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1. Introduction

Objective: To investigate the infection of Fasciola gigantica (F. gigantica) in domestic cattle from
Chiang Mai province and molecular confirmation using ITS-2 region. Methods: The liver and
gall bladder of Bubalus bubalis (B. bubalis) and Bos taurus (B. taurus) from slaughterhouses were
examined adult worms and prevalence investigation. The species confirmation with phylogenetic
analysis using ITS-2 sequences was performed by maximum likelihood and UPGMA methods.
Results: The total prevalences of infection in B. bubalis and Bubalus taurus (B. taurus) were
67.27% and 52.94% respectively. The respective prevalence in both B. bubalis and B. taurus were
acquired from Doi—Saket, Muang, and Sanpatong districts, with 81.25%, 62.50% and 60.00% for
B. bubalis and 62.50%, 50.00% and 47.06% for Bos taurus respectively. The species confirmation
of F. gigantica and some related species by basing on maximum likelihood and UPGMA methods
used, 4 groups of trematodes were generated, first F. gigantica group including specimen of Chiang
Mai, second 2 samples of F. hepatica, third group of 3 rumen flukes; Orthocoelium streptocoelium,
F. elongatus and Paramphistomum epliclitum and fourth group of 3 minute intestinal flukes;
Haplorchis taichui, Stellantchasmu falcatus, Haplorchoides sp. and liver fluke; Opisthorchis
viverrini respectively. Conclusions: These results can be confirmed the Giant liver fluke which
mainly caused fascioliasis in Chiang Mai was identified as F. gigantica and specimens were
the same as those of F. gigantica recorded in other different countries. Nucleotide sequence of
ITS-2 region has been proven as effective diagnostic tool for the identification of F. gigantica.

inter—breed of F. gigantica and F. hepatica may be
occurred which consequently giving intermediate or
hybrid Fasciola that can launch an aberrant morphologyl4l.

Giant liver flukes, genus Fasciola have been recognized
as importantly plant-borne trematode infection. These
parasites are reported as mainly caused of fascioliasis in
domestic ruminants and humansl!l and including they are an
economically important—helminthic infection disease which
having a significant impact on growth rate, development
and productivity in domestic ruminants[2l. Humans are
accidental hosts, with a few cases of human fascioliasis
have been reported. Fasciola hepatica(F. hepatica)
has a cosmopolitan distribution, mainly in temperate zones,
while Fasciola gigantica (F. gigantica) is foundin tropical
regions of Africa and Asial3l. Furthermore, in some areas,
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Sibling morphology or cryptic trematode species can cause
problematic case of identification using morphological
characteristics alone. Various molecular approaches
have been approved as effective identification tools such
as sequences of nuclear ribosomal; ITS—1 and ITS-2I5]
and mitochondrial; NDI and COIl6] were used to identify
Fasciola species isolated from northern Tran. Amor et all7]
reported molecular characterization of F. gigantica from
Mauritunia based on mitochondrial and nuclear ribosomal
DNA sequences. Additionally, the ITS-2 sequences were
used for the genetic identification of F. hepatica which it
is related species of F. gigantica in Turkeyl8! and designed
the species—specific ribosomal TTS—2 markers for isolating
of F. hepatica is includedl.

Internal transcribed spacer (ITS) of nuclear ribosomal DNA
(tDNA) has been widely used, due to its highly repeated
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and contains variable regions flanked by more conserved
regionsl10.11]. Characterize of Fasciola samples from different
host animals and geographical localities by sequences of
the first and second internal transcribed spacer of ribosomal
DNA was study in Niger, Spain, Tunisia, and Northern
Tranl7.12-14]. Remarkably, according to the Fasciola samples,
most studies and researches frequently conducted on
F. hepatica, F. gigantica and intermediate Fasciola in
different aspects. ITS-2 sequences of nuclear ribosomal DNA
have been famously used to determine the genetic variation
and identification of F. hepatica from different geographical
regionl15-17]. Moreover, molecular identification of liver fluke
on the basis of ITS sequences has also been report in India,
Vietnam, and Chinal18-22]. From these, ITS-2 sequences have
been approved to be effective diagnostic region for specific
identification of Fasciola species.

