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Abstract

Project Code : MRG5680085

Project Title : Genetic Variation of High Susceptible and Low Susceptible snail intermediate
host Neotricula aperta, from Mekong River, Nong Khai to Blood Fluke Schistosoma mekongi
Investigator : Dr. Yanin Limpanont

Institute: Faculty of Tropical Medicine, Mahidol University

E-mail Address : yanin.lim@mabhidol.ac.th

Project Period : 2 years

Mekong Schistosomiasis is caused by Schistosoma mekongi which the snail Neotricula aperta
is the intermediate host. Thailand is not endemic area of Mekong schistosomiasis however,
the snail intermediate host has been abundantly found. The habitats of N.aperta in Thailand
were previously reported in Mun and Mekong River only in Ubon Ratchathani Province. This
study reports new habitat of N. aperfa (gamma strain) from Mekong River in Nong Khai
Province, 130 km upstream from previous reported habitat in Ubon Ratchathani Province. While
the habitats of N.aperta in Ubon Ratchathani Province are under the natural rocks located on
the islet of the middle of Mekong River, N.aperta in Nong Khai inhabited under the rockfill dam
used for river bank soil erosion prevention. The risk of schistosomiasis transmission may
increase due to common daily activities of people like fishing, swimming and any other activity
involving water contact occur in those area. Moreover, the transportation and migration of
people from Laos where the prevalence of Mekong schistosomiasis was reported may be the
potential role to introduce the disease especially if good sanitation practice of the migrants was
not adequate. N.aperta collected from 4 districts ie. Ban Mo, Pone Sa, Viangkuk and Ban
Daue, Nong Khai were checked for natural infection by shedding method. The tested snail did
not shed any Schistosome cercaria. We concluded that there is no S.mekongi natural infection
in N.aperta population from Nong Khai. The snails from each sampling site were measured for
shell length. The susceptibility of N. aperta from Nong Khai to Schistosoma mekongi was
tested in laboratory and the infection rate also reported. The snails from Ban Mo district were
divided into 2 groups due to the different of their sizes (large and small). Therefore total 5
groups ie. 1. Ban Mo (small), 2. Ban Mo (large), 3. Pone Sa, 4. Viangkuk and 5. Ban Daue
were infected with S.mekongi miracidium stage.  %Susceptibility of N.aperta were calculated

from the number of infected snails that release cercaria after exposed with light source divided



by the total number of infected snails. %Susceptibility was vary from 1.9-77.5%. The highest
was found in the snails from Ban Mo (small) (77.5%) followed by Ban Daue (70.5%), Viangkuk
(26%), Pone Sa (16.5%) and Ban Mo (large) (1.9%) respectively. The susceptibility of N.aperta
from Nong Khai province in this study was higher than the report from Ubon Ratchathani
Province. The S.mekongi-positive and negative snails from each sampling site will be grouped
into susceptible and resistant groups. The genetic variation among susceptible and resistant
groups from different sampling sites were evaluated by sequencing of Cytochrome oxidase
subunit | (COIl) genes. The susceptible snail (sheded cercaria) and the resistant snail (not
shedded cercaria) did not show difference of COl. However the snails from Pone Sa and Ban
Mo (large) which had lower infection rate (<20%) was grouped in same cluster apart from
others. The COI gene and morphology may useful to identify the high and low susceptibility

N.aperta strains to S.mekongi infection.

Keywords : Neotricular aperta, Mekong River, Nong Khai, Blood fluke Schistosoma mekongi
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Genetic Variation of High Susceptible and Low Susceptible snail intermediate host

Neotricula aperta, from Mekong River, Nong Khai to Blood Fluke Schistosoma mekongi

Introduction

Mekong Schistosomiasis is caused by Schistosoma mekongi which the snail Neotricula
aperta is the intermediate host. Clinical signs and symptoms of Mekong schistosomiasis are
cachexia, hepatosplenomegaly, stunting and retardation of puberty, decompensation of portal
hypertension with ascites and rupture of esophageal varices. Esophageal bleeding is usually
the cause of death (Urbani et al, 2002). All known endemic areas lie along the Mekong river
and include Champassac Province, of southern Laos, and Cambodia north of Kratié (Attwood et
al, 2001; Muth et al., 2011). Although the prevalence of Mekong schistosomiasis was not found
in Thailand, the natural snail intermediate host, Neotricula aperta gamma strain, was known that
inhabit in Mekong River Basin in Ubon Ratchathani. Moreover, Asian Economic Community
(AEC) will start in 2015. Then, people movements across the border will be enormous. It is
known that S. mekongi is reported in Laos PDR. Therefore the survey of N.aperta along
Mekong River, especially Thai-Lao border is needed in order to develop monitoring strategy of

Mekong schistosomiasis in Thailand.

