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Abstract. Leishmania siamensis is newly described as the causative pathogen of
autochthonous leishmaniasis in Thailand. Potential vectors and animal reservoirs
of L. siamensis are not thoroughly studied. An environmental survey was carried
out in the affected area in two provinces in southern Thailand: Songkhla and
Nakhon Si Thammarat. Ninety-nine villagers, 378 sandflies, and potential animal
reservoirs were examined. Leishmania DNA amplicon was identified in two species
of female sandflies, Sergentomyia (Neophlebotomus) and Sergentomyia (Parrotomyia)
barraudi. The DNA amplicon was also identified in black rats (Rattus rattus). A
phylogenetic tree of confirmed patients, sandflies and black rats fell into a single
clade and separate from other Leishmania species. This study showed the poten-
tial involvement of R. rattus and Sergentomyia (Neophlebotomus and Parrotomyia)
sandflies in transmission of L. siamensis.
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INTRODUCTION

The number of reported cases of au-
tochthonous leishmaniasis in Thailand
has been rising in recent years. The novel
Leishmania species, L. siamensis, was de-
scribed as the causative agent in four re-
cent reports (Sukmee et al, 2008; Suankra-
tay et al, 2010; Bualert et al, 2012; Chusri
et al, 2012). The phylogenetic tree of this
new species is closely related to L. enrietti,
the new world species that distinctively
infects guinea pigs and is transmitted by
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Lutzomyia sandflies (Machado et al, 1994;
Bualert et al, 2012). Although L. siamensis
was previously reported as causing au-
tochthonous cutaneous equine (Miiller
et al, 2009) and bovine (Lobsiger et al, 2010)
leishmaniasis in central Europe - in ad-
dition to reports from Thailand (Sukmee
et al, 2008; Suankratay et al, 2010) — there
is only one study identifying Sergentomyia
(Neophlebotomus) gemmen as the potential
vectors of this disease (Kanjanopas et 4,
2013).

Environmental studies of the vectors
of Leishmania conducted in central, west-
ern, northern, and northeastern regions
of Thailand demonstrated distribution
of the three most predominant genera of
sandfly: Sergentomyia (Apiwathnasorn
et al, 1989), Phlebotomus (Polseela et al,
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2007), and Idiophlebotomus (Polseela et al,
2011a, b). A recent cross-sectional survey
of sandflies in three affected areas in
southern Thailand also demonstrated S.
(Neophlebotomus) gemmea was the most
predominant species in all areas (Sukra
et al, 2013). According to the reports of
autochthonous cutaneous and visceral
leishmaniasis in Songkhla and Nakhon Si
Thammarat in southern Thailand (Chusri
et al, 2012), an epidemiological investiga-
tion of vectors and animal reservoirs, as
well as an active human case finding, were
performed in August 2011. The objective
of this study was to increase knowledge
about the reservoirs and vectors of L.
siamensis that have emerged in southern
Thailand.

MATERIALS AND METHODS

Ethical considerations

The study on animals was carried out
according to the protocol approved by the
Institution Committee for Experimenta-
tion and Care of Research Animals of the
Bureau of Epidemiology, Department of
Disease Control, the Ministry of Public
Health, Thailand, and the study followed
the Ethical Principles and Guideline for
the Use of Animals (1999) of the National
Research Council of Thailand. Animal
facilities were supported by the Animal
Research Department of The Office of
Disease Prevention and Control 12, Song-
khla, which was officially established by
the Office of the National Committee for
Research Animal Development of the
National Research Council of Thailand
(NRCT). The human and animal proto-
cols for this study were approved by the
Research Ethics Committee of Prince of
Songkla University (Ref N° 56-037-14-
1-3; 2011 August 1). The villagers, the
homeowners, and the owners of animals
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provided writen informed consent after
explanation by the researchers.

Study setting

The study was conducted in Na Thawi
District (6° 44" 30” N, 100° 41" 30” E) lo-
cated in Songkhla Province and Sichon
District (8° 56" 59” N / 99° 48" 48" E) lo-
cated in Nakhon Si Thammarat Province
in southern Thailand. The affected area
within a radius of 500 meters from the
house of the confirmed cases consisted
of 50 houses and 201 residents. Approxi-
mately 90% of the area is rubber planta-
tion. The climate is characterized into two
seasons: the dry season from March to
September and the monsoon season from
October to February. The temperature
range is 23-38°C and the average rainfall
is 2,093 mm. The relative humidity is ap-
proximately 79% (36-92%).

Conduct of study

Active human case surveys were
carried out among 99 villagers who live
within the affected area by collecting in-
formation on present and past histories,
and physical examinations. Samples,
including 10 ml venous blood, 5 ml
saliva specimen, and 5 ml urine, were
collected from villagers for laboratory
investigation. Blood samples of animals
in the affected area-including 28 dogs,
20 cats, 30 black rats (Rattus rattus), and
3 Indochinese ground squirrels (Menetes
berdmorei) were collected, while liver and
spleen samples were collected only from
black rats and squirrels. There were no
domestic animals, such as cows or horses,
which are known to be hosts of Leishmania
species in this area.

