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A B S T R A C T

A total of 127 Amblyomma ticks (A. helvolum, A. varanense and A. geoemydae) were collected from reptiles: water
monitors (Varanus salvator), Bengal monitors (Varanus bengalensis), Burmese pythons (Python bivittatus), yellow-
spotted keelbacks (Xenochrophis flavipunctatus), keeled rat snakes (Ptyas carinata) and elongated tortoises
(Indotestudo elongata) from nine provinces in Thailand. The presence of Borrelia spp. of the 16S rRNA, flaB, glpQ,
groEL and gyrB genes was examined by conventional, semi-nested and nested PCR. Phylogenetic analyses using
maximum likelihood method of housekeeping genes showed that most sequences of Borrelia spp. in these
Amblyomma ticks belonged to the clade of reptile-associated (REP) borreliae. Interestingly, one Borrelia sp. in an
A. geoemydae tick collected from an elongated tortoise clustered in the same clade as a Borrelia sp. detected from
an A. geoemydae-infested turtle in Japan (it may belong to the same species given the identical sequences of their
16S rRNA, flaB and glpQ genes) and formed the same group with tick-borne relapsing fever (RF) borreliae of B.
miyamotoi and B. theileri. Our findings are the first report on the presence of Borrelia spp. in A. helvolum and A.
geoemydae ticks from reptiles in Thailand adding to the geographic distribution of Borrelia spp. in Asia.

1. Introduction

Ticks are important vectors that transmit several pathogens, in-
cluding viruses, bacteria and protozoa, which threaten animal and
human health (Jongejan and Uilenberg, 2004). Borrelia spp. are Gram-
negative bacteria with a spiral-shape belonging to the Spirochaetaceae
family (Parola and Raoult, 2001). They are known as pathogens of
arthropod-borne diseases of public health problems. Phylogenetic trees
of Borrelia bacteria have been divided into three groups of borreliae,
i.e., Lyme borreliosis/Lyme disease (LB), relapsing fever (RF) and rep-
tile-associated (REP) (Takano et al., 2010). Lyme borreliosis etiological
agents include B. burgdorferi sensu stricto, B. garinii and B. afzelii. They
are transmitted by hard ticks of several species of Ixodes, such as I.
ricinus, I. persulcatus and I. scapularis (Steere et al., 2016).

Etiological agents of RF borreliae contain more than 20 species, e.g.,
B. hermsii in North America and B. duttonii in Afica. The main vectors of
RF borreliae are soft ticks of the genus Ornithodoros (Wang, 2015).
However, some RF borreliae are transmitted by hard ticks, such as B.
lonestari (Amblyomma), B. miyamotoi (Ixodes) and B. theileri (Rhipice-
phalus) (Wang, 2015).

The third group of Borrelia spp. has been referred to reptile-

associated (REP) borreliae (Takano et al., 2010, 2011), although a
Borrelia sp. of this group has been found to be associated with echidna
(Panetta et al., 2017; Loh et al., 2017; Gofton et al., 2018). Borrelia
turcica sp. nov. was first discovered in Hyalomma aegyptium ticks col-
lected from tortoises in Turkey (Guner et al., 2003, 2004). Phylogen-
etically, this group is separated from LB and RF borreliae. In addition,
REP borreliae have also been detected in blood and tissue of reptiles
and in the hard ticks of the genera Amblyomma, Hyalomma and Bo-
thriocroton that infest several reptiles (Takano et al., 2010, 2011;
Panetta et al., 2017).

The presence of B. burgdorferi has been detected in the blood from a
dog in Chiang Mai Province (Thailand) by immunological and nested
PCR assays (Sthitmatee et al., 2016). Additionally, REP Borrelia was
recently reported in Thailand. A novel species of the reptile-associated
group was discovered in an A. varanense tick from a reticulated python
in Lopburi Province (Trinachartvanit et al., 2016). The aims of this
study were to investigate the infection of Borrelia spp. in Amblyomma
ticks from reptiles using conventional, semi-nested and nested PCR.
Evolutionary relationship of Borrelia spp. was constructed using phy-
logenetic analyses of 16S rRNA (16S rDNA), flaB (flagellin B), glpQ
(glycerophosphoryl diester phosphodiesterase), groEL (a molecular
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chaperone) and gyrB (DNA gyrase subunit B) genes.

