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Abstract: Fasciola hepatica is a trematode that causes zoonosis mainly in cattle and sheep and occasionally in humans.
Fascioliasis has been reported in Korea; however, determining F. hepatica infection in snails has not been done recently.
Thus, using PCR, we evaluated the prevalence of F. hepatica infection in snails at 4 large water-dropwort fields. Among
349 examined snails, F. hepatica-specific internal transcribed space 1 (ITS-1) and/or ITS-2 markers were detected in 12
snails and confirmed using sequence analysis. Morphologically, 213 of 349 collected snails were dextral shelled, which is
the same aperture as the lymnaeid snail, the vectorial host for F. hepatica. Among the 12 F. hepatica-infected snails, 6
were known first intermediate hosts in Korea (Lymnaea viridis and L. ollula) and the remaining 6 (Lymnaea sp.) were po-
tentially a new first intermediate host in Korea. It has been shown that the overall prevalence of the snails contaminated
with F. hepatica in water-dropwort fields was 3.4%; however, the prevalence varied among the fields. This is the first study
to estimate the prevalence of F. hepatica infection using the vectorial capacity of the snails in Korea.
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INTRODUCTION

Fascioliasis is a zoonosis caused by the trematode Fasciola
hepatica, prevalent in cattle, and emerging as a cause of disease
in humans. F hepatica is distributed mainly in Europe, the
Americas, and Oceania [1]. The life cycle of E hepatica involves
lymnaeid freshwater snails as the first intermediate host and
depends on the development and survival of larval stages both
in the snail intermediate host and in the environment. Hu-
mans are infected mainly by ingesting raw aquatic vegetables
such as watercress and water dropwort that are contaminated
with the metacercariae. Infections are also induced by consum-
ing the raw liver of an infected animal and drinking water con-
taining viable metacercariae of F. hepatica |1]. WHO added fas-
cioliasis and other foodborne trematodiases to the list of im-
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portant helminthiases significantly impacting human develop-
ment, and knowing the infection status of F hepatica in the
natural environment is important [2].

Transmission dynamics of the fluke life stages is an impor-
tant issue both for implementing proper fascioliasis control
programs and risk assessment [3]. The use of tracer animals is
valuable for investigating transmission to the definitive hosts,
while microscopic investigation of snails for F hepatica larvae is
useful in the intermediate host. However, the use of tracer
calves or sheep is expensive and the microscopic examination
of snails has a low diagnostic sensitivity [4]. Therefore, the de-
velopment of molecular biology provided a range of tools of-
fering much higher specificity and sensitivity than conventional
methods [4-6]. In Korea, cattle were heavily infected with Fasci-
ola species before 2000 with a prevalence of up to 38.2% [7-9].
Additionally, there were several cases of human infections with
E hepatica [10,11]. However, recent studies on trace animals and
the prevalence of fascioliasis are lacking. Moreover, little infor-
mation is available in the literature on the larval forms of E he-
patica found in natural snails. Therefore, to evaluate the infec-
tion status of E hepatica in the first intermediate snail host in
Korea, we collected snails from large water-dropwort fields,
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monitored their contamination with E hepatica, and evaluated
the vectorial capacity of F. hepatica-infected snails.

MATERIALS AND METHODS

Preparation of F. hepatica genomic DNA

Adult E hepatica specimens were obtained from one of the
authors, Prof. Sung-Jong Hong (Chung-Ang University, Seoul,
Korea), and the fluke was stored at -70°C. For DNA isolation,
adult E hepatica worms were cut into 20 mg tissue samples us-
ing a sterile scalpel. Genomic DNA was isolated from adult E
hepatica worms using a G-DEX™ genomic DNA extraction kit
(iNtRON Biotechnology, Seoul, Korea) according to the man-
ufacturer’s instructions.

