lead to economic losses in cattle-farming operations [18, 26].
In the present study, 7. theileri was associated with coinfec-
tions in 4 of 8 cattle that had mixed infections. Therefore,
the presence of this parasite in Vietnam might be of clinical
significance. T. theileri-CATL sequences from Vietnam were
observed in three different clusters in the phylogram (Fig. 3),
suggesting that 7. theileri in Vietnam is genetically diverse.
The future studies must focus on the functional relevance
of the genetic diversity in T. theileri, because it is not very
clear whether the genetic variations within this parasite are
related to any differences in antigenicity or virulence among
isolates.

Hemoprotozoan parasites were more commonly detected
in Hue than Hanoi. Large herds of animals are reared under
an extensive system in Hue, while animals in the Hanoi area
are maintained by an intensive system, under which vec-
tor control methods are regularly practiced. Therefore, the
animals in Hue province might have been more frequently
exposed to parasite-infected vectors than those in Hanoi.
Additionally, differences in the distribution of the transmis-
sion vectors in the study areas could also account for the
differences observed.

This is the first study in which Babesia, Theileria and
Trypanosoma parasites were simultaneously surveyed by
PCR in Vietnam. The findings suggest that hemoprotozoan
parasites, some of which are genetically diverse, continue to
be a threat to the livestock industry in this country.
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