Current Research in Parasitology & Vector-Borne Diseases 7 (2025) 100250

© Current Researchin

Parasitology &
Vector-Borne Diseases
-

Contents lists available at ScienceDirect

Current Research in Parasitology & Vector-Borne Diseases

Partoft

journal homepage: www.sciencedirect.com/journal/current-research-in-parasitology-
and-vector-borne-diseases

ELSEVIER

Unveiling hidden threats: Molecular surveillance of bacterial and protozoan
infections in Asian water monitors (Varanus salvator) at Thailand’s
Khao-zon Wildlife Breeding Station

Witchuta Junsiri ?, Jitkamol Thanasak "®, Tawewan Issarankura Na Ayudhaya®,
Somjit Chaiwattanarungruengpaisan ‘©, Piyanan Taweethavonsawat

2 Parasitology Unit, Department of Veterinary Pathology, Faculty of Veterinary Science, Chulalongkorn University, Bangkok, 10330, Thailand

b Department of Clinical Sciences and Public Health, Faculty of Veterinary Science, Mahidol University, Nakhon Pathom, 73170, Thailand

¢ Department of Preclinic and Applied Animal Science, Faculty of Veterinary Science, Mahidol University, Nakhon Pathom, 73170, Thailand

9 The Monitoring Surveillance Center for Zoonotic Diseases in Wildlife and Exotic Animals, Faculty of Veterinary Science, Mahidol University, Nakhon Pathom, 73170,
Thailand

¢ Biomarkers in Animals Parasitology Research Unit, Chulalongkorn University, Bangkok, 10330, Thailand

ARTICLE INFO ABSTRACT

Keywords:

Asian water monitor
Blood parasites
Phylogenetic analysis
Thailand

Varanus salvator

Asian water monitors (Varanus salvator) are often exposed to harmful microorganisms such as species of Hep-
atozoon, Anaplasma, Rickettsia, and Borrelia. These pathogens pose significant risks to wildlife and public health.
In this study, we aimed to investigate the presence and genetic diversity of pathogenic microorganisms in
V. salvator from the Khao-zon Wildlife Breeding Station, Ratchaburi, Thailand. Sixteen V. salvator were collected,
and thin blood smears and polymerase chain reaction (PCR) assays of the DNA isolated from blood were used to
identify infections. Blood smear analysis revealed two positive samples (2/16; 12.5%) for Hepatozoon sp. PCR
results confirmed the presence of Hepatozoon sp. (6/16; 37.5%), Anaplasma sp. (3/16; 18.75%), Rickettsia sp. (2/
16; 12.5%), Borrelia sp. (4/16; 25.0%) and Burkholderia sp. (1/16; 6.25%). Phylogenetic analysis revealed
99.86% similarity of Hepatozoon sp. sequences with Hepatozoon ophisauri (GenBank: MN723845) in Pseudopus
apodus from Iran, whereas the gltA gene of Rickettsia sp. was closely related to Rickettsia conorii raoultii (GenBank:
MF002515) in Dermacentor nuttalli from China. This study represents the first detection of the five pathogens in
V. salvator from Thailand and provides valuable insights into the genetic diversity of these microorganisms. Our
findings suggest that V. salvator may serve as reservoir for multiple pathogens, posing potential threats to both
wildlife and humans. The presence of zoonotic agents such as Rickettsia spp., Anaplasma spp., and Borrelia spp.
underscores the importance of continued surveillance in wildlife populations to mitigate the risk of emerging
infectious diseases.

1. Introduction

The Asian water monitor (Varanus salvator) is under wildlife pro-
tection according to the list of Thailand’s protected species (Wild Animal
Reservation and Protection Act, B.E. 2535 of 1992) (Lauprasert and
Thirakhupt, 2001), since its population has decreased due to the loss of
habitat or hunting for consumption or leather products (Shine et al.,
1996; Mahaprom et al., 2015). Varanus salvator is one of the most
common monitor lizards throughout much of southern Asia, from Sri
Lanka through Southeast Asia, including Thailand (Bohme, 2003; Koch

etal., 2013), where the species is most threatened due to its proximity to
human habitats and agriculture (Cota, 2009). In Thailand, during the
past few years, the living zones of water monitors have extended into
human communities such as Samut Prakan, Samut Songkhram, Samut
Sakhon and Ratchaburi provinces, due to the increase in the number of
water monitors (Cota, 2009).

Water monitors are often exposed to harmful microorganisms such as
Rickettsia spp., Anaplasma spp., Ehrlichia spp., Borrelia spp. and/or
Hepatozoon spp. (Thanasak et al., 2022; Yean et al., 2024). However,
only a limited number of studies have reported the presence of bacteria
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in ticks associated with Varanus spp. in Asian countries (Doornbos et al.,
2013; Koh et al., 2018; Supriyono et al., 2019; Khan et al., 2022). Thicks
of the genus Amblyomma are potential vectors and Amblyomma-infested
reptiles have been reported in several studies (Doornbos et al., 2013;
Sumrandee et al., 2015; Trinachartvanit et al., 2016; Kaenkan et al.,
2020). In Thailand, reports of bacteria in ticks infesting varanid lizards,
including Rickettsia spp. and Borrelia spp. (Doornbos et al., 2013;
Kaenkan et al., 2020), and protozoans of the genus Hepatozoon are rare
(Junsiri et al., 2024) and the information on bacterial and parasitic in-
fections in V. salvator is still limited. Identification of bacterial and
parasitic pathogens from V. salvator is crucial for comprehending the
health dynamics of wild animals in Thailand. The aim of this study was
to molecularly characterize bacteria and blood parasites carried by
V. salvator in Ratchaburi Province of Thailand.