Survey areas and snail collection

Freshwater snails were collected from 4 large water-dropwort
fields in Cheongdo (Gyeongsangbuk-do), Jeonju (Jeollabuk-
do), Suncheon (Jeollanam-do), and Gijang (Busan) from Sep-
tember 2013 to June 2014 (Fig. 1). Collected snails were

Gyeongsangbuk-do

Jeollabuk-do

O

Jeollanam-do

Fig. 1. Locations of sites at which freshwater snails were collect-
ed. Dot (e); water-dropwort fields for snail collection.

placed in 50-ml plastic containers and transferred within 6 hr
to the laboratory. They were rinsed with tap water and identi-
fied according to their shell morphology [12]. Then, a half was
used to isolate DNA, and the remainder was preserved in a
-70°C freezer.

Molecular detection of F. hepatica in snails using PCR

The presence of internal transcribed spacer 1 (ITS-1) and
ITS-2 genes of E hepatica in each snail was determined using
PCR amplification. Briefly, genomic DNA was extracted from
the whole snail body using G-DEX™ genomic DNA extraction
kit according to the manufacturer’s instructions. The primers
used for PCR amplification are listed in Table 1. The PCR mix-
ture for the PCR amplification contained 5 pl genomic DNA,
3 pl each of forward and reverse primers, 4 pl ANTP, 5 pl 10 x
Ex Taq buffer, 0.25 pl Ex Taq polymerase, and 29.8 ul DDW.
PCR assays were performed with ITS-1 and ITS-2 primers and
an initial denaturation step of 94°C for 30 sec, followed by 30
cycles of denaturation at 98°C for 10 sec, annealing at 60°C for
30 sec and extension at 72°C for 30 sec, followed by 1 cycle at
72°C for 10 min and a final hold at 4°C.

Adult E hepatica was used as a positive control for detection of
specific ITS-1 and ITS-2 genes. Amplifications were generated us-
ing a TaKaRa PCR Thermal Cycler (Takara Bio Inc., Otus, Japan).
Agarose gel electrophoresis (1.5%) with ethidium bromide
staining was used to visualize the ITS-1 and ITS-2 PCR products.

Snail identification using morphological and molecular
methods

Lymnaeid freshwater snails can act as the first intermediate
host of E hepatica [1,12]. Collected snails were sorted accord-
ing to morphological and molecular characteristics. First, col-
lected snails were divided into 2 groups according to the direc-
tion of shell aperture such as sinistral (left-handed aperture)

Table 1. Primers used for detection of . hepatica and identification of snail species collected from water-dropwort fields in Korea

Target name Oligonucleotide sequence (5-3) Product size (op) GenBank accession no.
Fasciola hepatica ITS-1 F: ATCATTACCTGAAAATCTACTCTCACA 433 AJ243016.1
R: GTACGTATGGTCAAAGACCAGGTT
Fasciola hepatica ITS-2 F: GTTATAAACTATCACGACGCCCAAA 364 AJ272053.1
R: GAAGACAGACCACGAAGGGTA
Lymnaea viridis 16S F: CGCAGTACCTTGACTGTGCT 208 AF485642.1
R: CGCCCCAACAAAAATAAGAG
Lymnaea ollula 28S F: GTAGCGATTCTGACGTGCAA 211 AY465065.1
R: AGCCGGACTTCTTACCCATT
Lymnaea auricularia ITS-1 F: GCACACGTCCTATCGAAACA 203 JX193589.1

R: AGAGCAAGGCCACTCTTTGA




and dextral (right-handed aperture), and then the following
criteria were recorded for each snail: shell size, number of
whorls, and size of aperture.

Next, the collected snail species were identified using a mo-
lecular method. We prepared specific primers for detection of
Lymnaea viridis, L. ollula (=L. pervia, Austropeplea ollula), and L.
auricularia (= Radix auricularia; Table 1), which were reported
as the first intermediate host of F hepatica in Korea [8,13,14].
PCR amplification of the specific gene fragments of L. viridis, L.
ollula, and L. auricularia was performed using 5 ul of genomic
DNA from each sample, 5 pl of 10x Ex Taq buffer, 4 ul of a
dNTP mixture, 3 pl each of forward and reverse primers, 0.25
pl of TaKaRa Ex Taq DNA Polymerase, and 29.8 pl of DDW
using a TaKaRa PCR Thermal Cycler. All PCR assays were per-
formed using 1 cycle at 94°C for 30 sec and 30 cycles at 98°C
for 10 sec, 60°C for 30 sec and 72°C for 30 sec, followed by 1
cycle at 72°C for 7 min and a final hold at 4°C. Agarose gel
electrophoresis (1.5%) with ethidium bromide staining was
used to visualize the PCR products.