2. Materials and methods

2.1. Tick collection and identification

During 2014 to 2018, ticks were collected from six species of rep-
tiles from nine provinces in Thailand namely, Pattani, Narathiwat,
Satun, Songkhla, Uthai Thani, Chaiyaphum, Sisaket, Kalasin and
Mahasarakham. The reptiles infested with ticks were captured by local
people. All ticks were removed from reptiles using forceps under sui-
table conditions. Then, reptiles were released at the capture site. The
ticks were placed in 1.5-ml microcentrifuge tubes with 70% ethanol,
transported to the Faculty of Science, Mahidol University, Bangkok and
stored at −20 °C. Standard morphological keys (Kohls, 1957; Voltzit
and Keirans, 2002; Kadosaka et al., 2006) were used to identify tick
species. Positive ticks for Borrelia spp. were further confirmed the
species by molecular identification technique employing a set of
16S+1 (CTGCTCAATGATTTTTTAAATTGCTGTGG) and 16S-1 (TTAC
GCTGTTATCCCTAGAG) primers (Black and Piesman, 1994) to detect
the mitochondrial 16S rRNA gene (mt 16S rRNA). Then, the PCR pro-
ducts of mt 16S rRNA of Borrelia-positive ticks were purified, sequenced
and compared with existing sequences in GenBank.

2.2. DNA extraction

Ticks were washed three times each with 70% ethanol, 10% sodium
hypochlorite and sterile distilled water. Then, they were placed in 1.5-
ml microcentrifuge tubes with a 3mm stainless steel bead and crushed
using TissueLyser II (Qiagen, Hilden, Germany) for 30 s at 30 Hz. DNA
was extracted from all tick samples using DNeasy Blood and Tissue Kits
(Qiagen, Hilden, Germany) following the manufacturer's instructions.

2.3. Molecular detection of Borrelia spp.

The presence of Borrelia spp. was performed by using conventional,
semi-nested and nested PCR. A segment of 16S rRNA, flaB, glpQ, groEL
and gyrB genes was used to identify Borrelia bacteria in tick samples
with specific primers. The primers used in this study are described in
Table 1.

For the first screening, a segment of 16S rRNA was amplified using
conventional PCR with a primer set of 16SF1 and 16SR. Each PCR in-
cluded 4 μl of DNA template, 9.3 μl of distilled water, 2 μl of 10x buffer,
2 μl of 25mM MgCl2, 0.5 μl of dNTPs (10mM each), 1 μl of 10 μM
forward and reverse primers and 0.2 μl of Taq DNA polymerase. PCR

conditions for the 16S rRNA gene included an initial denaturation at
94 °C for 10min, followed by 35 cycles of denaturation at 94 °C for 15s,
annealing at 64 °C for 20 s, extension at 72 °C for 1.2min and a final
extension at 72 °C for 5min. Ticks that were positive for Borrelia 16S
rRNA were further amplified for the segment of the flaB, glpQ, groEL and
gyrB genes. Nested PCR was performed for the flaB gene as previously
described (Sato et al., 1997). Furthermore, semi-nested PCR of the glpQ,
gyrB and groEL genes was performed by the protocol described pre-
viously in Loh et al. (2017). DNA amplifications were run on a Sim-
pliAmp thermal cycler (Thermo Fisher Scientific, Massachusetts, USA).
The PCR products obtained from the 5 genes were separated by elec-
trophoresis on a 1% agarose gel. The gel was stained with ethidium
bromide and visualized under UV light.

