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Abstract
To reveal the genetic diversity of Babesia microti and Theileria orientalis in Southwest China, we conducted a molecular survey
of piroplasms in hard ticks in a China-Myanmar border county. Host infesting and questing ticks were collected from Tengchong
County in 2013 and 2014. Piroplasm infection in ticks was detected by PCR, and then, phylogenetic analysis was conducted to
study the genetic diversity of the pathogens identified in ticks. All in all, six piroplasm species comprising of B. microti;
B. orientalis; a novel Babesia species designated Babesia sp. Tengchong, China; T. orientalis; T. luwenshuni; and an as yet
undescribed piroplasmid species referred to as Piroplasmid sp. Tengchong, China, have been identified after screening goat- and
cattle-attached ticks. In addition, B. bigemina has been identified by screening questing ticks. Phylogenetic analysis based on the
18S rRNA and partial β-tubulin gene revealed two novel potentially zoonotic genotypes designated B. microti Tengchong-Type
A and B. The T. orientalis genotypes identified in the present study represent the seven known genotypes 1–5, 7, and N3 as
revealed by phylogenetic analysis of 18S rRNA and MPSP genes. Importantly, an additional genotype designated N4 has also
been identified in this study, which brings the number of recognized T. orientalis genotypes to a total of twelve. Thus, besides the
two novel species, Babesia sp. Tengchong, China, closely related to Babesia species isolated from yak and Piroplasmid sp.
Tengchong, China, our study demonstrates that additional novel B. microti and T. orientalis genotypes exist in Southwest China.
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Introduction

As hematophagous ectoparasites, hard ticks (Acari: Ixodidae)
can infest almost all vertebrates except fish and are able to
transmit a wide range of pathogens, including bacteria, virus-
es, and parasites (Mansfield et al. 2017, Rehman et al. 2018).
Therefore, ticks are considered one of the most important
vectors of human and animal pathogens globally (Jongejan
and Uilenberg 2004, Zhou et al. 2016). Babesia and
Theileria, both belonging to Piroplasmida, are among the
most widely distributed and economically important tick-
borne, intraerythrocytic hemoparasites of wild and domestic
mammals (Schnittger et al. 2012). Babesia is the second most
commonly found hemoparasites of mammals after trypano-
somes (Homer et al. 2000). Their infections of mammals are
associated with mortalities, abortions, and decreased meat or
milk production. Additionally, human babesiosis is also an
increasing public health concern. Theileria parasites are im-
portant pathogens responsible for serious economic losses in
the livestock industry worldwide. They can cause diseases
with varying degrees of severity in various domestic and wild
ruminants (Mans et al. 2015).

Several species of Babesia, including B. microti,
B. venatorum, and B. divergens, can accidently infect humans
and cause babesiosis. B. microti is the most common agent of
human babesiosis (Moritz et al. 2016). In healthy people, in-
fection with B. microti is usually asymptomatic. However,
babesiosis can be fatal to immunocompromised persons. In
recent years, the reported number of human babesiosis cases
has increased substantially, and human babesiosis is consid-
ered to be a significant threat to public health worldwide
(Chen et al. 2019). Originally three clades of B. microti
(Clades 1 to 3) have been reported by Goethert and Telford
(2003) based on phylogenetic analysis of the 18S rRNA or β-
tubulin genes, and the same clade designation has been also
used by Zhou et al. (2014). However, later it has been shown
that Clade 2 (Goethert and Telford 2003, Zhou et al. 2014)
exclusively comprises of Babesia sp. infecting carnivores
(Baneth et al. 2015, 2019) that are now referred to as
B. vulpes-group or Clade Ib (Jalovecka et al. 2019). Later
phylogenetic studies showed that Clade 1 and 3 (Goethert
and Telford 2003) represent a single large clade of Babesia
sp. infecting rodents, humans, and macaque and that are cur-
rently referred to as B. microti-group or Clade Ia (Schnittger
et al. 2012, Jalovecka et al. 2019, Baneth et al. 2015, 2019). In
this later group, at least six different clades have been identi-
fied which are referred to as US-, Kobe-, Hobetsu- (or Otsu-),
Munich-type, and Babesia sp. 1 and 2 that infect macaques
(Baneth et al. 2015, Gao et al. 2017). Recently, human
infections of B. microti have been increasingly reported in
China, from the northern (e.g., Heilongjiang Province) to the
southern area (including Zhejiang, Yunnan, Guangxi, and
Taiwan Provinces) (Bloch et al. 2018, Chen et al. 2019). The