2. Materials and methods
2.1. Sample collection

Asian water monitors (V. salvator) were captured by hand from
November 2023 to May 2024 at the Khao-zon Wildlife Breeding Station,
Ratchaburi Province of Thailand (13°35'07.4"N, 99°29'17.0"E). The
adult males and females, which had more than 3 kg of body weight and
more than 100 cm in length from the snout to the anus, were randomly
chosen for blood collection and subsequently released. The clinical
signs, including injuries, wounds, emaciation, overall body condition,
and tick infestation, were checked. Ten ml of peripheral blood samples
were drawn from the caudal tail vein using an 18-gauge needle into an
EDTA blood collection tube. All samples were maintained at 4 °C while
they were being handled in the laboratory. Blood smears were obtained,
air-dried, fixed in methanol, and stained with Giemsa (Rosenblatt,
2009). Parasites were observed under an Olympus CX31 biological mi-
croscope (Olympus, Tokyo, Japan). The remaining EDTA blood sample
was preserved at —20 °C for subsequent molecular analysis.
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2.2. DNA extraction, amplification, and sequencing

DNA was extracted from individual blood samples using the Nucle-
oSpin® Blood, (Macherey-Nagel, Diiren, Germany) kit following the
manufacturer’s instructions. Amplification of Hepatozoon and bacterial
DNA was performed using a set of primers provided in Table 1. DNA was
amplified in a 20-pl reaction system, each including 2 pl of DNA tem-
plate, 1 x GoTaq® Green Master Mix (Promega, Madison, USA), 0.2 mM
each of reverse and forward primer, and filled to volume with nuclease-
free water. The reaction was performed in a thermal cycler (BIOER
Technology, Hangzhou, China). The PCR primers, amplification sizes
(base pairs), and annealing temperatures are listed in Table 1. Nuclease-
free water was used as the negative control for each PCR. DNA-positive
samples for each pathogen were used as a positive control. Prior to
sequencing, the quality of the PCR products was checked with 1.5%
agarose gel electrophoresis, and the products were stained with Red-
Safe™ Nucleic Acid Staining Solution (INtRON Biotechnology,
Gyeonggi, Korea). If the PCR product quality was suboptimal, the
product was fully replicated. If the PCR product was of good quality, the
product was purified using the NucleoSpin® Gel and PCR Clean-up Kit
(Macherey-Nagel). The purified DNA fragments were then sequenced
using Sanger sequencing (U2Bio Co., Ltd, Seoul, South Korea) and
subsequently analyzed for phylogenetic and haplotype diversity.

2.3. Data analysis

The sequences were edited using BioEdit v.7.0.5.3 (Hall, 1999) and
identified through comparative analysis with sequences deposited in
GenBank, using the National Center for Biotechnology Information
(NCBI) BLAST search engine. Multiple sequence alignment was per-
formed using MEGA software version 11.0.13 (Kumar et al., 2018).
Phylogenetic trees were reconstructed with the maximum likelihood
(ML) method with 1000 bootstrap replicates to assess tree stability
(Felsenstein, 1985; Nei and Kumar, 2000) and the Bayesian inference
(BI) algorithm in MrBayes, version 3.1.2 (Huelsenbeck and Ronquist,
2001) with 5,000,000 generations of trees sampled every 1000 gener-
ations. The sequences were analyzed in DnaSP software, v.5.10.01 to

Table 1
Primers used for confirmatory PCR testing.

Gene Description Target organisms Primer sequence (5-3) T (°C) Reference

18S rRNA 18S ribosomal RNA Hepatozoon spp. TATTGGTTTTAAGAACTAATTTTATGATTG 48 Perkins and Keller (2001)
CTTCTCCTTCCTTTAAGTGATAAGGTTCAC

16S rRNA 16S ribosomal RNA Eubacteria AGAGTTTGATCCTGGCTCAG 52 Weisburg et al. (1991)
ACGGCTACCTTGTTAGGACTT

Ehrlichia/Anaplasma spp. AGAACGAACGCTGGCGGCAAGCC 60 Dawson et al. (1994)
CGTATTACCGCGGCTGCTGGCA
Borrelia spp. ATAACGAAGAGTTTGATCCTGGC 64 Masuzawa et al. (1999)

CAGCCGCACTTTCCAGTACG

gltA Citrate synthase protein Rickettsia spp. GACCATGAGCAGAATGCTTCT 44 Ishikura et al. (2003)
ATTGCAAAAAGTACAGTGAAC"
GGGGGCCTGCTCACGGCGG” 48
ATTGCAAAAAGTACAGTGAAC”

17 kDa 17 kDa outer membrane antigen Rickettsia spp. TTTACAAAATTCTAAAAACCAT? 57
TCAATTCACAACTTGCCATT"
GCTCTTGCAACTTCTATGTT”
TCAATTCACAACTTGCCATT"

groEL 60 kDa heat-shock protein Ehrlichia/Anaplasma spp. GAAGATGCWGTWGGWTGTACKGC" 57 Tabara et al. (2007)
AGMGCTTCWCCTTCWACRTCYTC"
ATTACTCAGAGTGCTTCTCARTG"
TGCATACCRTCAGTYTTTTCAAC”

flaB Flagellin protein Borrelia spp. ACATATTCAGATGCAGACAGAGGT" 55 Stromdabhl et al. (2003)

GCAATCATAGCCATTGCAGATTGT"
AACAGCTGAAGAGCTTGGAATG"
CTTTGATCACTTATCATTCTAATAGC"

Note: W=A, T; K=G, T;,M=A,CR=A,GY=C,T.
Abbreviation: T (°C), annealing temperature.