Sequencing and analysis of the F. heptica ITS-2 region
To confirm that the PCR products from E hepatica-infected
snails were not a result of unspecific amplification, sequencing
of a single band was performed. Briefly, after electrophoretic
separation, the ITS-2 PCR products were clearly delineated and
sequenced directly by SolGent (Daejeon, Korea). The complete
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ITS-2 sequences of E hepatica from 6 positive field samples
(snails act as the first intermediate host) were compared with
those isolated from Spain (GenBank accession no. AJ27205.1)
using the Clone Manager software (Sci-Ed Software, Cary,
North Carolina, USA).

Statistical analyses

The data are presented as means+ SD. Statistical significance
was determined using ANOVA (StatView; Abacus Concepts
Inc., Berkeley, California, USA). All experiments were per-
formed at least twice; P-values <0.05 were considered to indi-
cate statistically significant differences.

RESULTS

F. hepatica infection in snails

The PCR amplification of the positive control, i.e., adult 3
DNA, showed a characteristic pattern of bands at 433 and 346
bp for ITS-1 and ITS-2, respectively. These results were consis-
tent in all subsequent reactions. The sequences obtained from
the PCR products were identical to the target sequence (Gen-
Bank nos. AJ243016.1 and AJ272053.1).

PCR was performed on 349 snails to determine F hepatica
infection. As shown in Fig. 2, PCR amplification using ITS-1
and ITS-2 specific primers produced 433-bp and 346-bp frag-
ments, respectively. Among the 349 snails collected from the 4

2 34 5 6 7 8 9 10 1112 13 14 15 PC

bp

500
400
300

200
100

ITS-2
364 bp

Fig. 2. Agarose gel electrophoresis of PCR products containing internal transcribed spacer 1 (ITS-1) and ITS-2 markers of Fasciola he-
patica. M, 100 bp marker; lanes 1-15, field snail samples; PC, positive control (£ hepatica worm). Upper panel, 433 bp for ITS-1; lower

panel, 364 bp for ITS-2.
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Table 2. Morphological and molecular characteristics of the collected snails

W Cheongdo Jeonju Suncheon Gijang Total
tems
No. of samples 52 71 43 183 349
Direction of aperture Sinistral  Dextral ~ Sinistral  Dextral ~ Sinistral  Dextral ~ Sinistral ~ Dextral Sinistral Dextral
No. of snails (%) 21(40.4) 31(59.6) 14(19.7) 57(80.3) 36(83.7) 7(16.3) 65(35.5) 118(64.5) 136(39.0) 213 (61.0)
Shell shape
Shell height/width 8-12 6-11 6-9 5-8 7-12 7-11 7-16 7-13 5-16 5-13
9.6+1.3) (7.7x1.4) (7.1+£1.4) (6.3+1.6) 9.1+£1.2) (9.0+£1.1) 9.8+1.8) 9119 (9.9+14) (B.1x1.5)
/4-8 /3-6 /4-7 /3-6 /3-6 /3-7 /3-8 /5-8 /3-8 /3-8
(6.8+1.1) (3.8+£0.6) (4.6+0.4) (3.9+0.3) (8.7+0.9 (8.3+0.7) (6.3+1.6) 6.1£1.5) (65.5+1.2) (4.1+0.9)
No. of whorls 4 4 4 4 4 4 4 4 4 4
Aperture height/width 3-6 3-6 4-7 3-7 3-7 3-6 3-8 3-8 3-8 3-8
(6.5+0.3) (4.3+0.6) (4.2+0.9 (3.8+0.8) (6.8+1.2) (65.2+0.9) (65.3+1.3) (65.2+1.4) (6.7+1.2) (4.4+0.9)
/3-4 /2-4 /2-4 /2-4 /2-4 /2-4 /3-6 /2-8 /2-6 /2-6
(34+02) (3.1+0.5 (3.2+0.8) (29+0.7) (8.1+0.4) (38.1+£0.4) (4.2+0.9) (4.2+£0.9 (B85+0.7) (3.3+0.6)
No. of £ hepatica-infected 0 0 0 11 0 0 0 1 0 12
No. of infected (%) 0(0.0) 11 (15.5) 0(0.0) 1(0.5) 12 (3.4)
PCR result
Reported vectors in Korea
L. viridis 0 1 1
L. ollula 5 0 5
L. auricularia 0 0 0
The others 6 0 6

