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Abstract. Human liver fluke infection caused byOpisthorchis viverrini increases the risk of cholangiocarcinoma (CCA)
reported along theMekong basin including Thailand, Lao People’s Democratic Republic (PDR), Cambodia, and Vietnam.
The highest incidence of CCA has been reported in northeastern Thailand where liver fluke infection is prevalent. This study
aimed to investigate the prevalence of O. viverrini infection in a northeastern-descendent community in rural Sa Kaeo
Province, eastern Thailand, using stool examination and molecular technique. The Kato–Katz method was performed to
determine eggs per gram (EPG) for infection intensity. Phosphate-buffered saline–ethyl acetate concentration was used to
prepare specimens for polymerase chain reaction (PCR) and restriction fragment length polymorphism of the internal tran-
scribed spacer 2 (ITS2) region of the ribosomal RNA. From 1,245 specimens, 105 (8.4%) samples were identified as Opis-
thorchis-like eggs from stool examination, and all positive specimens indicated light infection (< 1,000 EPG). From positive
Opisthorchis-like egg samples, 55.2% (58/105) were identified as O. viverrini eggs from ITS2-PCR assay for which low
infection intensitymight result in a negative PCR result (44.8%). Usingmultiple logistic regression analysis, maleswere at 3.1
times higher risk of acquiringO. viverrini infection than females. From phylogenetic analysis, in eastern Thailand, nucleotide
sequencesofO. viverriniweregroupedasamonocladeas those isolated fromGreaterMekong, Vietnam,Myanmar, andwest
Siberia. The results revealed that thesurveyedcommunity isa low-gradeendemicareaofO.viverrini infection.Thus,data from
this study can be used to improve health-promoting programs and activities to control the infection and its subsequent CCA.

INTRODUCTION

Opisthorchis viverrini, a human liver fluke, is a major public
health problem in Thailand and in Southeast Asian countries
where people consume the infective metacercariae in raw or
undercooked cyprinoid fish.1 In Thailand,O. viverrini infection
in humans has been reported for almost 100 years,2 and about
eight million people are infected with O. viverrini.3 The preva-
lence of O. viverrini infection is high in north and northeastern
Thailand where people frequently eat a raw or undercooked
dish called “koi pla.”4 The disease is caused by mechanical,
chemical, and immunological irritation, and severity of the
disease depends on the intensity and duration of the infection.
Organs involved in the disease occurrence are the bile ducts,
gallbladder, and liver.5 Chronic infection of O. viverrini is as-
sociated with cholangiocarcinoma (CCA),6 and the world’s
highest incidence of CCA has been reported in the north-
eastern area of Thailand.7 Prevention and control of liver fluke
infection hasbeen adifficult task in Thailand because of habits
of local people eating uncooked freshwater fish in endemic
areas.
Microscopic examination is a gold standard to diagnose

O. viverrini eggs in stool specimens.8However, eggs could not
be differentiated with those of other human liver flukes (Clo-
norchis sinensis andOpisthorchis felineus) and small intestinal
flukes (Heterophyes heterophyes, Heterophyes pumilio, Het-
erophyes taichui, and Heterophyes yokogawai).6 Thus, mo-
lecular techniques have been used to improve the specificity
of the diagnostic test to determine the true prevalence of
O. viverrini infection in the study population. Polymerase chain
reaction (PCR)–basedassays have beendeveloped that could

discriminate O. viverrini eggs from those of C. sinensis and
small intestinal flukes using the internal transcribed spacer 1
(ITS1) and ITS2 regions of the ribosomal RNA (rRNA) gene.9

In 2009, the prevalence of O. viverrini infection was report-
ed in north (19.3%), northeast (15.7%), central (3.8%), and
southern (0%) Thailand.4 Using stool examination, from 2002
to 2009, prevalence of Opisthorchis-like eggs in studies
conducted in a rural community of Sanamchaikaet district,
Chachoengsao Province, central Thailand, was 17.4–21.3%.
Because of eating habits of local people who originally
migrated from the northeast to this rural community, the
prevalence of O. viverrini infection was much higher than the
average prevalence reported in central Thailand.10 Phra
Phloeng village, a rural community in Sa Kaeo Province,
eastern Thailand, is a nearby province next to Chachoengsao
Provincewhere a true prevalence study ofO. viverrini infection
in stool specimens has never been conducted using a mo-
lecular technique. Moreover, in eastern areas, the highest in-
cidence of liver cancer and CCA has also been reported in Sa
Kaeo Province11 where eating habits of the local people are
the same as those living in the northeast. The study of prev-
alence using the ITS2-PCR assay and associated risk factors
of O. viverrini infection in this study would be very helpful and
support the control programs of liver fluke infection in this
area. Information from this study can be used to improve
health-promoting programs and activities to control the in-
fection and progression of the disease.