Although, present study is aimed to investigate the
infection of F. gigantica in domestic cattle from Chiang
Mai province, Thailand and to describe the molecular
confirmation by using ITS-2 sequences comparing with
Fasciola species and other related samples acquired in
GenBank databases. The phylogenic tools can be applies to
discriminate species of our samples and other samples.

2. Materials and methods
2.1. Prevalence study

Fifty five of Bubalus bubalis (B. bubalis) and 51 of Bos
taurus (B. taurus) were examined in three districts of Chiang
Mai province, during October 2010 to September 2012.
Adult worms of F. gigantica were collected in liver and gall
bladder of B. taurus and B. bubalis from slaughterhouses.
The flukes were removed and counted for the prevalence
calculation.

2.2. Molecular study

Genomic DNAs of all parasites were extracted and purified
from adult worms using the GF—1 Tissue extraction kit
(Vivantis, Malaysia), according to the manufacturer’s
instructions. All extracted genomic DNA were diluted to
a working concentration of 50 ng/ ¢t L. and stored at —20°C
until used.

Amplification of Internal Transcribed Spacer Subunit
2 (ITS-2) region. Primers to amplify the entire nuclear
second internal transcribed spacer region (ITS-2) were as
described by Bowles et al23l. The pair of primers were 5'—
GGTACCGGTGGATCACTCGGCTCGTG-3" (3S-F) as a forward
primer, and 5'-TATGCTTAAATTCAGCGGGT-3" (BD2-R)
as a reverse primer. The final volume of each amplification
reaction was 20 L, with common PCR composition. The
PCR was carried out in a My cyclerTM Thermal Cycler (Bio—
Rad, USA) with PCR conditions are as follows; 1 cycle of
94 °Cfor 4 min, 30 cycle of 94°C for 1 min, 50°C for 30 s, 72°C
for 45 s and 1 cycle of final extension at 72°C for 7 min. PCR
products were separated on 1.4% agarose gel electrophoresis,
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stained with ethidium bromide, visualized on UV trans—
illuminator and photographs digitally using Kodak Gel
logic. The PCR products were purified and subjected for
sequencing directly by without cloned and transformed.

2.3. Data analysis

ITS-2 sequence data obtained in this study were compared
with ITS-2 sequences of F. gigantica and related—species
currently available in NCBI-GenBank. All ITS-2 sequence
data were aligned and trimmed to provide an equivalent
sequences among each trematode species using BioEdit
5.0.6 software. Phylogenetic tree of each trematodes were
performed by maximum likelihood and UPGMA method
using MEGA 5.05 software. The nucleotides diversity was
calculated by DNAspl24] and confirmed the distinct species
according to “4x rule” as following Birky et all25].

3. Results
3.1. Prevalence study

The flukes were collected in liver and gallbladder of
B. bubalis and B. taurus in 3 slaughterhouses from Muang,
Doi Saket, and Sanpatong districts of Chiang Mai province,
during October 2010 to September 2012. Fifty five of
B. bubalis and 51 of B. taurus were examined. The infection
of F. gigantica in B. bubalis were higher than B. taurus,
total prevalence of infection were 67.27% and 52.94%,
respectively. The respective prevalences (highest to lowest)
of F. gigantica infection in both B. bubalis and B. taurus
were acquired from Doi-Saket, Muang, and Sanpatong
districts, with 81.25% (13/16), 62.50% (15/24) and 60.00% (9/15)
for B. bubalis and 62.50% (10/16), 50.00% (9/18) and 47.06%
(8/17) for B. taurus respectively (Figure 1).
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Figure 1. The prevalences of adult worm infection were found in
B. bubalis and B. taurus of Muang, Doi—Saket, and Sanpatong districts
of Chiang Mai province.