& First round PCR.

b Nested PCR.
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calculate DNA polymorphisms and haplotype information (Librado and
Rozas, 2009). The haplotype networks were estimated by means of the
Templeton, Crandall, and Sing (TCS) network in Population Analysis
with Reticulate Trees (PopART) software (Clement et al., 2002; Leigh
and Bryant, 2015).

3. Results
3.1. Morphology of the gamonts

Examination of the blood smears obtained from 16 V. salvator sam-
ples revealed gamonts resembling Hepatozoon in two samples (Fig. 1).
The mature gamonts were identified within the cytoplasm of infected
erythrocytes and showed an elongated shape with broad, rounded ends.
The gamonts were approximately 4.45 pm in width and 19.0 pm in
length with pale basophilic cytoplasm and central oval basophilic
nucleus.

3.2. PCR amplification and sequencing

Blood samples collected from V. salvator tested positive for Hep-
atozgoon sp. (6/16; 37.5%) and four bacterial species: Anaplasma sp. (3/
16; 18.75%), Rickettsia sp. (2/16; 12.5%), Borrelia sp. (4/16; 25.0%),
and Burkholderia sp. (1/16; 6.25%). All sequences generated in this
study have been deposited in the GenBank database (Table 2).
Sequencing of the positive PCR products confirmed the presence of
several pathogenic microorganisms and parasites. BLAST analysis
revealed that the 18S rDNA sequences of Hepatozoon sp. showed 99.86%
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similarity with H. ophisauri (GenBank: MN723845) from Pseudopus
apodus in Iran. The 16S rDNA sequences of Anaplasma sp. showed 98.3%
similarity to sequences identified as uncultured Anaplasma sp. (Gen-
Bank: OR494603) detected in Amblyomma gervaisi ticks from monitor
lizards in Pakistan, whereas the groEL gene sequences showed 98.71%
similarity to Anaplasma sp. (GenBank: LC428379) isolated from
Amblyomma varanense ticks that had fed on water monitors (V. salvator)
in Indonesia. Furthermore, the 16S rRNA gene sequences of Rickettsia sp.
showed a similarity of 98.9% with sequences from Amblyomma helvolum
ticks collected from Asiatic water snakes (Xenochrophis piscator) in
Thailand, and the 17 kDa gene sequences of Rickettsia sp. showed 98.9%
similarity with Rickettsia sp. (GenBank: LC428381) isolated from
Amblyomma varanense ticks fed on a water monitor (V. salvator) in
Thailand. Interestingly, the gltA gene sequences of Rickettsia sp. showed
98.59% similarity with the sequence of R. conorii raoultii (GenBank:
MF002515) isolated from Dermacentor nuttalli in China. The flagellin
gene sequences of Borrelia sp., presented 93% similarity with a sequence
identified as Borrelia sp. (isolate STN2; GenBank: MK462207), which
was found in Amblyomma varanense ticks in Bengal monitors in
Thailand. This finding suggests a very high degree of similarity between
the two sequences, but it does not necessarily mean that they are
identical. Additionally, the sequence of Burkholderia sp. was 99.88%
similar to that of uncultured Burkholderia sp. from China (GenBank:
0Q678120) as well as Burkholderia cepacian isolated from soil and Rubus
idaeus in the USA and Mexico (GenBank: CP022083, OR426199).
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Fig. 1. Light photomicrographs of hemogragarine gamonts from Varanus salvator (Giemsa stained). Arrows indicate gamonts of Hepatozoon sp.

Table 2
DNA sequences generated in this study.

Isolate Pathogen species/Gene
Hepatozoon sp. Rickettsia sp. Borrelia sp. Anaplasma sp. Burkholderia sp.
18S rRNA 16S rRNA gltA 17 kDa flaB 16S rRNA groEL 16S rRNA

CM1 PP767327 PP767754 PQ272554 PQ272548

CM2 PP767328 PP767320 PQ272556

CM4 PP767321 PQ272557

CM5 PP767329 PQ272558

CM6 PP767330 PQ272550

CM9 PP767324

CM10 PQ272551

CM11 PP767331 PP767755 PQ272555 PQ272549

CM12 PQ272552

CM14 PP767332

CM16 PQ272553
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"KU667308, Hepatozoon sp., Akodon sp., Brazil j|’
MH 174345, Hepatozoon sp., Ixodes sp., Chile 1
MH111420, Hepatozoon sp., Calomys sp., Brazil

MK454892, Hepatozoon sp., Mus musculus, Chile Q
FI719818, Hepatozoon sp., Abrothrix olivaceus, Chile

0OMO033663, Hepatozoon sp., Akodon sp., Brazil
92/0.99
‘f—/l

-/0.99

{-/0.99

MN 104639, Hepatozoon sciuri, Sciurus vulgaris, Czech Republic ~ @
% MZA412878, Hepatozoon sp., Pseudocerastes fieldi, Iran :l 2
MT025290, Hepatozoon pyramidumi, Echis pyramidum, Saudi Arabia
t/l EF 157822, Hepatozoon ayorgbor, Lamprophis fuliginosus, Ghana ¥
MZ851987, Hepatozoon annularis, Tarentola annularis, Egypt eﬁ'
= MK452253, Hepatozoon griseisciuri, Sciurus carolinensis, Canada ag
L MT919388, Hepatozoon sp., Rattus rattus, Fatu Hiva 6 4
MNA497412, Hepatozoon bashtari, Echis coloratus, Saudi Arabia ¥
A PP767329, CMS5, Hepatozoon sp., Varanus salvator, Thailand
31/ PP767332, CM14, Hepatozoon sp., Varanus salvator, Thailand
PP767328, CM2, Hepatozoon sp., Varanus salvator, Thailand
MWA076449, Hepatozoon sp., Trachylepsis cristinae, Yemen /
i PP767330, CM6, Hepatozoon sp., Varanus salvator, Thailand
PP767327, CM1, Hepatozoon sp., Varanus salvator, Thailand 1&\
PP767331, CM11, Hepatozoon sp., Varanus salvator, Thailand