fields, ITS-1 or ITS-2 bands of E hepatica were detected in 12
snails. Thus, the overall prevalence of E hepatica infection in
snails was 3.4%, ranging from 0.0% to 15.5% depending on
the water-dropwort field (Table 2).

Snail identification and vectorial capacity

A total of 349 snails were classified based on morphological
and molecular characteristics. According to the direction of
their aperture, snails were divided into 2 groups, sinistral and
dextral. Lymnaea snails are dextral [12]. Among the 349 snails,
136 were sinistral (Fig. 3A; Table 2), and 213 were dextral (Fig.
3B; Table 2). The morphological characteristics of snails with a
sinistral shell were as follows: the shells were elongated and
their mean height and width were 9.9+ 1.4 and 5.5+ 1.2 mm,
respectively. Each snail had 4 whorls, and the mean aperture
height and width were 5.7+1.2 and 3.5+ 0.7 mm, respectively
(Fig. 3A; Table 2). The morphological features of dextral snails
(Lymnaea spp.) were as follows: the height and width were 8.1+
1.5 and 4.1+0.8 mm, respectively, which were smaller than
those of sinistral snails (P>0.05). The snails had 4 rounded
whorls, and the mean aperture height and width were 4.4+ 0.9
and 3.3+0.6 mm, respectively. The aperture was consistently
oval without angles (Fig. 3B; Table 2).

To evaluate the vectorial activity of E hepatica-infected snails,
we performed PCR to identify the snail species of 12 E hepati-

ca-infected ones. Among the 12 infected snails, 1 was identi-
fied as L. viridis and 5 as L. ollula; however, the species of the
remaining 6 could not be identified.

Confirmation of F. hepatica-infected snails using
sequencing and analysis

We sequenced the ITS-2 PCR products amplified from the E
hepatica-infected snails to confirm whether the PCR products
were real F hepatica or not. As shown in Fig. 4, the nucleotide
sequences of the PCR products from the 6 E hepatica-infected
samples obtained from 2 fields were 100% identical to the ITS-
2 sequences of F. hepatica-infected samples obtained from Spain
(GenBank accession no. AJ272053.1). Thus, this banding pat-
tern was considered a positive result specific for E hepatica DNA.

DISCUSSION

The water dropwort is one of the major second intermediate
hosts of human F hepatica infection in Korea. To determine
the potential infectivity with F hepatica, we collected snails
from 4 large water-dropwort fields in Korea. The snails were
examined using PCR targeting the ITS-1 and ITS-2 regions of F
hepatica. Of the 349 snails, 12 were infected with E hepatica
(overall prevalence, 3.4%). However, the prevalence varied
from 0.0% to 15.5% depending on the collection field.
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Fig. 3. Identification of snails collected from 4 large water-dropwort fields in Korea. (A) Sinistral (left-handed aperture) snails. (B) Dextral
(right-handed aperture) snails. (C) Agarose gel electrophoresis of PCR products for detection of L. viridis, L. ollula, and L. auricularia from

field snail samples. M, 100 bp marker; lanes 1-12, field snail samples.
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Fig. 4. . hepatica ITS-2 nucleotide sequences of 6 positive samples obtained from PCR products compared with a GenBank sequence
(accession no. AJ272053.1). Base homologies are indicated by a dot (-); base changes are shown in orange. The total length of the £

hepatica ITS-2 region is 468 bp.

Among 12 F hepatica-infected snails, 6 were identified as L.
viridis (1 snail) and L. ollula (5 snails), and the other 6 could
not be identified. The unidentified Lymnaea sp. snails may be
a new first intermediate host in Korea.