MATERIALS AND METHODS

Ethics. The research proposal was reviewed and ap-
proved by the Ethics Committee of the Royal Thai Army
Medical Department (IRBRTA 31/2559) and the Ethics Com-
mittee of Mahidol University (MU-CIRB 2018/098.0205). In-
formed consent was obtained from the enrolled participants
or the parents of the enrolled participants aged younger than

*Address correspondence to Toon Ruang-areerate or Picha Suwan-
nahitatorn, Department of Parasitology, Phramongkutklao College of
Medicine, 317/5 Rajvithi Rd., Bangkok 10400, Thailand. E-mails:
youangtr@yahoo.com or picha.s@pcm.ac.th

838

mailto:youangtr@yahoo.com
mailto:picha.s@pcm.ac.th


18 years. The study areawasThungPhraPhloengsubdistrict, a
rural community of SaKaeoProvince, 200 kmeast of Bangkok,
Thailand. The community comprises 13villages, ofwhich1,279
participants were recruited in this study in March 2017.
Stool and quantitative examination. A single stool sam-

ple was collected from each subject. The fecal specimens
were examined using the following three methods: simple
wet smear, Kato–Katz technique, and phosphate-buffered
saline–ethyl acetate concentration (PBS-ECT) methods. A
fecal sample was considered positive forO. viverrini–like eggs
whenoneormoreeggswereobserved inanyof the threemethods.
Intensity of infectionwasmeasured by counting numbers of

O. viverrini–like eggs under a microscope and calculated into
egg per gram (EPG) of feces using the Kato–Katz technique.
The intensity of Opisthorchis-like egg was classified into light
infection (< 1,000 EPG), moderate infection (1,000–10,000
EPG), and heavy infection (> 10,000 EPG).12

DNApreparationandextractionofO. viverrini–likeeggs.
A concentration technique based on PBS-ECT was used to
prepare fecal samples before DNA extraction. Phosphate-
buffered saline replaced formalin because of the benefits of
further PCR amplifications. Approximately 2 g of feces were
added with 10 mL PBS and filtered through gauze to dissolve
stool specimens. And 3 mL of ethyl acetate was added, fol-
lowed by shaking continuously until a complete suspension of
stools could be observed. The homogenizing stool mixtures
were centrifuged at 2,000 g for 10 minutes. The expected four
layers were present after centrifugation, such as, layers of
ethyl acetate, wastes, PBS, and parasite eggs or other pro-
tozoa, in order. The three upper layers were removed, leaving
the sediment at the retaining bottom layer. The sediment was
washed three times continuously with PBS at 3,000 g for 10
minutes. At final PBSwashing, the sedimentwas examined for
O. viverrini–like eggs under a light microscope. The positive
samples for O. viverrini–like eggs in PBS were kept at −20�C.
Each positive sample fromOpisthorchis-like eggs collected

by PBS-ECT was centrifuged at 3,000 g for 10 minutes to
precipitate the pellets and used for DNA extraction. And 180
μL ATL tissue lysis buffer was added to the pellets and mixed
continuously using a pestle homogenizer until the pellets were
thoroughly homogenized. The suspension was subjected for
five cycles of freezing in liquid nitrogen and thawing at
98–100�C.10 Subsequently, the DNA was extracted using
DNeasy Blood and Tissue Kits (Qiagen, Hilden, Germany)
according to the manufacturer’s protocol with occasional
vortexing using a thermomixer every 5 minutes for 3 hours
during incubation at 56�C. The DNA was eluted with 100 μL
elution buffer.
Polymerase chain reaction–restriction fragment length

polymorphism (PCR-RFLP) for discriminatingO. viverrini–
like eggs. RTFluke primers designed for the ITS2 region
of rRNA of opisthorchiid and heterophylid flukes were used
to amplify Opisthorchis-like eggs’ DNA.13 Polymerase
chain reaction amplifications were performed under a final
volumeof 50 μL, consisting of aDNA template, 1× buffer PCR,
2 mM of MgCl2, 200 μM dNTP, 12.5 pmole of each primer
(RTFlukeFa; 59–CTTGAACGCACATTGCGGCC and RTFlu-
keRa; 59–CACGTTTGAGCCGAGGTCAG), and 1 unit of Taq
polymerase (5 U/μL) (Promega, Madison,WI). The PCR profile
was one cycle of initial amplification; 15-minute denaturation
at 94�C, 1-minute annealing at 60�C, and 1-minute extension
at 72�C, followed by 35 cycles of amplification; 30-second

denaturation at 94�C, 30-second annealing at 60�C, and
30-second extension at 72�C, and one cycle of 7-minute ex-
tension at 72�C and held at 12�C to complete the amplifica-
tion. The positive control was DNA extraction of O. viverrini
eggs confirmed by DNA sequencing, whereas the negative
control was double-distilled water. The expected sizes of
O. viverrini, C. sinensis, and H. taichui amplicons were 375,
381, and 526 bp, respectively.13 The 375 bp and 381 bp of PCR
products were subjected to PCR-RFLP to discriminate eggs of
O. viverrini and C. sinensis using a restriction enzyme that
digested the PCR amplicons with 2 units of FauI (New England
Biolabs, Ipswich,MA) ina totalvolumeof20μLat55�Covernight.10

