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Abstract Hepatozoon spp. are protozoan parasites that
infect a wide range of domestic and wild animals. The
infection occurs by ingestion of an infected tick. This study
was carried out to detect and characterize Hepatozoon spp.
in ticks collected from captive lions (Panthera leo) in
Thailand based on the partial 18S rRNA gene sequence. A
total of 30 ticks were collected and identified as Rhipi-
cephalus sanguineus. The collected ticks were separated
into 10 tick pools by sex and life stages. Of the 10 tick
pools examined, only one (10%) was found to be infected
with the Hepatozoon species. Sequencing and phylogenetic
analysis showed a clustering of the partial 18S rRNA gene
sequence like that of H. felis from the GenBank database.
This is the first report of H. felis in R. sanguineus ticks
collected from captive lions in Thailand. Our results indi-
cated that R. sanguineus may be a possible vector of feline
Hepatozoon in Thailand.
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Introduction

Hepatozoon is a genus of apicomplexan parasites that have
been described in a wide variety of mammals, birds, rep-
tiles and amphibians infected by ingestion of a tick con-
taining mature oocysts (Smith 1996; Baneth et al. 2003).
The infection presents as subclinical symptoms with low
levels of parasitemia or clinical signs such as emaciation,
weight loss, lethargy, fever, anemia and lymphadenopathy
with high parasitemia (Baneth and Weigler 1997; Baneth
et al. 2003). Several tick species can act as potential vec-
tors (Giannelli et al. 2013). The brown dog tick, Rhipi-
cephalus sanguineus, is the main vector of H. canis in
domestic dogs (Baneth et al. 2003).

Studies on Hepatatozoon infections in wild animals,
especially wild canids and felids, have been conducted in
several countries (Averbeck et al. 1990; Metzger et al.
2008; André et al. 2010; Kubo et al. 2010; Salakij et al.
2010; Pawar et al. 2012; Farkas et al. 2014; Hodzic et al.
2015). These studies have reported host species and tick
vectors characterized the parasite species. Molecular
methods such as polymerase chain reaction (PCR) are used
as epidemiology and diagnostic tools for the detection and
identification of the Hepatozoon species (Criado-Fornelio
et al. 2003; Rubini et al. 2005; Li et al. 2008). The 18S
ribosomal RNA (18S rRNA) gene has been widely used as
a marker for detection and genetic characterization of
parasites (Inokuma et al. 2002; Criado-Fornelio et al. 2003;
Metzger et al. 2008; Kubo et al. 2010; Pawar et al. 2012).

In Thailand, although Hepatozoon infections have been
reported in domestic and wild animals and tick vectors
(Jittapalapong et al. 2006; Salakij et al. 2008, 2010;
Sumrandee et al. 2015), no studies have recorded the
presence of Hepatozoon species in ticks collected from
wild felid. Thus, this study was carried out to detect and
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characterize Hepatozoon spp. in ticks collected from cap-
tive lions in Thailand based on the partial 18S rRNA gene
sequence.

Materials and methods
Ethics statement

General permission for sample collection from lions was
obtained from the zoo owner. The lions were treated in
accordance with veterinarians and CCAC (Canadian
Council on Animal Care) guidelines on the care and use of
wildlife.

Tick collection and identification

In September 2015, ticks were directly collected from three
captive lions (n = 3) in a private zoo (the natural habitat in
Africa) in Chonburi Province, Thailand. During the tick
collection, lions were restrained in a squeeze cage without
the use of any anesthetic agents. The ticks were preserved
in 70% alcohol and sent to the Monitoring and Surveillance
Center for Zoonotic Diseases in Wildlife and Exotic Ani-
mals, Faculty of Veterinary Science, Mahidol University
for further analysis. All specimens were identified to the
species level, and development stage and gender were
determined with a stereomicroscope using standard taxo-
nomic keys (Kohls 1957). The ticks were pooled by sex
and life stages ranging from 1 to 5.

DNA extraction and 18S rRNA amplification

Genomic DNA was extracted from individual adult fully
engorged females, pools of adult females, and a pool of adult
males using a QIAamp DNA Mini Kit (QIAGEN, Germany)
according to the manufacturer’s protocol. PCR amplification
of the 18S rRNA gene with a 737-base pair (bp) fragment was
performed using a primer pair consisting of Hep-001F (5'-C
CTGGCTATACATGAGCAAAATCTCAACTT-3') for the
forward primer and Hep-737R (5'-CCAACTGTCCCTAT-
CAATCATTAAAGC-3) for the reverse primer (Kledma-
nee et al. 2009). The PCR cycle was performed ina C1000™
Thermal Cycler (Bio-Rad) with a total reaction volume of
25 pl containing 12.5 pl of QTAGEN Multiplex PCR Master
Mix (QIAGEN, Germany), 10.3 ul of nuclease free water,
0.1 pl of each primer (100 uM), and 2 pl of DNA template.
The PCR cycling conditions were an initial denaturation at
95 °C for 15 min, followed by 35 cycles of 94 °C for 45 s,
65 °C for 45 s, and 72 °C for 90 s, with a final extension at
72 °Cfor 10 min. Amplified PCR products were separated in
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2% agarose gel electrophoresis, and the GeneRuler 100 bp
DNA Ladder (Thermo Scientific) was used as a size marker
to visualize the size of DNA fragments presented in the
samples.