infection routes of these human cases have not been
well studied. However, most infections were possibly
transmitted through tick bites, but blood transfusion cannot
be excluded (Chen et al. 2019). As to now, little is known
about the genetic diversity of B. microti in ticks from
southwest China.

T. orientalis is a common agent of bovine and ovine
theileriosis. This parasite is widely distributed in many Asia-
Pacific countries (Bawm et al. 2014). Infection with
T. orientalis often causes fever, anemia, and anorexia, thus
reducing the productivity of domestic animals (Ota et al.
2009). The major piroplasm surface protein (MPSP) gene
has been widely used for studying the genetic diversity of
T. orientalis. To date, T. orientalis has been classified into 11
non-overlapping groups based on the MPSP gene, referred to
as types 1–8 and N1-N3 (Sivakumar et al. 2014). T. orientalis
infections in bovines have been reported in at least 19 prov-
inces or municipalities of China, including Jilin, Liaoning,
Tibet, Xinjiang, Inner Mongolia, Qinghai, Gansu, Guizhou,
Sichuan, Shaanxi, Hebei, Jiangsu, Hubei, Hunan, Yunnan,
Guangxi, Hainan, Fujian, and Chongqing (Qi et al. 2018,
Qin et al. 2016, Wang et al. 2018). Only a limited number of
studies have investigated the genetic diversity of T. orientalis
in bovines in China. For example, a recent study showed that
Types 1–5, 7, N1, and N2 existed in cattle from six provinces
(Inner Mongolia, Qinhai, Shaanxi, Shandong, Hainan, Fujian)
and Chongqing Municipality (Wang et al. 2018); another
study detected Types 1, 2, 5 in dairy cattle from Xinjiang
Province (Qi et al. 2018). Additional studies are required to
assess the diversity and distribution of T. orientalis genotypes
in ticks in China.

Tengchong is a China-Myanmar border county in
Southwest China which is considered to be one of the epidem-
ic foci of tick-borne diseases. In addition, several cases of
human babesiosis have been reported in this area in recent
years (Li et al. 2018, Zhou et al. 2013). Therefore, we con-
ducted a molecular survey of piroplasms in hard ticks in
Tengchong County, with a focus on the genetic diversity of
B. microti and T. orientalis in this area.

Materials and methods

Tick collection and DNA extraction

The infesting and questing ticks used for the present study
were collected from Tengchong County from May to
June 2013 and September to October 2014. The procedures
for tick collection were described previously (Li et al. 2018).
In brief, infesting ticks were collected from the body surface
of domestic animals, including cattle, goats, and dogs, and
questing ticks were collected with a white drag cloth from
the grazing locations. All tick specimens were preserved in
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75% ethanol for subsequent processing. Before DNA extrac-
tion, each tick was washed three times with 75% ethanol for
1 min by vortexing and then rinsed three times with sterile
phosphate-buffered saline (PBS). The DNA of the ticks was
extracted using the DNeasy Blood & Tissue Kit (Qiagen,
Hilden, Germany) following the manufacturer’s protocol.

Molecular detection of piroplasms in ticks

All DNA samples were first screened by nested PCR using a
set of universal primers targeting the 18S rRNA gene frag-
ment (Bab5 and Bab8 for the first round and Bab6 and Bab7
for the second) of most Babesia and Theileria species, includ-
ing B. microti and T. orientalis (Kim et al. 2007). Samples
with approximately 400-bp PCR products were considered
positive. The positive PCR products were then purified and
sequenced by Sangon Biotech (Shanghai, China). Each se-
quence was searched in GenBank using Nucleotide BLAST
on the NCBI website (https://blast.ncbi.nlm.nih.gov/Blast.
cgi).