From the review of Attwood and Upatham (2012), N. aperta is found only in shallow
areas (typically 0.5 to 3 m deep) of the lower Mekong River and some of its tributaries ranging
from Ban Sabouxai, Suvannakhet Province, Laos, to Ban Dan, Ubon Ratchathani Province,
Thailand. However the recent annual snail survey of Department of Social and Environmental
Medicine revealed that the habitats of N. aperta Y strains were also found in upstream of
Mekong River Basin in Nong Khai where never been reported before. It is obvious that some of

N. aperta habitats were disrupted area from human intervention or human activities which may



alter the ecological balance of intermediate host habitats. Some of N. aperta habitats found in
the survey may able to increase the risk of disease transmission because the common daily
activities of people like fishing, swimming and any other activity involving water contact occur in
those area. Moreover, the transportation and migration of people from Laos where the
prevalence of Mekong schistosomiasis was reported may be the potential role to introduce the

disease especially if good sanitation practice of the migrants was not adequate.

Even tough, the region of Thailand is not endemic area of Mekong schistosomiasis but
where the potential intermediate host has been abundantly found. The surveillance of the
natural infection in snail intermediate host N. aperta together with the laboratory susceptibily to
S. mekongi should be conducted to understand the potential of N.aperta inhabit in Thailand

regions of Mekong River to act as an intermediate host of the disease.

There are several reports indicated the different of susceptibility level of N. aperta to
Schistosoma mekongi but most of them focus on the snail population in Mekong River Basin in
Cambodia and Laos (Shimada et al, 2007; Attwood et al, 1997). The susceptibility of N. aperta

was tested only by laboratory infection which took more than 1 month.

In this study, the natural and laboratory S. mekongi infection of N. aperta inhabit in
Nong Khai will be evaluated to determine the susceptibility level and we also try to define the
genetic variation between high susceptibility and low susceptibility of N. aperta population to S.
Mekongi by comparing DNA sequence of mitochondrial cytochrome-c oxidase subunit 1 (CO1)
and mitochondrial 16s rRNA gene of N. aperta which may use as a marker for S. mekongi

susceptibility in the future surveillance.



Objective

1. To examine the susceptibility of Netricula aperta gamma-strain collected from Nong Khai,
along Mekong River to S. mekongi
2. To determine the informative loci as a marker for detection of susceptibility in N. aperta to S.

mekongi

Methodology

1. Sampling site identification

Approximately three sampling sites of N. aperta will be chosen from the shore along

Mekong River in Nong Khai. The criteria of sampling site selection will depend on:

- The characteristic of the suitable area for snail habitat. N. aperta is exclusively epilithic
or epixylic (on rotting wood), found only in shallow areas (typically 0.5 to 3 m deep) of the
Mekong River and some of its tributaries. The snails are restricted to areas where the current
is moderate (around 2 x 103 m3s_1), clear and the bed rock forms (almost flat) platforms where
algal aufwuchs is extensive. The islet on the middle of the river or the bank of the river are the

good place for snail habitat.

- The area where the transmission of the disease might occur such as immigration at
Thai-Laos border, area that has water contact activity (swimming, laundry areas) and boat

mooring.
2. Collection of N. aperta

The stones or rotten wooden sticks will be picked up from the Mekong River and search
for the colonies of N. aperta. Small brushes and forceps were used to remove snails from
stones found in the river. The sampling areas will be recorded by GIS. The snails will be
maintained in plastic thermos with 24 hr-aeration until sent to laboratory at the Department of
Social and Environmental Medicine, Faculty of Tropical Medicine Mahidol University, Bangkok,

Thailand.



3. Detection of S. mekongi natural infection in N. aperta

One week after collection, the snails will be examined for the natural infection of S.
mekongi. The snails will be exposed to white light for 2 hr and examined for the shedding of
furcocercous cercariae (lacking eye spot) which are judged as a sign of a patent infection with

S. mekongi.

4. Laboratory infection of N. aperta with S. mekongi

S.mekongi originally isolated from a positive dog taken from Khong Island, Laos in 1970.
N. aperta was maintained as an intermediate host and ICR mice as the definitive host in Applied
Malacology Laboratory, Department of Social and Environmental Medicine, Faculty of Tropical
Medicine. ICR mice were anesthetized by intraperitoneal injection with 5% pentobarbital sodium
(Abbot Laboratories, USA) 40 mg/kg and cercariae were applied to the abdominal skin for 1 hr.
Infected mice were maintained in the Laboratory for at least 8 weeks before dissection. To
collect the miracidia for infect the snail, liver and intestine were excised from ICR mice and the
organs were cut into pieces and homogenized in a Waring blender. Samples were suspended
in normal saline, allowed to precipitate and then transferred to distilled water and exposed to
fluorescent light. Hatched miracidia were collected with a micropipette, counted under a
dissecting microscope. Then 200 N. aperta Y-strain snails from each sampling sites will be
individual exposed with 5 miracidia. Exposed N. aperta were reared in aerated filtered water in
the dark room. From week 6 until week 8, the snails were exposed to light for 2 h
weekly for shedding of cercariae. The emerging cercariae were counted under a dissecting.