DNA cloning

The pGEM®-T Easy Vector System (Promega) was used
for cloning the PCR product. The PCR product was first
inserted in the vector according to the protocol for ligation.
Then, the created ligation vector was transformed into
E. coli competent cells. The competent cells were cultured
on an LB plate with ampicillin/IPTG/X-Gal. The white
colonies were selected for screening the 737-bp fragment
insertion by PCR. The colony carrying the fragment of
interest was used for LB/ampicillin culture. Next, an E. coli
overnight culture was performed to extract the plasmids
(the ligation vectors) using the QIAprep Spin Miniprep Kit
according to the manufacturer’s protocol.

DNA sequencing and phylogenetic analysis

DNA sequencing of the PCR product was performed by
Solgent Co. Ltd. (Daejeon, South Korea) using an ABI 3730
XL DNA analyzer. The DNA sequence was carried out with
the T7 universal primer. The nucleotide sequence result was
compared with available sequences in the GenBank database
using the Basic Local Alignment Search Tool (BLAST) (
http://blast.ncbi.nlm.nih.gov/Blast.cgi). Multiple alignments
of all relative nucleotide sequences were performed using the
BioEdit tool. Phylogenetic tree of partial 18S rRNA gene
(566 bp) was constructed using neighbor-joining and the
maximum likelihood method with bootstrapping (1000
replications) by MEGA 6 software (Tamura et al. 2013). The
best nucleotide substitution model was a Tamura 3-parameter
(T92). The sequence was compared to published sequences
from the GenBank database under the following accession
numbers: AB771562, AB771545, GQ377217, GQ377218,
HQ829443, HQ829444, HQ829439, HQ829440, HQ829442,
HQ829445, HQ829446, AY620232, AY628681, KC138533,
GQ377216, AY461375, GU376455, AY731062, HQ829437
and EU041718.

Results

A total of 30 ticks, including 20 adult females, 6 engorged
adult females, and 4 adult males were collected from
infested lions. All collected ticks were identified as the
Rhipicephalus sanguineus species. One (10%) out of 10
tick pools was positive for the 18S rRNA gene fragment of
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the Hepatozoon species. This pool came from engorged
adult females. PCR samples from the positive R. san-
guineus ticks were sequenced. The nucleotide sequence
was compared with available sequences in the GenBank
database by BLAST. The result showed high sequence
identity (99%) with the 18S rRNA gene of H. felis isolated
from a leopard cat (Prionailurus bengalensis) in Korea
(GQ377216). Additionally, the nucleotide sequence pre-
sented close identity (98%) to H. felis isolated from Bengal
tigers (Panthera tigris) in India (HQ829445 and
HQ829446), a domestic cat (Felis catus) in Israel
(KC138533), and domestic cats in Spain (AY620232 and
AY628681). Phylogenetic relationships among the Hepa-
tozoon species can be divided into three groups (Fig. 1). H.
felis (KY056823) isolated from ticks in this study was
included in the group with other isolated H. felis; this group
was clearly separated from other Hepatozoon species.

ABT771562/ Leopard cat/ Japan

— HQ829444/ Indian leopard/ India
— GQ377217/ Leopard cat/ Korea
GQ377218/ Leopard cat/ Korea
ABT71545/ Iriomote cat/ Japan
HQ829443/ Indian leopard/ India
HQ829439/ Asiatic lion/ India
HQ829440/ Asiatic lion/ India
HQ829442/ Asiatic lion/ India

94/95

73/86

83/86

84/86 [60377216/ Leopard cat/ Korea
KY056823/ R. sanguineus/ Thailand
8ﬂi HQ829445/ Bengal tiger/ India
HQ829446/ Bengal tiger/ India

Discussion

This study is the first to report on R. sanguineus infected
with the feline Hepatozoon species in Thailand using
molecular diagnostic assay. The results suggest ticks as a
possible vector of H. felis in captive lions in Thailand. Our
results support the recent studies of Aktas (2014) and Maia
et al. (2014), which detected H. felis DNA in R. sanguineus
in Turkey and Portugal, respectively. However, the vectors
of H. felis remain unknown (Lloret et al. 2015). The
specific DNA of the Hepatozoon species in our ticks may
be derived from host blood meal consumed from infected
lions. Unfortunately, our study did not include the collec-
tion of the larval or nymphal stage of this tick. Hence, no
vector potential of this tick was discovered. Further studies
on intrastadial transmission of ticks should be performed to
determine their potential as a vector. Several tick genera