2.4. DNA sequencing and phylogenetic analysis

The PCR products from ticks positive for Borrelia spp. were purified
using NucleoSpin® Gel and PCR Clean-up (Macherey-Nagel, Düren,
Germany) and sequenced. All DNA sequences were edited and as-
sembled using MEGA7 (Kumar et al., 2016). Then, DNA sequences were
compared with available sequences in GenBank using BLASTn analysis
(Altschul et al., 1990). DNA sequences were aligned by CLUSTALW
multiple alignment and phylogenetic analysis was performed using
MEGA7. The maximum likelihood method was used to represent the
evolutionary relationship based on the best fit model for each gene,
including the Hasegawa-Kishino-Yano (HKY) for 16S rRNA, groEL and
gyrB genes, Tamura 3-parameter (T92) for flaB gene and general time
reversible (GTR) for glpQ gene. The bootstrap values were determined
using 1000 replicates.

3. Results

3.1. Tick collection and identification

A total of 127 Amblyomma ticks were collected from 23 different
reptiles including six water monitors, four Bengal monitors, four
Burmese pythons, two yellow-spotted keelbacks, two keeled rat snakes
and five elongated tortoises from different parts of Thailand (Table 2).
Three species of ticks were identified namely, A. helvolum, A. varanense
and A. geoemydae. Twenty-eight A. helvolum (26 females and two males)
were collected from water monitors, Bengal monitors, yellow-spotted
keelbacks and keeled rat snakes. Sixty-two A. varanense (23 females and
39 males) were collected from water monitors, Bengal monitors and
Burmese pythons. Thirty-one A. geoemydae (six females and 25 males)
were collected from elongated tortoises. Six Amblyomma sp. (nymphs)

Table 1
PCR primers used for Borrelia detection.

Target gene Primer name Nucleotide sequence (5’ to 3’) PCR assay Size (bp) Reference

16S rRNA 16SF1 ATAACGAAGAGTTTGATCCTGGC Conventional 1,350 Masuzawa et al. (1999)
16SR CAGCCGCACTTTCCAGTACG

flaB BflaPAD GATCA(G/A)GC(T/A)CAA(C/T)ATAACCA(A/T)ATGCA Nested 384 Sato et al. (1997)
BflaPDU AGATTCAAGTCTGTTTTGGAAAGC
BflaPBU GCTGAAGAGCTTGGAATGCAACC
BflaPCR TGATCAGTTATCATTCTAATAGCA

glpQ glpQ fragment 1 (primary)-F CATTAATTATAGCTCACAGAG Semi-nested 599 Toledo et al. (2010); Loh et al. (2017)
glpQ fragment 1 (primary)-R AACAAGCATTATCAATTTTCC
glpQ fragment 1 (secondary)-F AGTGGATATTTACCAGAACA 573
glpQ fragment 1 (secondary)-R AACAAGCATTATCAATTTTCC

groEL groEL fragment 2 (primary)-F ATTGCTATACTTACTGGAGG Semi-nested 768 Toledo et al. (2010); Loh et al. (2017)
groEL fragment 2 (primary)-R TTACATCATTCCCATTCCAG
groEL fragment 2 (secondary)-F GGTGTGCTTATTAGTGAGGA 750
groEL fragment 2 (secondary)-R TTACATCATTCCCATTCCAG

gyrB gyrB fragment 2 (primary)-F CAARGAGRCTTAGRGAACTTGC Semi-nested 949 Schwan et al. (2005); Loh et al. (2017)
gyrB fragment 2 (primary)-R CCATCAACATCAGCATCAGC
gyrB fragment 2 (secondary)-F CAARGAGRCTTAGRGAACTTGC 880
gyrB fragment 2 (secondary)-R CCAACACCAGCWCCAAGAGA
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were collected from water monitor, Bengal monitors, keeled rat snake
and elongated tortoise (Table 2).

Borrelia-positive ticks were amplified for mt 16S rRNA to confirm
species. The results of sequence analysis showed that one A. helvolum
obtained from a water monitor had 99% identity with a partial se-
quence of mt 16S rRNA of A. helvolum (KC170738) and was submitted
to GenBank under accession number MK480198. The sequences of A.
varanense obtained from water monitors, Bengal monitors and Burmese
pythons showed 97–99% identity with a partial sequence of mt 16S
rRNA of A. varanense (KC170736). These sequences were submitted to
GenBank under accession numbers MK480197, MK480199 and
MK480200. In addition, one A. geoemydae obtained from an elongated
tortoise was submitted to GenBank under accession number MK480201
and showed 99% identity with a partial sequence of mt 16S rRNA of A.
geoemydae (KT382864).