The infective rate of each sampling sites will be recorded.

5. DNA amplification and sequencing

After the laboratory infection, the snails from each sampling sites will be divided into
high susceptible (positive of infection) and low susceptibility (negative of infection). The snails

were gently crushed and the body separated from the shell. The gut and digestive gland were



removed and DNA extracted from the remainder by standard methods. Selected DNA
sequences were amplified by polymerase chain reaction (PCR). Amplification of a section of
the coding region of the mt cytochrome-c oxidase subunit 1 (CO1) was achieved with the
universal primer (HCO-2198 and LCO-1490 primer pair) developed by Folmer et al (1994),
following the recommended cycling conditions. Part of the mt 16s rRNA gene was amplified

using the primers of Palumbi et al (1991).

Total genomic DNA was used as a template for PCR amplification using standard PCR
conition. Sequences were determined directly from the PCR template by thermal cycle
sequencing. Sequences from high susceptibility and low susceptibility snails were assembled

and aligned using CLUSTAL W program.

Results

N.aperta habitat

The survey of N.aperta habitat performed in May 2013 was unable to collect any snails.
The high level of Mekong River is the important obstacle for survey team to reach the snail’s
habitat which is under the rock in Mekong River (Figure 1A). The water level was higher than
average water level recorded from Mekong commission. The current was strong and turbid

which may caused by the high precipitation rate in that year and the water from Chinese dam.

The second attempt to collect the snails from Nong Khai was done in dry season during
21-25 April, 2014 (Figure 1B). The water level was 1.96-2.0 meters. In that time, the survey
team was able to pick up the rock under the water and observed for N. aperta. N.aperta
attached on the below side of the rock. The snails were collected by brush and kept in plastic
bowl with aeration until went back to laboratory. The sampling site in May 2013 and in April
2014 is shown in table 1. We found total 4 locations (Table 2 & Figure 2) that could collect the

snails for laboratory infection. The water quality of each sampling sites was shown in table 3.



Most of water quality parameter in April 2014 was similar to those in May 2013 except water
turbidity. In May 2013 the turbidity was 48.5-60.5 NTU but decrease to 14.2-14.6 NTU in the

second survey in April 2014.

Figure 1 Water level of Mekong River, Nong Khai on 17 May 2013 (1A) and 23 April 2014
(1B).

Table 1 Sampling site on May 2013 and April 2014

Sampling Sub district District May 2013 April 2014
site

1 Ban Mo Si Chiang Mai + (N=4) +

2 Ban Mo Si Chiang Mai - -

3 Panprao Si Chiang Mai - -

4 Pone Sa Tha Bo + (N=10) +

5 Wiang Kuk Mueang Nong Khai - +

6 Ban Dua Mueang Nong Khai ND +

+ N.aperta was found - N.aperta was not found ND not determined



Table 2 Neotricula aperta sampling sites.

Sampling site Sub district District Province
1 Ban Mo Si Chiang Mai Nongkhai
2 Pone Sa Tha Bo Nongkhai
3 Wiang Kuk Mueang Nong Khai Nongkhai
4 Ban Dua Mueang Nong Khai Nongkhai

Figure 2 The location of Neotricula aperta habitat in Nong Khai, Thailand

@ Ban Mo, Si Chiang Mai district
® Pone Sa, Tha Bo district
(3] Wiang Kuk, Mueang Nong Khai district

O Ban Dua, Mueang Nong Khai district



Table 3 Water quality of Neotricula aperta habitats
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N.aperta in site 1 (Ban Mo, Si Chiang Mai district), 2 (Pone Sa, Tha Bo district) and 3
(Wiang Kuk, Mueang Nong Khai district) inhabited under the rockfill dam used for river bank
soil erosion prevention. While N.aperta in site 4 (Ban Dua, Mueang Nong Khai district) were
found under small natural rock near the river bank. Figure 3-6 showed the sampling sites of

N.aperta.



Figure 3  Site @ Ban Mo, Si Chiang Mai district

Figure 4  Site O Pone Sa, Tha Bo district



Figure 5 Site © Wiang Kuk, Mueang Nong Khai
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Figure 6 Site O Ban Duae, Mueang Nong Khai



N.aperta characteristics

N.aperta collected from all sampling sites in Nong Khai were identified as gamma race
based on their morphology and molecular identification. The unique character of gamma race
is having 4 black pigment spots on the mantle which clearly seen. The average shell length of
the snails varied in different sampling sites from 1.09 - 3.53 mm. The snails from Ban Mo (site
1) were divided into 2 types depended on their size and their color. The snail pictures were

demonstrated in Figure 7-11.
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Figure 7 Neotricula aperta from Ban Mo Type 1 (small)

Figure 8 Neotricula aperta from Ban Mo Type 2 (large)
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Figure 9 Neotricula aperta from Pone Sa

Figure 10  Neotricula aperta from Viangkuk
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Figure 11  Neotricula aperta from Ban Duae

The average shell length of the snails in each group are significant different (p<0.05).