= oor—21—

MN723845, Hepatozoon ophisauri, Pseudopodus apodus, Iran &
KF939627, Hepatozoon sp., Elaphe carinata, China NS

-/0. 7
{0 24 MF435049, Hepatozoon caimani, Caiman crocodilus, Brazil @ 6

KM234649, Hepatozoon domerguei, Furcifer sp., Madagascar &
0Q306503, Hepatozoon sp., Varanus salvator, Thailand === 17
MW514213, Hepatozoon cuorae, Cuora galbinifions, Viet Nam Y% 8

MN723844, Hepatozoon colubri, Zamensis longissimus, Iran &N\

0Q093600, Karyolysus sp., Podarcis muralis, Spain / I9
KX017290, Hepatozoon felis, Asiatic lion, India 110

MW676114, Hepatozoon sp., Lycaon pictus, South Africa
MG919987, Hepatozoon sp., Canis mesomelas, South Africa 11
KJ499505, Hepatozoon sp., Vulpes rueppellii, Morocco

= MKO091088, Hepatozoon canis, Canis lupus familiaris, Israel

/ / DQ096835, Adelina dimidiata

1 / AF494059, Adelina bambarooniae

0.07

Fig. 2. Phylogenetic tree reconstructed by maximum likelihood (ML) and Bayesian inference (BI) analyses using 18S rDNA sequences for Hepatozoon spp. The ML
bootstrap and BI posterior probability values are given at the nodes as ML/BI; only values > 70% (ML) and 0.95 (BI) are shown. The scale-bar indicates the number of
substitutions per site. The newly generated sequences are indicated in bold. Adelina dimidiata and Adelina bambarooniae were used as outgroups.
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PP767320, CM2, Anaplasma sp., Varanus salvator, Thailand T
PP767321, CMS, Anaplasma sp., Varanus salvator, Thailand
OR494603, Anaplasma sp., Amblyomma gervaisi, Pakistan
GUO075704, Anaplasma sp., Haemaphysalis longicornis, South Korea
0Q092427, Anaplasma sp., Amblyomma tholloni, Uganda 1
MG924904, Allocryptoplasma sp., Lacerta viridis, Slovakia
: 6KP276587, Allocryptoplasma californiense, Ixodes pacificus, USA
MG437272, Anaplasma sp., Amblyomma dissimile, Brazil
0Q909443, Anaplasma sp., Aepyceros melampus, South Africa
KJ659039, Anaplasma ovis, Cervus nippon, China

-/0.99

99/1
98/1

KU586159, Anapl

KX987327, Anaplasma marginale, Boophilus microplus, China
KUS585989, Anaplasma platys, Anopheles sinensis, China
KP939255, Anaplasma sp., Camelus bactrianus, China
KM246799, Anaplasma sp., Procapra guttulosa, China 3
cinensis, A i
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98/1

OR717334, Burkholderia paludis, India
0Q284065, Burkholderia lata, Malaysia
®  PP434561, Burkholderia diffusa, India

MK672877, Burkholderia cepacia, USA
PP124584, Burkholderia sp., China

99/1
MH727471, Burkholderia sp., China

OR939647, Burkholderia paludis, China
0Q678120, Burkholderia paludis, China

0.05

00909488. Anaplasma sp.. Equus quagga burchellii. South Africa
IN990105, Anaplasma phagocytophilum, Equus quagga burchellii, South Africa 4
U10873, Ehrlichia sp., Canis familiaris, Sweden
KU586169, Anaplasma boleense, Anopheles sinensis, China 5
KX987335, Anaplasma boleense, Boophilus microplus, China
PP767754, CM1, Rickettsia sp., Varanus salvator, Thailand
PP767755, CM11, Rickettsia sp., Varanus salvator, Thailand
JQ339355, Rickettsia sp., Amblyomma helvolum, Thailand
KF318618, Rickettsia sp., Amblyomma helvolum, Thailand
MK351423, Rickettsia sp., China
ON721185, Rickettsia conorii, Hyalomma marginatum, Russia
DQ363809, Rickettsia raoultii, Dermacentor reticulatus, France
U11021, Rickettsia rickettsii, Dermacentor andersonii, USA
NRO074459, Rickettsia japonica, Japan ol =

OP381497, Burkholderia seminalis, Malaysia

PP767324, CMY, Burkholderia sp., Varanus salvator, Thailand

pheles sinensis, China
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Fig. 3. Phylogenetic tree reconstructed by maximum likelihood (ML) and Bayesian inference (BI) analyses using 16S rDNA sequences for Anaplasma spp., Rickettsia
spp. and Burkholderia spp. The ML bootstrap and BI posterior probability values are given at the nodes as ML/BI; only values > 70% (ML) and 0.95 (BI) are shown.
The scale-bar indicates the number of substitutions per site. The newly generated sequences are indicated in bold. Note that the tree is unrooted.

3.3. Phylogenetic analyses

Phylogenetic analysis was conducted by combining the six Hep-
atozoon sp. 18S rDNA sequences detected in this study with a previously
recorded Hepatozoon sp. sequence (GenBank: 0Q306503). The phylo-
genetic tree also included sequences obtained from the GenBank data-
base that were either closely matched to sequences from this study or
represented Hepatozoon spp. described in ticks, reptiles, amphibians,
and small mammals. The phylogeny showed several different clades
(Fig. 2). The newly generated Hepatozoon sp. sequences grouped in
Clade 5, along with sequences from Trachylepsis cristinae found in Yemen
(GenBank: MWO076449), from Pseudopus apodus in Iran (GenBank:
MN723845), and from Elaphe carinata in China (GenBank: KF939627).