3.2. Detection of Borrelia spp.

The presence of Borrelia spp. was first screened by conventional PCR
based on the 16S rRNA gene and showed positive results in 20 out of
127 ticks (15.7%) from 50% (3/6) water monitors in Pattani and
Narathiwat provinces, 75% (3/4) Bengal monitors in Satun and Sisaket
provinces, 100% (4/4) Burmese pythons in Chaiyaphum province and
40% (2/5) elongated tortoises in Satun and Uthai Thani provinces.
These included 4% (1/28) A. helvolum (collected from a water monitor),
27% (17/62) A. varanense (collected from water monitors, Bengal
monitors and Burmese pythons) and 6% (2/31) A. geoemydae (collected
from elongated tortoises) (Table 2). Borrelia-positive ticks were further
amplified for the segments of the flaB, glpQ, groEL and gyrB genes. The
presence of Borrelia spp. for the flaB and groEL genes showed positive
results in 20 ticks (15.7%). Positive PCR results for the glpQ gene were
detected in 10 ticks (7.9%), including one A. helvolum, seven A. var-
anense and two A. geoemydae. Eleven ticks (8.7%) were positive for the
gyrB gene, including 10 A. varanense and one A. geoemydae (Table 2).

3.3. Sequence analysis of five genes and phylogenetic analysis

Representative positive sequences of Borrelia bacteria for each gene
(PTN177, PTN926, NWT72, STN2, STN3, STN357, PK34, PK37, SKK18
and HKK19) were selected based on tick species, host and location. The
DNA sequences were submitted to GenBank database under accession
numbers: MK453297-MK453306 for 16 SrRNA, MK462204-MK462213
for flaB, MK501781-MK501782, MK501784-MK501785 for glpQ,
MK462214-MK462223 for groEL and MK462224-MK462229 for gyrB.
Tick codes and accession numbers are shown in Table 2.

3.3.1. 16S rRNA
Ten representative positive sequences from a total of 20 positive

ticks were submitted to GenBank database. Multiple sequence align-
ment of the 16S rRNA gene revealed that the percent identity of Borrelia
sequences obtained from this study ranged from 96.3 to 100%
(Supplementary Table S1A). BLASTn analysis of the 16S rRNA gene
showed that Borrelia sequences from this study (except HKK19) were
98–99% identity with the REP borreliae group, including Borrelia sp.
TA2 (AB529427) obtained from A. exornatum collected from a
Savannah monitor, Borrelia sp. tAG85 (AB529377) obtained from A.
geoemydae-infested turtle in Japan, B. turcica IST7 (CP028884) obtained
from H. aegyptium-infested tortoise in Turkey, Borrelia sp. in A. var-
anense (KU497718) obtained from a snake in Thailand and Borrelia sp.
BF16 (AB473538) obtained from A. trimaculatum-infested snake.
Furthermore, one Borrelia sequence from HKK19 showed 100% identity
with a partial sequence of Borrelia sp. in A. geoemydae (AB529435),
which was isolated from a turtle in Japan and had a 98% identity with
some species of the RF borreliae group, including B. hermsii strain MTW
(CP005680) and B. miyamotoi strain CT13-2396 (CP017126) (Table 3).