The smallest snail was from site 1 Ban Mo (small) (1.60+0.23) mm followed by site 3 Viangkuk
(1.90+40.27), Site 4 Ban Duae (2.50+0.28), site 1 Ban Mo (large) (2.69+0.32) and site 2 Pone

Sa (3.03+0.34), respectively. Shell length of N.aperta was shown in Table 4 and Figure 12.



Table 4 Shell length (mm) of N.aperta collected from Nongkhai

Std.
Group Mean N Deviation Minimum Maximum
Site 1 Ban Mo type 1 1.6027 100 22706 1.09 2.35
Site 1 Ban Mo type 2 2.6905 100 .32002 2.02 3.44
Site 2 Pone Sa 3.0316 100 .33835 2.02 3.53
Site 3 Vieangkuk 1.8992 100 .27380 1.34 2.69
Site 4 Ban Daue 2.5015 100 27759 1.68 3.1
Total 2.3451 500 59745 1.09 3.53

Figure 12 Average shell length (mm) of N.aperta collected from Nongkhai.




Laboratory infection of N. aperta with S. mekongi

After the snails were infected with S.mekongi miracidium, the snails were stimulated for
cercariae shedding every week after 43 days of infection. The snails from each sampling site
showed different susceptibility to the infection and mortality. %Susceptibility of N.aperta were
calculated from the number of infected snails that release cercaria after exposed with light
source divided by the total number of infected snails. %Susceptibility varied from 1.9-77.5%.
The highest was found in the snails from Ban Mo (small) (77.5%) followed by Ban Daue
(70.5%), Viangkuk (26%), Pone Sa (16.5%) and Ban Mo (large) (1.9%) respectively (Table 5 &
Figure 13). The earliest cercaria shedding was found within 50 days in the snail from site 1
(type 1, small) .While the snails from site 1 (type2, large) started releasing cercaria after 169
days (Figure 14). The onset and duration of cercaria shedding were shown in Figure 14.

Mortality rate was shown in Table 5 and Figure 15.

Table 5 %Susceptibility of N.aperta from Mekong River, Nong Khai to S.mekongi infection
compared with N.aperta from Ubon Ratchathani Province and %mortalrity of N.aperta after 180

days of infection

Strain Location %Mortality % Susceptible
gamma Ban Mo, Nongkhai, Type 1 (small) 9.5 77.5
gamma Ban Mo, Nongkhai,Type 2 (large) 457 1.9
gamma Pone-Sa, Nongkhai 47 16.5
gamma Viangkuk, Nongkhai 37 26
gamma Ban Daue, Nongkhai 21.5 70.5
*alpha Khammarat, Ubon Ratchatani - 2.7
*gamma Khammarat, Ubon Ratchatani - 20
*beta Pibun Mungsahan, UR - 58.5

* Upatham et al. 1980
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Figure 14 Onset and duration of cercaria shedding period
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Figure 15 Mortality rate of the snails after infected with S.mekongi miracidia.

COlI gene sequencing and phylogenetic analysis

Total 43 samples of N.aperta from Ban Mo Type 1 (small), Ban Mo Type 2 (large),
Pone-Sa, Viangkuk and Ban Daue were grouped to positive or negative-cercaria shedding
snail. The size of COIl sequences ranged from 679-686 bp. Phylogenetic trees (Figure 16)
were prepared by Neighbor-Joining method. The positive (susceptible) and negative (resistant)
snails did not show the different of COIl sequences. However the snails from Pone Sa and Ban
Mo (large) which had lower infection rate (<20%) was grouped in same cluster apart from

others.
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Figure 16 Evolutionary relationships of N.aperta from Nong Khai

The evolutionary history was inferred using the Neighbor-Joining method. The optimal tree with
the sum of branch length = 0.14883401 is shown. The tree is drawn to scale, with branch
lengths in the same units as those of the evolutionary distances used to infer the phylogenetic
tree. The evolutionary distances were computed using the Maximum Composite Likelihood
method and are in the units of the number of base substitutions per site. The analysis involved
49 nucleotide sequences. Codon positions included were 1st+2nd+3rd+Noncoding. All positions
containing gaps and missing data were eliminated. There were a total of 553 positions in the

final dataset. Evolutionary analyses were conducted in MEGAG.