The CDC Miniature Light Traps
(Model 512) were used to collect sandflies
for two consecutive months, August and
September 2011. The collection was done
indoors and outdoors from 6:00 pm to
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6:00 aM. Sandflies were trapped from the
villagers” houses, and plantation. Species
identification was performed at the Office
of Disease Prevention and Control 12.
Reservoirs were identified and separated
by sex in a field laboratory. Sandflies
were stored in 75% ethanol and mounted
in Hoyer’s medium for species identifi-
cation. All samples and sandflies were
sent to the Department of Parasitology,
Chulalongkorn University for Leishmania
parasite detection and sandfly species
confirmation. Genus and species identifi-
cation was performed using Lewis’s key
(Lewis, 1987).

Leishmania species identification

The Leishmania species were identified
using 185 rRNA gene primer set described
by Spanakos et al (2008), and by nucleotide
sequences of the amplified PCR products
of the internal transcribed spacer 1 (ITS1)
region of the rRNA gene. PCR amplicons
were cloned into TA-cloning vectors
pTZ57R/T (InsTAclone™ PCR Cloning
Kit; Fermentas, MD) according to the
manufacturer’s protocol. The recombi-
nant plasmid DNA was extracted using
the FastPlasmid™ Mini Kit (Eppendorf,
Hamburg, Germaney). Plasmid DNA
sequencing was performed using the
M13F (-20) primer (5 GTAAAACGACG-
GCCAGT 3’) (1%t Base Laboratories, Se-
langor, Malaysia). Nucleotide sequences
were analyzed using BioEdit Sequence
Alignment Editor® (ver 7.1.3; Ibis Biosci-
ence, Carlsbad, CA) (Hall, 1999), and the
consensus sequences were searched for
species identification through the Basic
Local Alignment Search Tool (BLAST™)
(National Library of Medicine, 2011). A
phylogenetic tree was constructed by
using a maximum-likelihood phylo-
genetic tree and Kimura 2-parameters
model (K2P) for nucleotide substitution
in MEGA 5, evaluated by the bootstrap
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test (1,000 pseudoreplicates). The best-
fitting model of nucleotide substitution
was investigated using the MODELTEST
function of the MEGA 5 program (Tamura
et al, 2011).

RESULTS

History reviews and physical ex-
aminations of the villagers showed no
evidence that could be attributed to leish-
maniasis, and PCR assays were negative
for Leishmania DNA in the blood samples
of the subjects. None of animals in the
affected area (dogs, cats, black rats, and
squirrels) had clinical manifestations com-
patible with leishmaniasis. The samples
(blood, liver and spleen) of two black
rats collected from Na Thawi District of
Songkhla Province tested positive for
Leishmania DNA amplicon size 379 bp,
which had close similarity to L. siamensis
(Fig 1).

Three hundred seventy-eight female
and 110 male sandflies were captured.
Field-captured sandflies were classified
into two species: S. (Neophlebotomus)
gemmea (465, 95.2%) and S. (Parrotomyia)
barraudi (23, 4.8%). Sandflies were pooled
into nineteen pools (1-7 flies/pool) and
were tested for Leishmania DNA. Only one
pool of female S. (Neophlebotomus) gem-
mea and female S. (Parrotomyia) barraudi
from Na Thawi District tested positive
for Leishmania DNA amplicon size 379 bp
(Fig 2). The ITS2 sequences of Leishmania
amplified from sandflies collected from
Na Thawi District of Songkhla Province
also had close similarity to L. siamensis
ITS2 sequences obtained from the patient
and black rats (Fig 3).

A phylogenetic tree was constructed
using the ITS1 region of the rRNA gene
sequences of L. siamensis from a patient,
black rats, and sandflies, and sequences of
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Fig 1-PCR amplification of the ITS1 region of
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the rRNA gene of L. siamensis from the liv-
er and spleen of black rats (lanes R1-R6),
Lane M: 100 bp marker; lane N: negative
control and lane P: positive control using
DNA from cultured L. siamensis. Lanes R3,
R4: PCR amplification of the ITS1 region
of the rIRNA gene from 2 black rats.

Fig 2-PCR amplification of the ITS1 region of
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the rRNA gene of L. siamensis from pooled
female sandflies (lanes S1-S14). Lane M:
100 bp marker; lane N: negative control
and lane P: positive control using DNA
from cultured L. siamensis, Lanes S1-7 :
PCR amplification of the ITS1 region of
the rRNA gene from female S. (Neophle-
botomus) gemmea and lanes S 8-14 : PCR
amplification of the ITS1 region of the
rRNA gene from female S. (Parrotomyia)
barraudi.

379 bp

this gene region from other Leishmania
species from GenBank. The tree shows
that L. siamensis falls into a single clade,
separate from other Leishmania species
(Fig 4).