All the samples with the highest identity to piroplasms
were further amplified by nested PCR using two primer sets
targeting the nearly full length of the 18S rRNA gene of piro-
plasms (Piro0F and Piro6R for the first round and Piro1F and
Piro5.5R for the second) (Zhuang et al. 2018). Meanwhile, for
samples with the highest identity to B. microti, nested PCR
was further used to amplify the β-tubulin genes (BmTubu93F
and BmTubu897R for the first round and BmTubu192F and
BmTubu783R for the second round) (Zamoto-Niikura et al.
2012); for samples with the highest identity to T. orientalis,
the MPSP genes were amplified using the primers MPSP-F
and MPSP-R (Wang et al. 2018). All PCR products were
purified, sequenced, and searched in NCBI GenBank as de-
scribed above (additional data are given in electronic supple-
mentary material (ESM) 1).

The primer sets used in the present study are shown in
Table 1. The PCRs were conducted in a C1000 Touch™
Thermal Cycler (Bio-Rad Laboratories Incorporated,
California, USA). Each 25 μl PCR mixture contained
12.5 μl of 2× PCR Master Mix (DBI Bioscience, Shanghai,
China), 9.5 μl of water, 0.5 μl of each primer (10 mM), and
2 μl of DNA template. The PCR conditions were as follows:
95 °C for 3 min, followed by 35 cycles of 95 °C for 30 s, 57 °C
for 30 s, and 72 °C for 40 s (for the primer set Piro0F–Piro6R,
the extension time was 90 s), ending at 72 °C for 10 min.

Phylogenetic analysis of piroplasms in ticks

All sequences from the present study were first subjected to
blast analysis on the NCBI website (https://blast.ncbi.nlm.nih.
gov/Blast.cgi) after trimming the low-quality sequences at
both ends. Then, representative nucleotide sequences of β-
tubulin gene of B. microti and MPSP gene of T. orientalis

were downloaded from GenBank for phylogenetic analysis.
Meanwhile, 18S rRNA gene sequences of the detected organ-
isms were also obtained from GenBank for phylogenetic
analysis.

The sequences were aligned using ClustalW program in the
Mega 5.1 software (Kumar et al. 1994). After eliminating all
positions containing gaps and missing data, “Find best Model
search” program was performed in the Mega 5.1 software.
The model with the lowest Bayesian information criterion
(BIC) score was considered to identify the most appropriate
substitution pattern resulting in the selection of the Tamura-3
parameter model for phylogenetic analysis (Nei and Kumar
2000). Phylogenetic trees were then constructed based on the
neighbor-joining (NJ) method, and 1000 bootstrap replicates
using the Mega 5.1 software. Molecular classifications of the
pathogens detected in ticks were determined by the results of
phylogenetic analysis based on the 18S rRNA, β-tubulin, or
MPSP genes.

Results

Molecular detection of piroplasms in ticks

A total of 930 infesting (502 from goats, 412 from cattle, and
16 from dogs) and 558 questing ticks of several species were
co l l ec t ed , i nc lud ing Rhip i cepha lus microp lus ,
R. haemaphysaloides, Ixodes ovatus, Haemaphysalis
longicornis, and two unclassified Haemaphysalis species
(Table 2). Ninety-one tick samples were positive for piroplasm
according to the results of screening using the primer sets
Bab5–Bab8. Seven species of piroplasm were identified, in-
cluding four Babesia species (B. microti, B. bigemina,
B. orientalis, and a novel Babesia sp. Tengchong, China),
two Theileria species (T. orientalis and T. luwenshuni), and
a previously unrecognized species referred to as Piroplasmid
sp. Tengchong, China, of which it could not be determined
whether it belongs to the Babesia or Theileria lineage
(Table 2). T. orientalis was the most common hemoparasite
in the tick samples (67 of the 91 positive samples), followed
by B. microti (12 of the 91 positive samples).