\
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Fig. 1 Phylogenetic analysis of the Hepatozoon partial 18S rRNA
gene sequence. Hepatozoon felis (KY056823) was amplified from R.
sanguineus ticks infested on captive lions in Thailand and analyzed
for comparison with other Hepatozoon spp. from the GenBank

database. The numbers on branches indicate percent bootstrap support
of the neighbor-joining and the maximum likelihood based on 1000
bootstrap replications
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have been reported to infest lions, such as Amblyomma,
Haemaphysalis, Hyalomma, Ixodes and Rhipicephalus
(Horak et al. 2000). In the present study, the infestation of
R. sanguineus on lions is in accordance with previous
research studies (Fyumagwa et al. 2008; Mbaya et al.
2008). In Thailand, R. sanguineus has been reported as
common ectoparasite of domestic dogs (Changbunjong
et al. 2009). However, this tick very seldom feeds on
species other than domestic dogs (Horak et al. 2010).
Besides Hepatozoon, R. sanguineus has also been reported
as an important vector of many pathogens such as Ehrli-
chia canis, Anaplasma platys, Babesia gibsoni, B. canis
vogeli, Leishmania infantum, Mycoplasma haemocanis and
Rickettsia rickettsii (Dantas-Torres and Otranto 2015).

Feline hepatozoonosis caused by H. felis has been
described in domestic cats and wild felids in several coun-
tries (Metzger et al. 2008; Kubo et al. 2010; Pawar et al.
2012; Kelly et al. 2014; Lloret et al. 2015; Tateno et al.
2015). This Hepatozoon has been found to be common in
lions in Africa (Kelly et al. 2014). However, H. felis has
never been found in domestic dogs, cats and also wildlife
hosts in Thailand. Several tick species have been reported to
harbor H. felis, including Haemaphysalis longicornis, H.
hystricis, H. megaspinosa, H. campanulata, Amblyomma
testudinarium and Ixodes tanuki collected from wildcats in
Japan (Tateno et al. 2015) and R. sanguineus collected from
domestic cats in Portugal (Maia et al. 2014). In Thailand, a
Hepatozoon species that is closely related to H. felis was
found in Dermacentor astrosignatus and D. auratus ticks
collected from wild boars (Sumrandee et al. 2015). In the
present study, the prevalence of H. felis in R. sanguineus
ticks was as high as 10% whereas a rate of 0.5% was
reported in Portugal (Maia et al. 2014).

The phylogenetic analysis, neighbor-joining, and the
maximum likelihood method revealed highly similar
results. H. felis (KY056823) was included in the group with
other isolated H. felis. It was found to be closely related to
H. felis isolated from a leopard cat in Korea (Kubo et al.
2010), Bengal tigers in India (Pawar et al. 2012), a
domestic cat in Israel (Baneth et al. 2013), and domestic
cats in Spain (Criado-Fornelio et al. 2006). A group of H.
felis was clearly separated from H. canis isolated in
domestic dogs and wild canids and from H. ursi isolated in
various bears. Our analyses confirm and support the results
of previous studies showing cluster groups of the Hepato-
zoon species based on phylogenetic analysis of the 18S
rRNA gene (Pawar et al. 2011, 2012).

Although blood parasite infections in many wildlife
species are typically asymptomatic, they can present clin-
ical signs under certain circumstances such as unnatural
hosts, stress, habitat degradation, climate fluctuation, or
immunosuppression (Williams et al. 2014). However, the
captive lions in our study showed no signs of
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hepatozoonosis. The lack of apparent clinical signs is in
accordance with studies on bobcats and ocelots in the
United States (Mercer et al. 1988) and in a leopard cat in
Thailand (Salakij et al. 2010). Many parasites can be
spread from wildlife to domestic animals (Otranto et al.
2015). In this study, the captive lions were infested with R.
sanguineus, which may be shared with domestic dogs and
cats. Hence, close contact between wildlife and domestic
animals may lead to the transmission of parasite pathogens
and infectious diseases.

In conclusion, this study is the first to detect and char-
acterize H. felis in R. sanguineus ticks collected from
captive lions in Thailand. Further studies should be con-
ducted with a large number of ticks sampled across the
country to confirm the prevalence of H. felis. Furthermore,
additional studies of Hepatozoon in association with the
tick vector will be helpful to protect and conserve wildlife
species.
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