Discussion and Conclusion

We concluded that there is no S.mekongi natural infection in N.aperta population from
Nong Khai. However, the susceptibility of N. aperta from Nong Khai to Schistosoma mekongi
was proved in laboratory and also reported the infection rate range from 1.9-77.5%. The
previous studies indicate the infection rate of N.aperta was highest in beta strain from Pibun
Mungsahan, Ubon Ratchathani Province which is 58.5%. While the infection rate of alpha
strain from Khammarat, Ubon Ratchathani is 2.7% and gamma strain from Khammarat, Ubon
Ratchathani is 20%. The high infection rate of N.aperta from Nong Khai suggested that we
should concern the possibility of disease transmission in Nong Khai in addition to only in Ubon
Ratchathani. The S.mekongi-positive and negative snails from each sampling site will be
grouped into susceptible and resistant groups. The genetic variation among susceptible and
resistant groups from different sampling sites were evaluated by sequencing of Cytochrome
oxidase subunit | (COIl) genes. The susceptible snail (sheded cercaria) and the resistant snail
(not shedded cercaria) did not show difference of COI. However the snails from Pone Sa and
Ban Mo (large) which had lower infection rate (<20%) was grouped in same cluster apart from
others. The COI gene and morphology may useful to identify the high and low susceptibility

N.aperta strains to S.mekongi infection.

Recommendation for future research

The future studies on genetic variation of susceptible and resistant snails by compare

other gene or other methods may useful for expand our knowledge on the informative loci as a

marker for detection of susceptibility in N. aperta to S. mekongi
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Distribution of Neotricula aperta (Gastropoda Pomatiopsidae), the snail host of Mekong
schistosomiasis in the Mekong River Basin, Thailand and their susceptible to Shistosoma mekongi

Yanin Limpanont®, Kamolnetr Okanurak®, Phiraphol Chusongsang®, Yupa Chusongsang®, Prasasana
Charoenjai', Jareemate Limsomboon®, Oranuch Sanpool?, Worasak Kaewkong?, Pewpan M. Intapan?,
Penchom Janwan?, Lakkhana Sadaow?, Wanchai Maleewong2

1, Faculty of Tropical Medicine, Mahidol University, Bangkok Thailand
2, Faculty of Medicine, Khon Kaen University, Khon Kaen 40002, Thailand

3, School of Allied Health Sciences and Public Health, Walailak University

Mekong Schistosomiasis is an important waterborne parasitic disease caused by blood fluke
Schistosoma mekongi. Neotricula aperta, the snail intermediate host of S. mekongi are found in
lower Mekong region in Cambodia, Laos and Thailand. The habitats of N.aperta in Thailand were
previously reported in Mun and Mekong River only in Ubon Ratchathani Province. In this study
N.aperta were obtained from Mekong River at 1) Khammarat district, 2) Kong Jeum district, Ubon
Ratchathani Province, 3) Si Chiangmai district, Nong Khai Province and from Mun River at 4) Pibun
Mungsahan district, Ubon Ratchathani Province during 2010-2012. Conventional morphological
method and molecular method using partial DNA sequences of mitochondrial cytochrome-c oxidase
subunit 1 (cox1) were used to identify N.aperta. N. aperta (beta strain) were found in the Mun River
while N. aperta (gamma strain) were found in the Mekong River. This study reports new habitat of
N. aperta (gamma strain) from Mekong River in Nong Khai Province, 130 km upstream from previous
reported habitat in Ubon Ratchathani Province. While the habitats of N.aperta in Ubon Ratchathani
Province are under the natural rocks located on the islet of the middle of Mekong River, N.aperta in
Nong Khai inhabited under the rockfill dam used for river bank soil erosion prevention. The
susceptibility of N. aperta from Nong Khai to Schistosoma mekongi was tested in laboratory and the

infection rate also reported.

This research was funded by Thailand Research Fund grant number MRG5680085 and TRF Senior
Research Scholar Grant number RTA5580004 and partially supported by the ICTM grant of the
Faculty of Tropical Medicine.
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A New Population and Habitat for Neotricula aperta in the Mekong River of Northeastern
Thailand: A DNA Sequence-Based Phylogenetic Assessment Confirms Identifications
and Interpopulation Relationships

Yanin Limpanont, Phiraphol Chusongsang, Yupa Chusongsang, Jareemate Limsomboon, Oranuch Sanpool,
Worasak Kaewkong, Pewpan M. Intapan, Penchom Janwan, Lakkhana Sadaow, and Wanchai Maleewong*
Faculty of Tropical Medicine, Mahidol University, Bangkok, Thailand; Faculty of Medicine, Khon Kaen University, Khon Kaen, Thailand;
Faculty of Medical Science, Naresuan University, Phitsanulok, Thailand; School of Allied Health Sciences and Public Health,
Walailak University, Nakhon Si Thammarat, Thailand

Abstract.  Neotricula aperta (Gastropoda: Pomatiopsidae), the snail intermediate host of Schistosoma mekongi,
is found in Cambodia, Laos, and Thailand. We update information on the distribution of this species in the Mekong River
and its tributary, the Mun River, in Thailand. DNA sequences of a portion of the mitochondrial cytochrome c oxidase
subunit 1 were obtained from N. aperta collected from different locations and used to confirm species and strain identities.
Specimens of the 3-strain were found in the Mun River, whereas specimens of the y-strain were found in the Mekong River.
The y-strain (with molecular confirmation of identity) is newly reported from Nong Khai Province, where it occurred in a
habitat novel for this species: under paving slabs instead of under natural bed rocks, where agal aufwuchs is extensively
located on the islet in the middle of the Mekong River. The new location is approximate 400 km upstream from the nearest

previously known site for this species.