As shown in Table 2, except for B. bigemina detected in
questing ticks of the species R. microplus, all other piroplasms
were detected in infesting ticks including the species
R. microplus, I. ovatus, H. longicornis, and Haemophysalis
sp. 1, but never in the tick species R. haemaphysaloides. All
B. microti and Babesia sp. Tengchong, China, isolates were
detected in goat-infesting I. ovatus; T. luwenshuni was detect-
ed in I. ovatus and R. microplus infesting goats. T. orientalis
was found in ticks of R. microplus infesting goats and cattle
and H. longicornis infesting goats, whereas B. orientalis was
identified in R. microplus infesting cattle. The novel
Piroplasmid sp. Tengchong, China, has been isolated from
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Haemaphysalis sp. 1 ticks infesting goats. All ticks positive
for B. microti, Babesia sp. Tengchong, China, or
T. luwenshuni were obtained from goats, while ticks positive
for T. orientalis were obtained from goats or cattle. On the
other hand, B. orientalis has been only identified in cattle.

Phylogenetic analysis of Babesia in ticks

Nearly full-length 18S rRNA genes and partial sequences of β-
tubulin genes were obtained from all 12 B. microti-positive
samples. All B. microti isolates from the present study clustered

Table 1 Primers used for PCR amplification in the present study

Organism Gene Primer Sequence (5′ to 3′) Reference

Piroplasm 18S rRNA Bab 5 AATTACCCAATCCTGACACAGG (Kim et al. 2007)

Bab 8 TTTCGCAGTAGTTCGTCTTTAACA

Bab 6 GACACAGGGAGGTAGTGACAAGA

Bab 7 CCCAACTGCTCCTATTAACCATTAC

Piroplasm 18S rRNA Piro0F GCCAGTAGTCATATGCTTGTGTTA (Zhuang et al. 2018)

Piro6R CTCCTTCCTYTAAGTGATAAGGTTCAC

Piro1F CCATGCATGTCTWAGTAYAARCTTTTA

Piro5.5R CCTYTAAGTGATAAGGTTCACAAAAC
TT

B. microti β-tubulin BmTubu93F GAYAGYCCCTTRCAACTAGAAAGAGC (Zamoto-Niikura et al. 2012)

BmTubu897R CGRTCGAACATTTGTTGHGTCARTTC

BmTubu192F ACHATGGATTCTGTTAGATCYGGC

BmTubu782R GGGAADGGDATRAGATTCACAGC

T. orientalis MPSP gene MPSP-F CTTTGCCTAGGATACTTCCT (Wang et al. 2018)

MPSP-R ACGGCAAGTGGTGAGAACT

Table 2 Parasitic pathogens identified in different tick species from Tengchong County

Ticks No. B. microti B. bigemina Babesia sp.
Tengchong

B. orientalis T. orientalis T. luwenshuni Piroplasmid sp.
Tengchong

Infesting ticks and hosts

R. microplus

Goats 258 6 4

Cattle 394 1 53

R. haemaphysaloides

Goats 2

Cattle 18

Dogs 16

I. ovatus

Goats 186 12 1 2

H. longicornis

Goats 29 8

Haemaphysalis sp.-1

Goats 27 2

Questing ticks

R. microplus 459 2

H. longicornis 62

I. ovatus 1

Haemaphysalis sp.-1 32

Haemaphysalis sp.-2 4

Total 1488 12 2 1 1 67 6 2
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into the B. microti-group Clade Ia (Jalovecka et al. 2019) based
on phylogenetic analysis of both the 18S rRNA (Fig. 1) and β-
tubulin (Fig. 2) gene sequences (Baneth et al. 2015). Within the
B. microti-group, the 18S rRNA and β-tubulin gene of
B. microti isolates formed two corresponding separate novel
clusters, and the respective isolates were designated B. microti

Tengchong-type A and type B. Interestingly, these two
B. microti isolates would be the first identified in goats.

In addition, two B. bigemina, one B. orientalis, and a novel
Babesia sp. Tengchong, China, isolates were identified from
ticks in this study as based on the phylogenetic analysis of
nearly full-length sequences of the 18S rRNA gene (Fig. 3).