3.2. Sequence data of ITS-2 region

ITS-2 sequences of F. gigantica were comparative
analyzed with related trematodes species that available in
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Genbank. Supplemented fluke samples such as; Fishoederius
elongatus(F. elongatus), Paramphistomum epiclitum(P.
epiclitum), Orthocoelium streptocoelium(Or. streptocoelium),
Haplorchis taichui(H. taichut), Stellantchasmus (S. falcatus),
Haplorchoides sp., Opisthorchis viverrini(0. viverrini)
were also included. PCR products of ITS-2 region generated
by primer 3S-F (forward primer) and BD2-R (reverse
primer) were found approximately 500 base pairs (bps.).
A few over hanging in fragment sizes between species
were also found (Figure 2). Then, all PCR products
were purified and subjected for sequencing directly by
without cloned and transformed. Sequences alignment of
F. gigantica found in this study demonstrated that,
maximum length obtained was 533 base pairs (Figure 3).

M 1 2 3 4 5 6 7 8

Figure 2. DNA profiles of ITS-2 region derived from BD2-R and
3S-F primer.
Lane M: DNA marker (VC 100 bp DNA Ladder); lane 1: F. gigantica;
lane 2: F. elongatus; lane 3: P. epiclitum; lane 4: Or. streptocoelium;
lane 5: H. taichui; lane 6: S. falcatus; lane 7: Haplorchoides sp. ; lane
8: 0. viverrini.
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Figure 3. Illustration demonstrated 533 ITS-2 nucleotide sequences
of F. gigantica found in this study.

Based on the ITS-2 sequence data, they were then aligned
and compared with 12 accession numbers of F. gigantica
ITS-2 sequences including F. hepatica that available in
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NCBI-GenBank and some supplemented fluke species (this
study). The result showed that F. gigantica found in this study
revealed 98%—99% maximum identities as demonstrated in
Table 1.

Table 1
Demonstrate the maximum identities and query coverage of

F. gigantica found in this study compared with closely related—
trematodes available in NCBI-GenBank.

Accession Geographical Query coverage Maximum
location (%) identity (%)
HQ700438.1  China 95 99
AB536921.1  Viet Nam 95 99
AB553695.1 Egypt 95 99
JF930346.1 India 95 99
AB010977.1 Indonesia 93 99
AB010979.1  Japan 93 99
AB010976.1  Zambia 93 99
JN828958.1 Iran 85 99
AM850108.1  Niger 87 99
AB207149.1  Thailand 93 99
JF432078.1 Iran 86 98
JF708029.1 USA 87 98

The genetic diversity of F. gigantica in this study
compared with F. gigantica and F. hepatica that available in
GenBank. The results shown that F. gigantica in this study
are the same species with other countries (K<4 ) while,
F. gigantica difference from F. hepatica (K>4 0 ) (Table 2).

3.3. Analysis of phylogenetic relationships

Based on comparative study of ITS2 sequences among
F. gigantica obtained in this study with closely related
samples in Genbank, phylogenetic relationships was
analyzed, while 7 supplemented trematodes; H. taichui,
S. falcatus, Haplorchoides sp., O. viverrini, Or. streptocoelium,
F. elongatus and P. epliclitum were used as an out group.
Maximum likelihood (ML) and UPGMA methods with
bootstrap values of 1 000 replicates set were performed. The
results showed that, 4 groups of trematodes were generated,
first was F. gigantica group including the specimen of
Chiang Mai, second was 2 samples of F. hepatica (GenBank),
third was group of 3 rumen flukes; O. streptocoelium,
F. elongatus and P. epliclitum (this study) and fourth was
group of 3 minute intestinal flukes; H. taichui, S. falcatus,
Haplorchoides sp. and liver fluke; O. viverrini respectively
(Figure 4&5). These results can be confirmed that the Giant
liver fluke which mainly caused fascioliasis in Chiang Mai,
Thailand was identified as F. gigantica.

Table 2.

The variables speciation of genetic diversity of F. gigantica and F. hepatica.