Phylogenetic tree based on the partial sequences of the borrelial 16S

rRNA gene revealed that most Borrelia spp. in this study (nine out of 10
sequences) clustered within the clade of the REP borreliae, whereas
Borrelia from HKK19 clustered with the RF borreliae. Borrelia from
PTN177, PTN926, NWT72, STN2, STN3 and SSK18 were grouped to-
gether and closely related to Borrelia sp. TA2 (AB529427). In contrast,
Borrelia from PK34 and PK37 formed a monophyletic group with
Borrelia sp. in A. varanense (KU497718) and Borrelia sp. in BF16
(AB473538). While, Borrelia from STN357 clustered in the same clade
as B. turcica IST7 (CP028884) and Borrelia sp. tAG85 (AB529377). On
the contrary, Borrelia from HKK19 was closely related to Borrelia sp. in
A. geoemydae (AB529435) and these sequences formed sister clade to B.
miyamotoi strain CT13-2396 (CP017126) and B. theileri strain KAT
(KF569941) of the RF borreliae group (Fig. 1).

3.3.2. flaB
Multiple sequence alignment of the flaB gene revealed that 10

Borrelia sequences obtained from this study shared 75.7–100% identity
among themselves. The percent identity among nine sequences and
Borrelia from HKK19 ranged from 75.7 to 83% (Supplementary Table
S1B). BLASTn analysis of the flaB gene revealed that the nine sequences
(except HKK19) showed 85–99% with Borrelia from the REP group.
While, Borrelia sequence obtained from HKK19 showed 100% identity
with a partial sequence of Borrelia sp. in A. geoemydae (AB529429) and
92% identity with B. parkeri strain HR1 (CP007022) and B. miyamotoi
strain CT13-2396 (CP017126) from the RF borreliae group (Table 3).

For phylogenetic result based on the partial sequences of the bor-
relial flaB gene, most of the sequences clustered within the clade of REP
borreliae, while the Borrelia from HKK19 clustered with the RF group
(Fig. 2).

3.3.3. glpQ
Three of borrelial glpQ-PCR products (NWT72, PK34 and STN357)

were not successfully sequenced and the presence of Borrelia spp. of the
glpQ gene was not detected in STN2, STN3 and PK37. Multiple sequence
alignment of the glpQ gene (four of them) revealed that the percent
identity within Borrelia sequences obtained from PTN177, PTN926 and
SSK18 ranged from 99.2 to 99.6% and showed 86–88% identity with
the REP borreliae group. The percent identity among three sequences
and Borrelia from HKK19 ranged from 67.1 to 67.7% (Supplementary
Table S1C). A sequence of Borrelia obtained from HKK19 showed 100%
identity with a partial sequence of Borrelia sp. in A. geoemydae
(AB529433) and showed 89% identity with the RF borreliae group of B.
miyamotoi strain CT13-2396 (CP017126) (Table 3).

Phylogenetic tree based on the partial sequences of the borrelial
glpQ gene (Supplementary Fig. S1) was consistent with the phylogenetic
tree based on the partial sequences of 16S rRNA gene. Phylogenetic tree
analyses confirmed that most of Borrelia spp. characterized in this study
(except HKK19) clustered together with the clade of REP borreliae,
whereas Borrelia from HKK19 clustered in the clade of the RF borreliae.

3.3.4. groEL
For the groEL genes, 10 representative positive sequences from a

total of 20 positive ticks were also submitted to GenBank database.
Multiple sequence alignment of the groEL gene revealed that nine
Borrelia sequences obtained from this study (except HKK19) shared
82.4–100% identity among themselves. The percent identity among
these sequences and Borrelia sequence from HKK19 ranged from 83.4 to
85.4% (Supplementary Table S1D). BLASTn analysis of the groEL gene
revealed that nine sequences (except HKK19) showed 89–91% identity
with Borrelia from the REP group. While, one Borrelia sequence ob-
tained from HKK19 showed 92–93% identity with Borrelia from the RF
group (Table 3).

Phylogenetic tree based on the partial sequences of the borrelial
groEL gene also confirmed that most Borrelia spp. from this study
clustered within the clade of REP borreliae. Interestingly, for this gene,
Borrelia from PK34 and PK37 collected from Burmese pythons and
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Borrelia from STN357 collected from an elongated tortoise were
grouped together in the same clade (Fig. 3). HKK19 Borrelia also clus-
tered within the same clade of RF borreliae.