The phylogenetic tree based on the 16S rDNA gene (Fig. 3) showed
that the sequence of Burkholderia sp. from this study was resolved as a
basal lineage compared with other Burkholderia sp. sequences. The

newly generated sequences for Rickettsia sp. clustered with Rickettsia sp.
sequences (GenBank: JQ339355 and KF318618) obtained from
Amblyomma helvolum ticks in Thailand (Fig. 3).

The phylogeny based on 17 kDa gene of Rickettsia spp. also revealed a
monophyletic group comprising a clade with Rickettsia sp. resolved as
sister group to Rickettsia sp. sequences obtained from ticks (GenBank:
OR537322, OR537323, and MN150181) (Fig. 4). Interestingly, the
phylogenetic tree for Rickettsia gltA gene showed the closest clustering of
the new Rickettsia sp. sequence with that of R. conorii raoultii (GenBank:
0OL687227) from ticks in South Korea (Fig. 5).

The phylogenetic tree for 16S rRNA gene of Anaplasma spp. formed a
monophyletic group with five main clades, one of which included the
newly generated Anaplasma sp. sequence along with Anaplasma sp.
sequence recently detected in Amblyomma gervaisi ticks in Pakistan
(Fig. 3). Based on the groEL gene, the new Anaplasma sp. sequence
showed a similar grouping to the 16S rDNA tree. The combined tree
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FJ666086, human, Rickettsia philipii, USA
JF934882, tick, Rickettsia sp., USA

MW321551, tick, Rickettsia conorii subsp. raoultii, China
0OL989931, human, Rickettsia conorii subsp. raoultii, China

GU353184, human, Rickettsia sp., Cyprus
—E EU365691, Rickettsia heilongjiangii, China
EU503184, Rickettsia heilongjiangii, China

AY737683, Rickettsia marmionii, Australia

KT261761, tick, Rickettsia conorii subsp. raoultii, China

MW321552, tick, Rickettsia conorii subsp. raoultii, China

MW321554, tick, Rickettsia conorii subsp. raoultii, China

MW314839, human, Rickettsia conorii subsp. raoultii, China
EU828788, tick, Rickettsia amblyommii, Mexico

98/0.99

U11013, tick, Rickettsia amblyommii, USA
—— DQ517291, tick, Rickettsia amblyommii, Argentina

KJ534311, tick, Rickettsia amblyommii, Brazil

MW922564, tick, Rickettsia conorii subsp. raoultii, China

MHS549230, human, Rickettsia conorii subsp. raoultii, China
—E OR537322, tick, Rickettsia sp., Australia

93/-

OR537323, tick, Rickettsia sp., Australia
76/-
—— MN150181, tick, Rickettsia sp., South Africa
PQ272548, CM1, Varanus salvator, Rickettsia sp., Thailand

_|94/-

PQ272549, CM11, Varanus salvator, Rickettsia sp., Thailand

OP876806, brown rat, Rickettsia typhi, Russia

IN315975, cat flea, Rickettsia asembonensis, Kenya

IN315969, cat flea, Rickettsia asembonensis, Kenya

MN150180, tick, Rickettsia hoogstraalii, United Arab Emirates

MT463319, bat, Rickettsia sp., Mexico

3.0

FJ269036, tick, Rickettsia monteiroi, Brazil

Fig. 4. Phylogenetic tree reconstructed by maximum likelihood (ML) and Bayesian inference (BI) analyses using 17 kDa sequences for Rickettsia spp. The ML
bootstrap and BI posterior probability values are given at the nodes as ML/BI; only values > 70% (ML) and 0.95 (BI) are shown. The scale-bar indicates the number of
substitutions per site. The newly generated sequences are indicated in bold. Note that the tree is unrooted.

revealed that the three new Anaplasma sp. sequences clustered together
with a sequence of Anaplasma sp. (GenBank: LC428379) obtained from
Amblyomma varanense ticks collected from V. salvator in Indonesia
(Fig. 6).

The phylogeny based on flaB gene of Borrelia spp. showed that Bor-
relia sp. from V. salvator formed a monophyletic group, clustering with
several Borrelia sp. haplotypes within the reptile-associated (REP) clade
of Borrelia (Fig. 7).

3.4. Haplotype diversity

Nucleotide diversity (x), haplotype diversity (h), number of haplo-
types, and the mean number of nucleotide differences (k) of the se-
quences obtained in the present study and GenBank sequences were
analyzed (Table 3). The haplotype network based on 18S rDNA se-
quences of Hepatozoon spp. comprised 26 different haplotypes (Fig. 8).
Hepatozoon sp. isolated from V. salvator in Thailand represented
Haplotype 1 shared with H. ophisauri isolated from Pseudopus apodus in
Iran and Hepatozoon sp. isolated from Elaphe carinata in China. In

addition, the rest of haplotypes has also been detected in other hosts and
other countries worldwide including Trachylepis cristinae in Yemen,
Canis lupus familiaris in Israel, Vulpes rueppellii in Morocco, Canis meso-
melas and Lycaon pictus in South Africa, Echis coloratus in Saudi Arabia,
Lamprophis fuliginosus in Ghana, Abrothix olivaceus in Chile, Caiman
crocodilus in Brazil, Rattus rattus in Fatu Hiva, Sciurus carolinensis in
Canada, Tarentola annularis in Egypt, Sciurus vulgaris in the Czech Re-
public, Cuora galbinifrons in Vietnam, Podarcis muralis in Spain, Asiatic
lion in India, Furcifer sp. in Madagascar. Moreover, Hepatozoon spp. from
canine and rodent hosts formed two groups, Haplotypes 8-11 and
Haplotypes 14-17 and 19, respectively, as illustrated in Fig. 8.