DISCUSSION

This study identified black rats (R.
rattus) as the potential animal reser-
voir, and S. (Neophlebotomus) gemmea
and S. (Parrotomyia) barraudi as the
potential vector for L. siamensis.

For the reservoir of leishmaniasis,
animals kept around the house are
most important because they tend to
live peridomestically and possibly
rely on human waste (Abranches et al,
1998). Although black rats are not
described in the strict definition of the
reservoir host (Ashford, 1997), this
study showed that they might be one of
the foci of infection if potential vectors
are present. Similar to the study of L.
tropica infection in black rats, collected
rats in this study did not have any ap-
parent cutaneous lesions (Svobodova
et al, 2003). Leishmania parasites are
usually obtainable from blood and
visceral organs of asymptomatic rats
(Aljeboori and Evans, 1980). This study
also supported the potential transmis-
sion between vectors and asymptom-
atic reservoirs, previously reported in
L. chagasi and L. infantum infections
(Svobodovd et al, 2003).

Sandfly species is suspected as
the vector of Leishmania parasites
when the species is predominant and
has anthropophilic behavior (Sukra
et al, 2013). Although the surveys of
sandflies in Thailand showed the
predominant species was Phlebotomus
(Apiwathnasorn et al, 1993), in this
study all the field-captured sandflies
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Fig 3-Comparison of ITS1 gene sequences of L. siamensis amplified from a patient (JQ001751.1), a
black rat (JQ866906.1) and a sandfly (JQ866907.1).

of human biting, and

o were naturally infected
FN677356.1 (L. aethiopica)

™ FN677345.1 (L. tropica) by human Leishmania
B4 | FN677343.1 (L tropica) (Lawyer et al, 1990).
57 FN677355.1 (L. aethiopica) In this study, the se-

FN677357.1 (L. major)
95 L FN677342.1 (L. major)

DQ182536.1 (L. amazonensis)
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621 FN677363.1 (L. donovani)

JQ866907.1 (L. siamensis from sandfly)
4 4‘94 JQ001751.1 (L. siamensis from patient)
671 JQ866906.1 (L. siamensis from black rat)

JQ397604.1 (L.braziliensis)
DQ182541.1 (L. guyanensis)

quencing of nucleotide
sequences of the 18S
rRNA gene and the ITS1
region of the rRNA gene
extracted from sand-
flies were identical to
those from the reported
patients. Similar to the
recent study in Trang

DQ182537.1 (L. braziliensis)
DQ182540.1 (L. guyanensis)

84 |- DQ182542.1 (L. lainsoni)

Province, one of the af-
fected areas in southern
Thailand, which also

DQ182543.1 (L. naiffi )

identified S. (Neophle-
botomus) gemmea as a
—

0s potential vector of leish-
maniasis with this iden-
tical gene (Kanjanopas
et al, 2013). Taken to-
gether, the data suggests
that S. (Neophlebotomus)

EU861192.1 Trypanosomagi lewisi

Fig 4-A phylogenetic tree was constructed using a maximum-
likelihood phylogenetic tree and Kimura 2-parameters model
(K2P) for nucleotide substitution in MEGA 5, evaluated by the
bootstrap test (1000 pseudoreplicates).

were Sergentomyia (Neophlebotomus and
Parrotomyia) species. Our results are simi-
lar to a recent report on the distribution
of sandflies in affected areas in southern
Thailand (Sukra et al, 2013). Previous stud-
ies showed anthropophilic behaviors of
the Sergentomyia species, including reports
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gemmea and S. (Parrotomyia) barraudi might
be potential vectors for L. siamensis.

The following findings in this study
supported L. siamensis infection as a po-
tential zoonotic disease. First, the phylo-
genetic analysis of L. siamensis is closely
related to L. enrietti, the zoonotic leish-
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maniasis infection in guinea pigs (Tamura
et al, 2011). Second, S. (Neophlebotomus)
gemmea and S. (Parrotomyia) barraudi that
were identified as the potential vectors
are recognized as a human and animal
biting sandflies (Apiwathnasorn et al,
1993). Third, L. siamensis ITS2 sequences
from infected patients, potential animal
reservoirs, and sandfly vectors had very
close similarity.

This study had several limitations.
First, there was no previously demon-
strated reservoir animals including horses
and cattle in the study site. Second, the
study was conducted during a short pe-
riod, there was a possibility of different
species distribution in this area. Third, we
were not able to provide data if sandflies
were blood fed or not. Last, this study was
unable to demonstrate live L. siamensis in
reservoirs and vectors because organism
isolation by conventional culture was
negative.

With the increasing number of pa-
tients with autochthonous leishmaniasis,
involving L. siamensis in addition to the
presence of naturally infected animal
reservoirs and sandfly vectors and the
potential to be a zoonotic disease, leish-
maniasis has the potential to increase in
Thailand. Further study of specific vector
and animal reservoir control is needed for
appropriate management.
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