INTRODUCTION

Mekong schistosomiasis is an important waterborne parasitic
disease caused by the blood fluke Schistosoma mekongi. Focal
transmission of this disease is known from Khong Island,
Champassac Province, Lao People’s Democratic Republic
(PDR) and Kratié, Stung-Treng, and Rattanakiri Provinces,
Cambodia.! S. mekongi uses the freshwater snail Neotricula
aperta (family Pomatiopsidae, subfamily Triculinae) as an
intermediate host to complete its lifecyclez’3; a-, B-, and
y-strains of N. aperta can be differentiated by shell size, shape,
sculpture, mantle pigment patterns, ecology, time of develop-
ment, and minor aspects of anatomy. Of these, the y-strain
is the most important vector for S. mekongi. In 1986, the
Tropmed Technical Group reported that the a- and y-strains
were found in the Mekong River ranging from Savannakhet,
Lao PDR to Kratié in Cambodia.* The p-strain of N. aperta
occurred exclusively in the Mun River in Phibun Mangsahan
District, Ubon Ratchathani Province (UB), Thailand. In 2008,
the reported range of the a.- and y-strains was extended north-
ward to the Nam Hinboun in Khammouanne Province, Lao
PDR and a total of 31 localities spanning nine river systems
in Cambodia, Lao PDR and Thailand.’

Although transmission of Mekong schistosomiasis is not
known from Thailand, populations of the potential intermedi-
ate host have been found. Routine activities of villagers living
near the habitats of N. aperta potentially expose them to the
risk of infection. To date, the known habitats of N. aperta in
Thailand are limited to the Mun and Mekong Rivers in
UB.>* N. aperta has not yet been reported from upstream
portions of the Mekong within Thailand.

Conventional identification methods may not be adequate
for N. aperta because of its small size, high prevalence of con-
vergent evolution, and relatively high degree of intraspecific
variation among anatomical characters.®> There are some stud-
ies of genetic variation among different strains of N. aperta

* Address correspondence to Wanchai Maleewong, Department of
Parasitology, Faculty of Medicine, Khon Kaen University, Khon
Kaen 40002, Thailand. E-mail: wanch_ma@kku.ac.th
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based on allozyme differences,” restriction fragment length

polymorphism (RFLP),'® and nucleotide sequence differ-
ences.””'"12 Attwood and others” and Attwood and Johnston'!
investigated genetic variation and the phylogenetic relation-
ships of mitochondrial DNA sequences among the different
strains of N. aperta from six populations'! and 31 sites® of
central and southern Lao PDR, eastern Cambodia, and north-
east Thailand.

Here, we report molecular identification of N. aperta col-
lected in northeastern Thailand in 2010-2012. The y-strain
was found at a new locality in the Mekong River, and the
B-strain was found in the Mun River. DNA sequences of
mitochondrial cytochrome c oxidase subunit 1 (cox!) of these
snails were used to place the newly found populations in a
phylogenetic context with previously studied populations.
These genetic data will be important for epidemiological
investigations of Mekong schistosomiasis.

Wherever it has been reported, N. aperta has been found on
natural substrates, such as under natural bed rocks where agal
aufwuchs are located on islets in the middle of the Mekong
River.! Here, we report a new non-natural substrate for
N. aperta in the Mekong River in Thailand.

MATERIALS AND METHODS

Sampling. Samples were collected from four localities in two
provinces in northeastern Thailand (Nong Khai [NK] and UB)
(Figure 1 and Table 1). Live snails were identified on the basis
of general characteristics, conchology, and habitat.> Samples
were preserved in absolute ethanol until DNA extraction.

DNA amplification and sequencing. The whole-snail speci-
mens (26 in total) were individually crushed, and DNA was
extracted using the Nucleospin Tissue Kit (Macherey-Nagel
GmbH & Co, Duren, Germany). The DNA was eluted in 100
pL distilled water, 5 pL. of which was used for the polymerase
chain reaction (PCR). A PCR specific for the partial cox!
gene sequence was conducted with primer set forward primer:
5" ATG ATC TGG GTT AGT AGG TAC TG 3'and reverse
primer: 5 AGC AGG ATC AAA AAA AGC TGT A 3,
resulting in an amplicon size of 598 base pairs (bp). The
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Ficure 1. Sampling localities of N. aperta. The stars indicate the sampling area in NK (TK) and UB (Ban Bung Khi Lek, KJ, and Kang Sapue).

primers were based on published sequences of N. aperta
(AF188224).11

Amplification was done using a GeneAmp PCR System
9700 Thermal Cycler (Applied Biosystems, Singapore). The
DNA template was initially denatured at 94°C for 5 minutes.
The amplification procedure consisted of 35 cycles at 95°C for
30 seconds (denaturation), 53°C for 30 seconds (annealing),

and 72°C for 30 seconds (extension), with a final extension at
72°C for 10 minutes. The PCR product was run on a 1%
agarose gel to confirm amplification and estimate product
length and quantity. DNA direct sequencing was performed
using the Applied Biosystems 3730x I DNA Analyzer and
ABI Big Dye, version 3.1 (Applied Biosystems, Foster City,
CA) in both directions with the same PCR primers. The cox/