3.3.5. gyrB
The presence of Borrelia spp. of this gene was not detected in

PTN177, PTN926, NWT72 and STN357. Multiple sequence alignment of
the gyrB gene (six of them) revealed that the percent identity within five

Table 3
Percent identity of each borrelial gene in this work with BLAST search.

Tick code BLAST result with percent identity and accession number

16S rRNA flaB glpQ groEL gyrB

PTN177 Borrelia sp. TA2 (98%)
(AB529427)

Borrelia sp. TA2 (87%)
(AB529428)

Borrelia sp. tAG85 (88%)
(AB529403)

B. turcica (90%)
(CP028884)

–

PTN926 Borrelia sp. TA2 (99%)
(AB529427)

Borrelia sp. TA2 (88%)
(AB529428)

Borrelia sp. tAG85 (88%)
(AB529403)

B. turcica (90%)
(CP028884)

–

NWT72 Borrelia sp. TA2 (98%)
(AB529427)

Borrelia sp. TA2 (87%)
(AB529428)

– B. turcica (90%) (CP028884) –

STN2 Borrelia sp. TA2 (99%)
(AB529427)

Borrelia sp. TA2 (87%)
(AB529428)

– B. turcica (91%)
(CP028884)

B. turcica (89%)
(CP028884)

STN3 Borrelia sp. TA2 (99%)
(AB529427)

Borrelia sp. TA2 (87%)
(AB529428)

– B. turcica (91%)
(CP028884)

B. turcica (89%)
(CP028884)

SSK18 Borrelia sp. TA2 (99%)
(AB529427)

Borrelia sp. TA2 (88%)
(AB529428)

Borrelia sp. tAG85 (88%)
(AB529403)

B. turcica (91%)
(CP028884)

B. turcica (89%)
(CP028884)

PK34 Borrelia sp. in A. varanense (99%)
(KU497718)

Borrelia sp. in A. varanense (99%)
(KT758064)

– B. turcica (89%)
(CP028884)

Borrelia sp. BF16 (99%)
(AB473534)

PK37 Borrelia sp. in A. varanense (99%)
(KU497718)

Borrelia sp. in A. varanense (99%)
(KT758064)

– B. turcica (89%)
(CP028884)

Borrelia sp. BF16 (99%)
(AB473534)

STN357 Borrelia sp. tAG85 (99%)
(AB529377)

Borrelia sp. tAG85 (98%)
(AB529323)

– B. turcica (89%)
(CP028884)

–

HKK19 Borrelia sp. in A. geoemydae
(100%)
(AB529435)

Borrelia sp. in A. geoemydae
(100%)
(AB529429)

Borrelia sp. in A. geoemydae
(100%)
(AB529433)

B. parkeri HR1 (93%)
(CP007022)

B. parkeri HR1 (90%)
(CP007022)

Fig. 1. Phylogenetic analysis of Borrelia spp. based on the partial sequences of the 16S rRNA gene using the maximum likelihood method calculated under the
HKY+G+ I substitution model. The phylogenetic tree was constructed by MEGA7. Bootstrap values were determined with 1000 replicates and supported more than
50% shown above the branches. Bold type indicates the sequences of this study.
( = water monitor, = Bengal monitor, = Burmese python and = elongated tortoise)
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Borrelia sequences (except HKK19) ranged from 74.5 to 100% and
showed 84–99% identity with the REP borreliae group. The percent
identity among five sequences and Borrelia from HKK19 ranged from
72.7 to 73.9% (Supplementary Table S1E). A sequence of Borrelia ob-
tained from HKK19 showed 89–90% identity with the RF borreliae
group, including B. parkeri strain HR1 (CP007022) and B. miyamotoi
strain CT13-2396 (CP017126) (Table 3).

Phylogenetic tree based on the partial sequences of the borrelial
gyrB gene (Supplementary Fig. S2) revealed the same trend of group as
the other phylogenetic trees (genes) from this study.