Fig. 1 Neighbor joining phylogenetic tree of the 18S rRNA gene of
Babesia microti isolates. Sequences obtained in this study are indicated
by an asterisk. The isolate designation, tick species, and host are given
after the accession number. The bootstrap values determined by 1000
replicates are shown next to the branches. A B. rodhaini 18S rRNA

gene sequence is included as the outgroup. The analysis involved 48
nucleotide sequences from which all positions containing gaps and
missing data were eliminated resulting in a total of 1179 positions in the
final dataset. The scale-bar shows the evolutionary distance in the units of
the number of nucleotide substitutions per site

Parasitol Res (2020) 119:1259–1269 1263



Fig. 2 Neighbor joining phylogenetic tree of β-tubulin gene of Babesia
microti isolates. Sequences obtained in this study are indicated by an
asterisk. The isolate designation is given after the accession number.
The bootstrap values determined by 1000 replicates are shown next to
the branches. A β-tubulin gene sequence of B. rodhaini is included as the

outgroup. The analysis involved 30 nucleotide sequences from which all
positions containing gaps and missing data were eliminated resulting in a
total of 522 positions in the final dataset. The scale-bar shows the evolu-
tionary distance in the units of the number of nucleotide substitutions per
site

Fig. 3 Neighbor joining phylogenetic tree of 18S rRNA gene of Babesia
sensu stricto parasites (Schnittger et al. 2012). Sequences obtained in this
study are indicated by an asterisk. The isolate designation, tick species,
and host are given after the accession number. The bootstrap values de-
termined by 1000 replicates are shown next to the branches. A Theileria

equi 18S rRNA gene sequence is included as the outgroup. The analysis
involved 20 nucleotide sequences from which all positions containing
gaps and missing data were eliminated resulting in a total of 1414 posi-
tions in the final dataset. The scale-bar shows the evolutionary distance in
the units of the number of nucleotide substitutions per site

Parasitol Res (2020) 119:1259–12691264



Blast analysis showed that the sequence of Babesia sp.
Tengchong, China, (MH208615) got the best hit with
KX870104 (Babesia sp. isolated from yak, identity of
98.58%), and both formed a sister clade to the clade compris-
ing B. venatorum and B. divergens (Fig. 3).

Phylogenetic analysis of Theileria in ticks

Nearly full-length sequences of 18S rRNA gene were obtain-
ed from 12 of the 67 T. orientalis-positive samples, while
partial MPSP sequences were recovered from 60 samples.
Phylogenetic analysis based on the 18S rRNA gene and
MPSP gene revealed that T. orientalis belonged to 7 known
genotypes, namely, Types 1–5, 7, and N3 (Figs. 4 and 5). In
addition, four MPSP sequences from this study and two se-
quences from other areas of China (MH180272 and
MG664540) formed the new genotype T. orientalis Type N4.

Nearly full-length sequences of the 18S rRNA gene were
obtained from all 6 T. luwenshuni-positive samples and from
two novel isolates designated Piroplasmid sp. Tengchong,
China. Phylogenetic analysis showed that all sequences of
T. luwenshuni clustered together (Fig. 5). Sequences of
Piroplasmid sp. Tengchong, China, got the best hit with
AB188086 (Piroplasmida sp. OtsuMNR, identity of 98.95%)
by BLAST, and they formed a separate clade to T. bicornis.

Discussion

In the present study, we conducted a molecular survey of
piroplasms in hard ticks in a China-Myanmar border county.
Seven species of piroplasm were identified, including four
Babesia species, two Theileria species, and one yet unrecog-
nized piroplasmid species.

Babesia protozoa is the second most common parasite of
mammals after trypanosomes, and more than 100 species of
Babesia have been described so far (Antunes et al. 2017).
B. microti is the most frequent pathogen of human babesiosis
in China (Vannier and Krause 2015). I. persulcatus is reported
to be the most important vector of B. microti in northeastern
China (Zhou et al. 2014). However, potential vectors of this
parasite in other regions of this country have not been thor-
oughly investigated (Li et al. 2016). Studies in Japan showed
that I. ovatus ticks were also important vectors of B. microti
(Saito-Ito et al. 2004, Zamoto-Niikura et al. 2018, Zamoto-
Niikura et al. 2012). All isolates of B. microti in this study
detected in I. ovatus ticks infested goats. However, it has been
reported that goats are not suitable hosts for this parasite (Wu
et al. 2017). Therefore, it may be assumed that the finding of
B. microti in these ticks might be a result of previous ingestion
of blood of infected small rodents, which are recognized ani-
mal reservoirs of B. microti (Vannier and Krause 2012).