The haplotype network for Rickettsia spp. gltA gene shown in Fig. 9
comprised 24 haplotypes from 16 countries including Thailand, Costa
Rica, Pakistan, Brazil, Colombia, North Macedonia, Australia, Turkey,
South Korea, Portugal, China, Germany, Spain, Russia, Slovakia and
Vietnam. The sequences of Rickettsia sp. isolated from V. salvator in
Thailand represented Haplotype 1 and closely related to uncultured
Rickettsia sp. isolated from Homo sapiens in Colombia and R. sibirica
isolated from Homo sapiens in North Macedonia (Haplotype 5), R. conorii
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Fig. 5. Phylogenetic tree reconstructed by maximum likelihood (ML) and Bayesian inference (BI) analyses using gltA sequences for Rickettsia spp. The ML bootstrap
and BI posterior probability values are given at the nodes as ML/BI; only values > 70% (ML) and 0.95 (BI) are shown. The scale-bar indicates the number of
substitutions per site. The newly generated sequences are indicated in bold. Note that the tree is unrooted.

raoultii isolated from Amblyomma helvolum fed on V. salvator from
Thailand and Dermacentor marginatus from Turkey (Haplotype 7) and
Haemaphysalis flava from South Korea (Haplotype 10), and R. conorii
israelensis from Portugal (unknown host) (Haplotype 11) (Fig. 9).

The haplotype network for Anaplasma spp. groEL gene comprising 22
haplotypes from 12 countries including Thailand, Indonesia, USA, So-
malia, Italy, Tunisia, China, Portugal, Germany, Canada, Uganda and
Cyprus (Fig. 10) demonstrated that the new sequences from V. salvator
represented two haplotypes: Haplotype 1 shared with Anaplasma sp.
from Amblyomma varanense ticks that fed on V. salvator from Indonesia
and Haplotype 2 (Fig. 10).

The haplotype network for Borrelia spp. flaB gene comprised 22
haplotypes from 12 countries including Thailand, Spain, USA, Panama,
Colombia, Iran, Brazil, Mali, Japan, Indonesia, Turkey and Poland
(Fig. 11). Interestingly, the result revealed two groups of Borrelia spp.,
reptile-associated Borrelia spp. (REP) and relapsing fever Borrelia spp.

(RF). The network revealed a grouping of the four Borrelia sp. haplotypes
(Haplotypes 1-4) in V. salvator studied here, associated with a group of
Borrelia sp. haplotypes in ticks from water monitors previously reported
from Thailand (Haplotypes 5-7) and Indonesia (Haplotypes 21 and 22)
within the REP group comprising isolates from other countries including
Indonesia, Brazil, USA, Japan, Turkey and Poland (Fig. 11).

4. Discussion

To our knowledge, this is the first study investigating bacterial and
parasitic pathogens affecting V. salvator at the Khao-zon Wildlife
Breeding Station, Ratchaburi Province, Thailand. Our findings offer
valuable insights into the distribution and genetic diversity of Hep-
atozoon sp., Anaplasma sp., Rickettsia sp., and Borrelia sp. in Thailand.
Additionally, molecular analysis based on 16S rDNA confirmed the
presence of Burkholderia sp. The identification of bacterial and parasitic
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Fig. 6. Phylogenetic tree reconstructed by maximum likelihood (ML) and Bayesian inference (BI) analyses using groEL sequences for Anaplasma spp. The ML
bootstrap and BI posterior probability values are given at the nodes as ML/BI; only values > 70% (ML) and 0.95 (BI) are shown. The scale-bar indicates the number of
substitutions per site. The newly generated sequences are indicated in bold. Ehrlichia canis and Ehrlichia sp. were used as outgroups.

pathogens in water monitors from this region holds ecological impor-
tance, as these pathogens can significantly impact the health of water
monitors, other wildlife species, and the overall ecosystem.

In this study, we identified potential pathogenic microorganisms
within the collected blood samples. In particular, our analysis confirmed
the presence of Hepatozoon sp. Within the haemogregarine genera,
Hepatozoon is commonly reported to infect reptiles and other verte-
brates, including amphibians and mammals (Telford, 2009). Hepatozoon
spp. may be transmitted through a wide range of arthropod vectors such
as flies, mosquitoes, ticks, fleas, lice, and mites (Smith, 1996; Thomas
et al., 2024). Based on microscopic examination of cells parasitized by
Hepatozoon sp. gamonts, the results were verified in two samples. The
presence of Hepatozoon sp. has already been reported in V. salvator in
Thailand (Salakij et al., 2014; Thanasak et al., 2022; Junsiri et al., 2024)
and in several species of reptiles sampled in Asia (Han et al., 2015;
Sumrandee et al., 2015). The average size of Hepatozoon sp. gametocytes
(19.0 x 4.45 pm) was similar to that of the previously described Hep-
atogoon sp. in V. salvator (Thanasak et al., 2022). However, the
morphology of the vast majority of haemogregarines is rather similar,
preventing easy differential diagnosis. Unfortunately, the morphological