TaBLE 1

Sampling details and accession numbers of N. aperta in the Mekong River and the Mun River, Thailand

Species Strain* Localities Number Accession numbers Sampling date
N. aperta Y Ban Bung Khi Lek, Mekong River, KR-UB¥ 6 KMO099100-KM099102 and 4/23/2010
KMO099109-KM099111
N. aperta Y Mekong River, KJ-UB¥ 3 (KJL); 3 (KJH) KM099096-KM099099, 4/24/2010
KMO099112, and KM099113
N. aperta B Kang Sapue, Mun River, UB¥ 2 KM099114 and KM099115 4/30/2010
N. aperta B Kang Sapue, Mun River, UB} 3 KM099116-KM099118 11/30/2012
N. aperta B Kang Sapue, Mun River, UB} 3 KM099119-KM099121 11/27/2010
N. aperta Y Mekong River, TK-NKf 6 KMO099103-KM099108 12/1/2012
N. aperta o Mekong River, KR-UB% 3 AF188210-AF188212 4/22/1997
N. aperta B Mun River, UB# 4 AF188213-AF188216 4/24/1997
N. aperta Y Kracheh Province, Mekong River, Cambodiai 3 AF188217-AF188219 5/2/1996
N. aperta Y Khong Island, Laosi 2 AF188220 and AF188221 4/20/1997
N. aperta Y Mekong River, UB} 5 AF188222-AF188226 4/22/1997
N. aperta % Xé Bang Fai River, Khammounne Province, Laos# 1 AF188227 3/27/1998

*Strain identified by morphology.
+Samples collected from this study.
#Information from the GenBank database.'!
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66

KM099096 N.aperta(y) KJL3-UB
KMO099097 N.aperta(y) KJH1-UB
KM099098 N.aperta(y) KJH2-UB
89 ||KM099099 N.aperta(y) KJH3-UB
KM099100 N.aperta(y) KR5-UB
KM099101 N.aperta(y) KR6-UB
AF188227 N.aperta XBF-LAO
KM099102 N.aperta(y) KR4-UB
KM099103 N.aperta(y) TK4-NK

40| KM099104 N.aperta(y) TK5-NK
KMO099105 N.aperta(y) TK6-NK
KM099106 N.aperta(y) TK2-NK
KM099107 N.aperta(y) TK1-NK

63

66| |IKM099108 N.aperta(y) TK3-NK

87/KM099109 N.aperta(y) KR1-UB
AF188222 N.aperta(y) KR-UB

g9 | AF188218 N.aperta(y) KC-KHM
—|AFIBEZI7 N.aperta(y) KC-KHM

AF188219 N.aperta(y) KC-KHM
AF188223 N.aperta(y) KR-UB
98| AF188225 N.aperta(y) KR-UB
AF188224 N.aperta(y) KR-UB
AF188221 N.aperta(y) KI-LAO
100 “—AF188220 N.aperta(y) KI-LAO
AF188212 N.aperta(a) KR-UB
AF188210 N.aperta(a) KR-UB
AF188211 N.aperta(a) KR-UB

AF188226 N.aperta(y) KR-UB

99; KM099110 N.aperta(y) KR2-UB
KM099111 N.aperta(y) KR3-UB
KM099112 N.aperta(y) KJL1-UB
100 'KM099113 N.aperta(y) KJL2-UB

86| KM099114 N.aperta(f) MR3-UB
KM099115 N.aperta(ff) MR4-UB
KM099116 N.aperta(ff) MR5-UB
AF188214 N.aperta(ff) MR-UB

SN-AF188213 N.aperta(f) MR-UB
AF188216 N.aperta(f) MR-UB
AF188215 N.aperta(f) MR-UB
KM099117 N.aperta(f) MR1-UB
64| KM099118 N.aperta(ff) MR2-UB
KM099119 N.aperta(f) MR6-UB
KM099120 N.aperta(f) MR7-UB
KM099121 N.aperta(f) MR8-UB

0.1

AF339847 T.bollingi CM

FiGure 2. Maximum likelihood tree based on 18 published and 26 new partial coxI gene sequences of N. aperta a.-, 3-, and y-races. Accession
numbers are shown for sequences obtained from a public DNA database. Sequences newly obtained for this study are indicated in bold.
A published sequence of Tricula bollingi from Chiang Mai (AF339847) was used as an outgroup. CM = Chiang Mai; KC = Kracheh Province;
KHM = Cambodia; KI = Khong Island; LAO = Laos; MR = Mun River; XBF = X¢é Bang Fai.

gene sequences of the N. aperta samples were analyzed using
a standard nucleotide basic local alignment search tool
(BLASTN) search through the National Center of Biotech-
nology Information. The sequences were also aligned and com-
pared with the available sequence data for N. aperta in the
GenBank Database using the multiple sequence alignment
program ClustalW. A phylogenetic tree was constructed using
the maximum likelihood method with MEGA, version 5.'°
The Hasegawa—Kishino—Yano model, with non-uniformity of
evolutionary rates among sites modeled by using a discrete
y-distribution (+G), was found to be the best model.'* Support
for groupings within the tree was evaluated by bootstrapping
with 1,000 resamplings. All sequences were submitted to the
GenBank database (Figure 2 and Table 1).