Population Nucleotide diversity () 0 f x4 Sequence divergence between clades (K) IfK>490
F. giganiica 0.00242 0.00251 0.01004 0.00142 No

F. hepatica 0.00236 0.00236 0.00944 0.01071 Yes
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Figure 4. Phylogram derived from maximum likelihood analysis
depicting phylogenetic relationships of trematodes used in this study
by basing on ITS-2 sequences: (A): group of F. gigantica obtained
from both Chiang Mai and GenBank; (B): group of F. hepatica
(GenBank); (C): group of rumen flukes (O. streptocoelium, F. elongatus
and P. epliclitum); (D): group of minute intestinal fluke (H. taichui, S.
Sfalcatus, Haplorchoides sp.) and liver flukes (O. viverrini).
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Figure 5. Phylogram derived from an UPGMA analysis depicting
phylogenetic relationships of trematodes used in this study by basing
on ITS2 sequence data: (A): group of F. gigantica obtained from
both Chiang Mai and GenBank; (B): group of F. hepatica (GenBank);
(C): group of rumen flukes (0. streptocoelium, F. elongatus and
P. epliclitum); (D): group of minute intestinal fluke (H. taichui, S.
Jalcatus, Haplorchoides sp.) and liver flukes (O. viverrini).

4. Discussion

In Chiang Mai province, infection of fasciolasis in domestic
cattle is still high. Based on our result, it can be confirmed
that, the giant liver flukes found in Chiang Mai province
were identified as only F. gigantica. There was no any
evidence that provides information concerning the infection
of F. hepatica in northern Thailand. This result corresponds
with the study of Sukhapesna et al26] that revealed the main
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cause of fascioliasis in domestic ruminants from Thailand
is F. gigantica. The prevalence of F. gigantica infecting
domestic cattle in Chiang Mai province was already
determined. Prevalence of infection in B. bubalis was higher
than B. taurus, with total prevalence of 65.71% and 46.67%,
respectively. However, our findings are contradicted with
the study of Sobhon et al127] that demonstrate the prevalence
of F. gigantica infection in cattle were only 4%—24%, with
highest incidences in the north and northeastern, and the
lowest in the south. A few different of F. gigantica infection
among B. bubalis and B. taurus was observed and it may
depend on the preference of feeding behavior. B. bubalis can
be feed a variety of grazing and aquatic plants and its can be
feed food in both terrestrial and aquatic whereas B. taurus
was mostly cultured in farmland system that it has been
greatly management and frequently treated by anthelmintics.
Moreover, the incidence of F. gigantica found in Chiang Mai
was higher than the other regions of Thailand which may
due to the B. bubalis and B. taurus from slaughterhouses of
Chiang Mai province was mostly imported from neighboring
countries and tended to increase which may be the point of
higher fluke diversity in this region.

By basing on the comparative study of nucleotide
sequences of F. gigantica ITS-2 sequences, it was found that
F. gigantica collected in Chiang Mai, Thailand are grouped
with F. gigantica in GenBank while, F. hepatica and
including other related—species are separated individually.
The molecular analysis of the ITS—1 and ITS-2 genes of
Fasciola spp. were commonly reported in Asia countrieslsl.
In accordance with the constructed phylogenetic trees,
F. gigantica in this study showed highly relationship with
the groups of F. gigantica that acquired from GenBank. The
K>4 0 criterion proposed by Birkyi28] are presented in Table
2 show that the F. gigantica from Thailand (group A) are
genetically closely with F. gigantica from other countries.
Moreover the K>4 § criterion are indicated F. gigantica in
this study diverge with F. hepatica. The degree of separation
between these groups was sufficient for diagnosed as distinct
species using four times rule for speciationl29]. Our finding is
in agreement with Amor et al30] who reported confirmation
Fasciola spp. using ITS—1 and ITS-2 sequences showed
closely relationship of the Mauritanian samples with isolates
of F. gigantica from different localities of Africa and Asia.
Moreover NCBI databases can be use for compared with
other species of trematodes in the family Fasciolidael19].

The results can be confirmed that the Giant liver fluke
which mainly caused fascioliasis in Chiang Mai, Thailand
was identified as F. gigantica as same as found in other
different countries with the maximum identities of 98%—99%.
The infection of F. gigantica in B. bubalis was higher than
B. taurus. The molecular identification and phylogenetic
analysis by using nucleotide sequence of ITS-2 region is
approved to be effective diagnostic tool to confirmed species
of F. gigantica which useful for specific identification
particularly in developmental stages. The four times rule for
speciation is useful to separate between these groups.
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