4. Discussion

In Thailand, Amblyomma-infesting reptiles have been reported in
several studies (Sumrandee et al., 2014a, b, 2015; Trinachartvanit
et al., 2016). Amblyomma ticks are potential vectors and carry several
tick-borne pathogens and endosymbionts, including Rickettsia, Ana-
plasma, Hepatozoon, Ehrlichia, Francisella and Borrelia spp. (Ogrzewalska
et al., 2019; Kho et al., 2015; Sumrandee et al., 2014b; Trinachartvanit
et al., 2016). In this study, Borrelia spp. were detected in three species
of Amblyomma ticks (A. helvolum, A. varanense and A. geoemydae) col-
lected from four reptile species (water monitors, Bengal monitors,
Burmese pythons and elongated tortoises) in six provinces of Thailand
(Pattani, Narathiwat, Satun, Uthai Thani, Chaiyaphum and Sisaket).

Amblyomma helvolum and A. geoemydae have been found para-
sitizing humans (Audy et al., 1960; Kadosaka et al., 2006) and REP
borreliae have been detected in reptiles (tortoises) and hard ticks
(Hyalomma, Amblyomma and Bothriocroton) (Guner et al., 2003, 2004;
Takano et al., 2010, 2011; Panetta et al., 2017). Trinachartvanit et al.

(2016) found Borrelia sp. infected A. varanense ticks from a reticulated
python in Lopburi Province, Thailand and it was closely related to the
REP borreliae group. Our studies showed that 15.7% (20/127) of Am-
blyomma ticks were positive for Borrelia bacteria. Thus, REP Borrelia
was detected in three species of Amblyomma ticks (A. helvolum, A.
varanense and A. geoemydae) while RF-related Borrelia was detected in
only one A. geoemydae. REP Borrelia detected in this study revealed a
higher DNA sequence identity within the same reptile host group more
than those Borrelia found in the different host groups. Our phylogenetic
analysis of the 16S rRNA showed the majority of samples clustered
within the REP clade. Similar results were consistently observed in the
phylogenetic trees of the flaB, glpQ, gyrB and groEL genes. Interestingly,
only the groEL gene from A. varanense collected from Burmese pythons
(PK34 and PK37) were identical to Borrelia sequence detected in A.
geoemydae collected from an elongated tortoise (STN357). This seems to
imply that groEL gene DNA sequence variations may be less dependent
on tick species/and or vertebrate hosts than the other genes evaluated
in our study. Though, more tick samples are needed for further in-
vestigation.

In Asia, the presence of the RF borreliae has been commonly found
in Central, Western and East Asia (Wang and Schwartz, 2010). Re-
cently, Borrelia was found in Haemaphysalis hystricis from Malaysia and
it was closely related to the RF group, including B. miyamotoi and B.
theileri (Khoo et al., 2017). Interestingly, we found one Borrelia obtained
from A. geoemydae (HKK19) collected from an elongated tortoise whose
partial sequence of 16S rRNA, flaB and glpQ was identical to Borrelia sp.
in A. geoemydae infested a turtle in Japan (Takano et al., 2012). These
Borrelia were closely related to the RF borreliae in all phylogenetic trees
in this study. Thus, our findings showed for the first time of the

Fig. 2. Phylogenetic analysis of Borrelia spp. based on the partial sequences of the flaB gene using the maximum likelihood method calculated under the T92+G
substitution model. The phylogenetic tree was constructed by MEGA7. Bootstrap values were determined with 1000 replicates and supported more than 50% shown
above the branches. Bold type indicates the sequences of this study.
( = water monitor, = Bengal monitor, = Burmese python and = elongated tortoise)
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presence of RF Borrelia in an A. geoemydae tick in Thailand. These re-
sults seem to suggest that RF borreliae have been distributed
throughout Southeast Asia. However, the pathogenicity of the RF Bor-
relia detected in an A. geoemydae from an elongated tortoise in our
study is still unknown. Furthermore, A. geoemydae feeding on humans
and exported reptiles have been reported (Kadosaka et al., 2006;
Simmons and Burridge, 2000), which cause a serious concern on the
distribution of pathogens by ticks. Additionally, the infection and the
impact of REP borreliae in animals and humans in Thailand is unknown
thus far.
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