RESULTS

The partial cox]I DNA sequences (553 bp excluding the
primer sequences) of 26 specimens of N. aperta collected
from four localities in the Mekong and Mun Rivers, Thailand
have been deposited in GenBank under accession numbers
KMO099096-KM099121 (Figure 2 and Table 1). When aligned
and compared with published data, 18 of our sequences
proved to represent the y-strain and 8 of our sequences
proved to represent the f-strain (Figure 2 and Table 1). All

B-strain samples came from the Mun River, and all y-strain
representatives came from the Mekong River. Similarities
between sequences ranged from 97% to 99%. Variation
within sampling sites was found in Ban Bung Khi Lek,
Khammarat District (KR) and Khong Jeum District (KJ),
UB. It is also worth noting that the populations were para-
phyletic and coincided with the KR clades for the snails sam-
pled in this study but not so with the GenBank KR data,
which formed a separate clade. As a consequence, only snails
of the B-strain from the Mun River population formed a
monophyletic clade (Figure 2).

Morphological examination of N. aperta from KJ revealed
two different patterns of mantle pigmentation. Consequently,
the KJ snails were coded as marked pigmentation (KJH) and
reduced pigmentation (KJL). Phylogenetic analysis showed
that KJH fell into a single clade but that KJL separated into
two clades.

A new population of N. aperta (y-strain) is described here
from Ban Tha Kathin (TK), Sri Chiang Mai District, NK Prov-
ince well upstream of previously known populations in the
Mekong River. Although the habitats of N. aperta in KR and
K1J are under natural rocks located on islets in the middle of the
Mekong River, specimens of N. aperta at the TK-NK site were
found under the rocks, which were used together with concrete
paving for prevention of soil erosion along the river bank.
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DISCUSSION

In northeast Thailand, three strains of N. aperta have been
recognized (o, B, and y) on the basis of shell size and body
pigmentation.! However, the small size of triculine snails
leads to problems in assessing character states and technical
difficulties in their identification. These problems together
with convergent evolution in the group and a relatively high
degree of intraspecific variation in anatomical characters sug-
gest that nucleotide sequence data will be useful in resolving
relationships in cases where anatomy is ambiguous.'! This is
supported by our finding that N. aperta snails (y-strain) from
KJ-UB fell into two groups according to their mantle pigmen-
tation; however, the molecular data failed to group the snails
according to pigmentation.

DNA sequences of N. aperta y-strain were examined for
phylogenetic studies of triculine snails® and evaluation of geo-
graphical patterns and to identify genetic subpopulations or
clades.* Mitochondrial genes were selected, because with
their maternal pattern of inheritance and smaller effective
population size, they were considered to represent potentially
better records of phylogenetic events at the intraspecific level.

As in other studies on N. aperta phylogeny, the -strain
from the Mun River was clearly located in a different clade
from the a- and y-strains from the Mekong River. The genetic
isolation of the P-strain appears to have a geographical
basis.'” The Mun River populations seem more stable in these
results than in the results of earlier studies,” which might be
because of the Pak-Mun Dam preventing dispersal of snails.
The Pak-Mun Dam was opened in 1994 and may have affected
our study more than earlier studies.'" However, the effect on
B-strain diversity and long-term popular trends may need to
be monitored.

Samples of the N. aperta y-strain from KJ-UB and those
from KR-UB fell into several different places on the phyloge-
netic tree, whereas those from TK-NK occupied a single region
on the tree. Such a genetic subdivision of the N. aperta y-strain
was also recorded in the study by Attwood.!® Attwood!® sug-
gested that the N. aperta y-strain from the KR-UB site may
have originated in smaller rivers draining the highlands of
central Laos and that it then colonized the Mekong River and
became a part of the y-strain population in UB. This hypothesis
suggests that N. aperta populations in the Mekong River are
not stable and exist as a metapopulation. The lack of genetic
diversity among snails from the TK-NK site might be explained
by an origin in highland streams and lack of dispersal of snails
from the lowland reaches of the Mekong River.”

This is the first report of the N. aperta y-strain from the
Mekong River in NK Province, Thailand. The identification
was supported by molecular evidence from the mitochondrial
cox1 gene. In addition, this is the first report of this snail from
an anthropogenic habitat (i.e., paving slabs) rather than a
natural substratum.
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