and biological features of Hepatozoon sp. detected in V. salvator are still
lacking for diagnosis. Despite morphological comparisons in the former
publications of various authors using their own approaches, methods,
and optic systems, a degree of uncertainty is always introduced. Over the
past decade several phylogenetic studies using 18S rDNA sequences,
have provided useful insight into the evolutionary relationships of
Hepatozoon parasites, as well as their ability to distinguish between
species (Perkins and Keller, 2001). However, because the 18S rDNA
gene is a relatively conserved marker, certain nodes remain unresolved
(Cook et al., 2016). Furthermore, molecular confirmation based on
Hepatozoon 18S rDNA revealed high similarity with H. ophisauri (Gen-
Bank: MN723845) detected in Pseudopus apodus from Iran. According to
the phylogenetic and haplotype analyses, the Hepatozoon sp. sequences
generated here were related to Hepatozoon sp. described from reptiles
(Elaphe carinata, the king rat snake) and H. ophisauri from Pseudopus
apodus, Iran. Therefore, our results revealed that a novel Hepatozoon sp.
closely related to H. ophisauri was discovered in V. salvator in Thailand.
This finding differed from our previous report that Hepatozoon sp. in
V. salvator shared 99% identity with H. caimani (Junsiri et al., 2024).
This finding suggests that the habitats of freshwater wetlands and urban



W. Junsiri et al.

Current Research in Parasitology & Vector-Borne Diseases 7 (2025) 100250

MK462204, tick, water monitor, Borrelia sp., Thailand
83/-

MK462207, tick, Bengal monitor, Borrelia sp., Thailand

MK462209, tick, Bengal monitor, Borrelia sp., Thailand
MK462206, tick, water monitor, Borrelia sp., Thailand

92/-

92/-

LC428371, tick, water monitor, Borrelia sp., Indonesia
4' 99/1
LC428378, tick, water monitor, Borrelia sp., Indonesia

— PQ727552, CM12, Varanus salvator, Borrelia sp., Thailand

— PQ727550, CM6, Varanus salvator, Borrelia sp., Thailand

PQ727551, CM10, Varanus salvator, Borrelia sp., Thailand
PQ727553, CM16, Varanus salvator, Borrelia sp., Thailand
— KP861337, tick, Borrelia sp., USA

REP

100/1
— MNO064675, tick, green-headed tanager, Borrelia sp., Brazil

KT758064, tick, Python reticulatus, Borrelia sp., Thailand

AB473519, tortoise, Borrelia turcica, Japan
PP145308, tick, Borrelia sp., Indonesia

98/0.98

AB109246, tick, Borrelia turcica, Turkey

OP879332, tick, Borrelia turcica, Poland
OP879333, tick, Borrelia turcica, Poland

AB109243, tick, Borrelia turcica, Turkey

JF708951, vole, Borrelia microti, Iran
99/0.99
MW?795333, tick, Borrelia sp., Iran

- GU357617, tick, Borrelia duttonii, Spain
1 IX292911, tick, Borrelia crocidurae, Mali

100/1

MT076263, tick, Borrelia sp., Brazil
—E MT845212, tick, Borrelia puertoricensis, Panama

0Q944471, opossum, Borrelia puertoricensis, Colombia

3.0

100/1

EF688577, tick, Borrelia sp., USA

Fig. 7. Phylogenetic tree reconstructed by maximum likelihood (ML) and Bayesian inference (BI) analyses using the flaB sequences for Borrelia spp. The ML bootstrap
and BI posterior probability values are given at the nodes as ML/BI; only values > 70% (ML) and 0.95 (BI) are shown. The scale-bar indicates the number of
substitutions per site. The newly generated sequences are indicated in bold. Abbreviations: REP, reptile-associated Borrelia spp.; RF, relapsing fever Borrelia spp. The

RF group was used as the outgroup.

Table 3

Polymorphism and genetic diversity of Hepatozoon sp., Anaplasma sp., Rickettsia sp. and Borrelia sp. detected in Varanus salvator.
Gene Size (bp) n VS GC% Nhap h (mean + SD) 7 (mean + SD) k
18S rRNA Hepatozoon sp. 1826 34 100 40.1 26 0.948 + 0.031 0.0148 + 0.0024 18.045
groEL Anaplasma sp. 528 28 118 47.2 22 0.981 + 0.015 0.4271 + 0.0260 54.664
gltA Rickettsia sp. 569 35 114 34.6 24 0.978 + 0.011 0.4220 + 0.0204 51.916
flaB Borrelia sp. 882 27 96 45.1 22 0.983 + 0.015 0.1297 + 0.0058 36.841

Abbreviations: n, number of analyzed sequences; VS, number of variable sites; GC, GxC content; Ny,,p, number of haplotypes; h, haplotype diversity; z, nucleotide
diversity (per site); k, mean no. of nucleotide differences; SD, standard deviation.

waterways of V. salvator may have contributed to parasite divergence
(Cota et al., 2008, 2009). Hepatozoon ophisauri is known to infect wild
animals, including rodents, birds, reptiles, and amphibians (Perles et al.,
2019; Perison et al., 2022). For example, a mixed infection of two
Hepatozoon sp. was recorded in African leopards (van As et al., 2020). In
this case, confirmation of the presence of Hepatozoon sp. in V. salvator is
still needed, as information about this parasite in these reptiles is
limited.