Notwithstanding, our results suggest that I. ovatus ticks are
possible vectors of B. microti in southwest China.

Exclusively isolates segregating into the B. microti-group
(Clade Ia, Jalovecka et al. 2019) have been found to infect
humans. Of the six clusters within this group, B. microti
strains infecting humans place exclusively into the US-,
Kobe-, Hobetsu- (or Otsu-), and Munich-type clusters
(Baneth et al. 2015, Gao et al. 2017, Schnittger et al. 2012).
Importantly, neither the B. microti Tengchong-type A nor the
Tengchong type B variant segregated in previously reported
clusters (Schnittger et al. 2012; Baneth et al. 2015). Instead, all
the B. microti isolates identified during this study form two
additional separate groups within the B. microti-group (Clade
Ia) as supported by 18S rRNA and β -tubulin gene sequence
analysis (Figs. 1 and 2). Thus, at least two novel genotypes of
B. microti exist in the study area. However, other reservoirs of
these B. microti variants besides I. ovata and possibly goats
are yet unknown and remain to be further elucidated.

T. orientalis is a common causative pathogen of bovine and
ovine theileriosis (Wang et al. 2018). Correspondingly,
T. orientalis parasites were detected in H. longicornis ticks
or R. microplus ticks feeding on cattle or goats in our study.
Up to date, 11 genotypes of T. orientalis (Types 1–8, and N1-
N3) have been identified based on phylogenetic analysis of
the MPSP sequences (Kamau et al. 2011, Sivakumar et al.
2014). Among known genotypes, at least eight have been
reported in China, including Types 1–5, 7, N1, and N2
(Wang et al. 2018). In this study, seven of the known geno-
types 1–5, 7, and N3 could be identified. In addition, a novel
previously unknown genotype of T. orientalis designated type
N4 has been identified (Fig. 4). Additional investigations will
be necessary to elucidate the association of this novel geno-
type with disease.

There are several limitations to our study. First, except of
two B. bigemina isolates, all of the identified hemoparasites
originated from infesting ticks. Our study does therefore not
allow reporting on the distribution and prevalence of
piroplasmid species in the host or tick species. Second, the
primer sets (Bab5–Bab8) used for piroplasm screening in the
present study are not universal to all Babesia and Theileria
species. For example, Bab5–Bab8 primers anneal to the
Babesia Clade I (containing B. microti-group, B. vulpes-
group, B. rodhaini, and B. felis-group; Schnittger et al. 2012,

�Fig. 4 Neighbor joining phylogenetic tree of the major piroplasm surface
protein (MPSP) gene of Theileria orientalis. Sequences obtained in this
study are indicated by an asterisk. The isolate designation, tick species,
and host are given after the accession number. The bootstrap values de-
termined by 1000 replicates are shown next to the branches. AT. annulata
18S rRNA gene sequence is included as the outgroup. The analysis in-
volved 52 nucleotide sequences from which all positions containing gaps
and missing data were eliminated resulting in a total of 551 positions in
the final dataset. The scale-bar shows the evolutionary distance in the
units of the number of nucleotide substitutions per site
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Jalovecka et al. 2019) and to most Theileria sp. However,
inner primers Bab6 and Bab7 mismatch to Theileria species
pertaining to Clade IV (including B. bicornis and T. equi,
Schnittger et al. 2012). Thus this primer sets miss to amplify
a considerable number of species. However, our study con-
firms that the species B. bigemina, B. orientalis, T. luwnshuni,
the novel Babesia sp. Tengchong, China, and Piroplasmid sp.
Tengchong, China, and the novel genetic variants ofB. microti
and T. orientalis are endemic in this area. Our study provides
new insights into invertebrate and vertebrate host specificity,
piroplasm species distribution and novel genotypes of tick-
borne parasitic pathogens in southwest China.
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