E hepatica is a major foodborne trematode, and its infection
is a good example of an emerging/reemerging parasitic disease
as a consequence of diverse phenomena related to both envi-
ronmental change and man-made modifications |1,2]. In Ko-
rea, F hepatica infection had been one of the endemic diseases
affecting cattle during the 1980s [7,9]. Of 524 dairy cattle sur-
veyed, 200 were infected with Fasciola spp. (38.2%) [7]. From
1987 to 1990, the prevalence of F. hepatica in 6,011 cows raised
at 387 farms was 27.7% [9]. Therefore, the Korean govern-
ment implemented F. hepatica control programs during the
1980s [7,9]. Currently, no information exists regarding the
prevalence of E hepatica infection in Korea; however, human E
hepatica infection cases have been reported [10,11]. Tradition-
ally, E hepatica infection in cattle was evaluated using a micro-
scope; however, this method is time-consuming and laborious.
Thus, various molecular approaches have been used to identify
Fasciola species [4-6,10,15]. ITS of nuclear ribosomal DNA has
been used widely due to its highly repetitive and variable re-

gions flanked by more conserved regions [16]. Characteriza-
tion of Fasciola samples from different host animals was per-
formed by sequencing the first and second ITS regions of ribo-
somal DNA in Vietnam, Belgium, Luxembourg, Sweden, and
Korea [3,17,18]. In particular, ITS-2 sequences of nuclear ribo-
somal DNA were used to identify and determine the genetic
variation of F. hepatica [1,15,17,18].

In this study, we used the repetitive DNA sequences of ITS-1
and ITS-2 regions specific for E hepatica to monitor the preva-
lence of E hepatica infection. The overall prevalence of F. hepati-
ca infection among 349 snails collected from water-dropwort
fields was 3.4%. Also, we found 3 unpaired amplifications of
ITS-1 and ITS-2 from E hepatica-infected snails. The discrepan-
cy may be caused by point mutation of ITS-1 or ITS-2 gene se-
quences of E. hepatica in each snail, because both ITS-1 and ITS-
2 genes were detected at adult F hepatica worm as a positive
control. Interestingly, all F hepatica-infected snails were found
at dual cultivation fields such as rice and water-dropwort indi-
cating that dual cultivation fields are easily contaminated with
inappropriately fermented livestock manure for growing rice.
This prevalence was lower than in previous reports in Korea
[7,9] and current reports from Sweden, Switzerland, and Po-



land (13.0%, 7%, and 26.6%, respectively) [3,5,6].

E hepatica is a snail-transmitted trematode. Approximately
20 species within the family Lymnaeidae play an essential role
as the first intermediate host of F hepatica worldwide [1]. In
Europe, L. truncatula is considered the principal intermediate
host in most environments [5,19], with infection levels rang-
ing from 0% to 82% in Sweden |3]. The prevalence of natural
E hepatica infection in France was 1.1% in L. truncatula and
0.3% in L. glabra [19]. L. tomentosa and L. ollula are the major
hosts in Australia and Japan, respectively, whereas L. cubensis
and L. columella are the major hosts in the Americas [1]. In Ko-
rea, L. viridis is reportedly the dominant intermediate host for F
hepatica [13], and others include L. ollula [8] and L. auricularia
[14]. These are distributed throughout the environment; the
major habitats are rice paddies, followed by brooks, irrigation
canals, and drains [8]. We also tried to identify the snail species
collected from water-dropwort fields using morphological and
molecular methods. Among 349 snails, 136 were sinistral
(39.0%), and 213 were dextral (61.0%). Lymnaea is a dextral
snail and the first intermediate host of F. hepatica infection. Be-
side these snails, there are many types of dextral snails such as
Radix, Austropeplea, and Fossaria genera.

In this study, to determine the natural E hepatica infection of
snails in water-dropwort fields in Korea, a field study was per-
formed. We found 12 E hepatica-infected snails (3.4%). The
probability of an individual snail being infected with E hepati-
ca varied significantly depending on the environmental status
of cultivation fields and the types of snails found in the field.
Identification of the potentially new Lymnaea sp. positive for F
hepatica is urgently needed.
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