Rickettsiosis is a vector-borne zoonotic disease, and many rickettsiae
belong to the spotted fever group (SFG) of Rickettsia spp. (Parola et al.,

2005). The presence of Rickettsia sp. in V. salvator warrants attention. To
date, phylogenetic analysis based on 16S rRNA gene sequences has
frequently been used (Raoult and Roux, 1997). A multigenic approach,
combining several genes, including those encoding gitA and 17 kDa, was
suggested to be potentially helpful and appropriate for the reconstruc-
tion of the evolutionary relationships of diverse but closely related
species of Rickettsia (Fournier and Raoult, 2009; Aung et al., 2014).
Moreover, gltA has frequently been used as a target for genetic di-
agnostics based on PCR because this approach can easily identify a
number of Rickettsia spp.; this gene is also highly conserved
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(Chaloemthanetphong et al., 2023). Similarly, based on our results, the
phylogenetic trees based on 16S rDNA, 17kDA, and gltA of Rickettsia sp.
were aligned with reference to published Rickettsia spp. sequences. The
phylogenetic relationships based on the 16S rRNA and 17 kDa genes in
this study were similar, while the tree of gltA gene indicated that the
Rickettsia sp. infecting V. salvator is closely evolutionarily related to
R. conorii raoultii (GenBank: OL687227). These results agree with the
results of previous studies (Doornbos et al., 2013). Therefore, Rickettsia
sp., closely related to R. conorii raoultii, was discovered in V. salvator in
Thailand. Rickettsia conorii raoultii has been detected in different tick
species collected from reptiles in different countries including Thailand,
India and Malaysia (Doornbos et al., 2013; Kho et al., 2015; Nallan et al.,
2023), but the pathogenicity of this species is still unclear. However,
R. raoultii is pathogenic to humans, with cases of spotted fever and
tick-borne lymphadenopathy described in previous reports (Switaj et al.,
2012). Furthermore, the study of the transmission and role of vectors,
including ticks, is highly warranted. In addition, the potential
geographical and host distribution, characterization and culture of
Rickettsia sp. found in V. salvator should be investigated to determine
whether this bacterium is pathogenic or symbiotic.

Species of Anaplasma can cause anaplasmosis, another tick-borne
disease impacting both animal and human populations (Pascoe et al.,
2019). Through molecular analysis, we ascertained the presence of
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Anaplasma sp. However, the bacteria revealed in our study did not align
with classified species. Additionally, the geographical diversity of our
samples may have contributed to the uniqueness of the identified se-
quences. To date, the groEL gene has become more commonly used for
inferring eubacterial phylogenies and can be useful as a marker to clarify
evolutionary relationships among Anaplasma spp. (Chisu et al., 2018;
Karlin and Brocchieri, 2000) where 16S rDNA sequences are highly
conserved (Portillo et al., 2011). In this study, the phylogenetic re-
lationships based on the 16S rRNA and groEL genes were similar, with
both trees indicating that Anaplasma sp. infecting V. salvator is closely
related to Anaplasma sp. obtained from ticks, which is similar to that
previously reported by Supriyono et al. (2019). These Anaplasma spp.
are detected worldwide because of the high similarity of 16S rDNA se-
quences (Portillo et al., 2011). Because ticks harbor the same bacterial
endosymbiont regardless of their geographical origin, these bacteria
may be endosymbionts that are distributed worldwide (Niebylski et al.,
1997). Therefore, the bacteria may infect lizards and be transmitted by
ticks. Recently, the presence of Anaplasma bovis and Anaplasma phag-
ocytophilum in monitor lizards (V. salvator and V. bengalensis) has been
reported in Malaysia (Koh et al., 2018).

Species of Borrelia are known as pathogens of arthropod-borne dis-
eases of public health concern. The newly generated Borrelia sp. se-
quences belong to the group referred to as reptile-associated (REP)
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borreliae (Takano et al., 2011). Reports on REP Borrelia spp. associated
with Varanus spp. (or varanid) hosts have already been documented in
Tanzania, Australia, Indonesia, Pakistan, and Thailand (Takano et al.,
2011; Panetta et al., 2017; Supriyono et al., 2019; Kaenkan et al., 2020;
Khan et al., 2022; Gofton et al., 2023). To date, the flaB gene of Borrelia
spp. is a useful marker for phylogenetic studies and has adequate di-
versity within closely related species of Borrelia (Zakham et al., 2021).
The flaB gene has also been widely used for the detection of Borrelia spp.
in tick and reptile samples (Trinachartvanit et al., 2016; Kaenkan et al.,
2020). The phylogenetic analysis of flaB sequences indicated that
varanid-associated Borrelia formed a monophyletic clade within the REP
Borrelia spp. lineage. This finding is similar to that previously reported
on the presence of Borrelia DNA from Amblyomma varanense ticks on
V. salvator in Indonesia (Supriyono et al., 2019). However, their exis-
tence in these areas could be considered a risk factor in the future.
Finally, the presence of Burkholderia sp. based on 16S rDNA was deter-
mined. The sequence of Burkholderia sp. was 99.88% similar to that of
uncultured Burkholderia sp. from China, the USA, and Mexico. In rep-
tiles, isolation of B. pseudomallei has been anecdotally documented in
crocodiles (Sprague and Neubauer, 2004), and pet green iguanas in
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Belgium (Hellebuyck et al., 2018). Burkholderia sp., especially
B. pseudomallei, is endemic throughout Southeast Asia and increased
awareness and diagnostic capabilities in recent years have greatly
expanded the known distribution of this bacterium (Dance, 2015).

5. Conclusions

This study provides valuable data on bacterial and parasitic in-
fections in V. salvator at the Khao-zon Wildlife Breeding Station,
Ratchaburi Province, Thailand. The results suggest that V. salvator may
serve as a reservoir host and carrier for many disease agents such as
Hepatozoon spp., Rickettsia spp., Anaplasma spp. and Borrelia spp. in this
region. Identification of these pathogenic microorganisms in V. salvator
has multiple implications. First, the presence of these pathogens high-
lights the potential risks to both animal and human health. In addition,
Anaplasma spp., Rickettsia spp. and Borrelia spp. are linked to diseases
that can range in severity in humans. Therefore, knowledge of the di-
versity of these pathogens in V. salvator populations is a pivotal
component of public health preparedness. Identification of pathogenic
microorganisms underscores the importance of water monitor
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surveillance for disease assessment.
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