Agarose gel electrophoresis and DNA sequencing. The
PCR products were detected under 2% agarose gel in 1× tris/
borate/EDTA buffer. The SYBR® Safe DNA Gel Stain (Invi-
trogen, Grand Island, NY) was used to detect DNA by dis-
solving10mLof agarosegelwith 1×SYBRSafeDNAGelStain
(Invitrogen). Ten microliters of the PCR product was added
andmixedwith loading dye, then loaded on 2%agarose gel. A
100-bp DNA ladder (Vivantis Technologies, Selangor Darul
Ehsan, Malaysia) was used as a marker to estimate the
expected sizes of PCR products. The PCR products were run
at 100 volts for 45 minutes at room temperature. Finally, PCR
products were detected by ultraviolet (UV) visualization using
a Molecular Imager® Gel Doc™ XR + imaging system (Bio-
Rad, Hercules, CA). The expectedPCRproductswere purified
using a QIAquick Gel Extraction Kit (Qiagen) according to the
manufacturer’s protocol and then sent to Bioneer Sequencing
Service for nucleotide sequencing.
Phylogenetic trees of the ITS2 of O. viverrini and other

trematodes. The ITS2 sequences were aligned with the ref-
erence ITS2 genes of different trematode species retrieved
from GenBank (https://www.ncbi.nlm.nih.gov/genbank/) us-
ing MUSCLE (MEGA7 program, Molecular Evolutionary Ge-
netics Analysis, version 7.0) to generate a phylogenetic
relationship among parasitic trematode families, including
Opisthorchiidae, Heterophyidae, Fasciolidae, and Schisto-
somatidae. The blood fluke, Schistosoma japonicum, was
chosen as an outgroup. RAxML analysis was used to con-
struct the ITS2 tree based on RAxML, version 7.4.2, with a
GTR matrix (GTR + Γ model)14 using RaxmlGUI, version 1.15

The clade stability of the tree topology was evaluated using
1,000 replicates of RAxML bootstrap values.
The reference sequences were O. viverrini isolates from

west Siberia, Russia (KC427196 and KC427197), Greater
Mekong, Lao PDR (HQ328550, HQ328548, and HQ328549),
central Vietnam (KT726408 and KT726409), central Myanmar
(MG797539 and MG797538), and northeastern Thailand
(AY584735); Opisthorchis felineus (DQ513403 and DQ513404);
Opisthorchis sinensis (KJ137226 and JQ048598); Haplorchis
taichui (HM004157, KP165440, and KC999100); Fasciola
gigantica (KR676570, KT899309, KR676568, and KT899310);
and Fasciola hepatica (MG569980 and MH048706). Schis-
tosoma japonicum (FJ852568 and FJ852572) was chosen
for the outgroup.
Data collection and analysis. Study identification number

(ID) was generated for each subject and used to label speci-
men containers and questionnaires concealed each subject’s
identity. Data for age and gender were obtained from the local
health-promoting hospital’s database after matching with
study ID under subjects’ consent. Additional risk factors of
Opisthorchis-like egg infections were collected using self-
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administered standardized questionnaires covering de-
mographic data, alcoholic consumption, and eating habits
such as consuming traditional uncooked fish dishes.
Prevalence and risk factors of Opisthorchis-like egg infec-

tions were analyzed using STATA/SE, version 9.2 (StataCorp
LP, College Station, TX). Prevalence was reported with per-
centage, and riskswere reportedwithodds ratio (OR),P-value,
and 95% CI. Univariate logistic regression analysis was ini-
tially performed to determine relationships between study
covariate and infection status (yes/no), and covariates with
P-value < 0.2 were incorporated in a multivariate model using
multiple logistic regression analysis.

RESULTS

From 1,279 enrolled participants, 1,245 specimens were
returned for stool examinationwith 97.3% response rate; each
specimen ID of 1,245 was later matched to database for age
and gender, of which 701 (56.3%) of the study participants
weremale (female = 544), 497 (39.9%) in the age-group 40–59
years. The mean (±SD) age of participants was 43.11 (±22.9)
years. Returned questionnaires totaled 417 (32.6%). In all,
84.9% of subjects received formal education. The population
or households mostly comprised farmers working in paddy
fields.
Prevalenceand risk factorsofOpisthorchis-like infection.

From stool examination, prevalence of Opisthorchis-like in-
fection was 8.4%. In addition, prevalence of the other top
three intestinal parasiteswas 6.1% forBlastocystis sp., 1.6%
forStrongyloides stercoralis, and 1.1% for hookworm; others
are shown in Table 1. Prevalence in each age-group was
1.7% (< 20 years), 4.8% (20–39 years), 8.7% (40–59 years),
and 15.4% (> 59 years), respectively. The prevalence in each
age-group differed significantly (P < 0.01). As shown in Table 2,
of 105 positive Opisthorchis-like egg samples, EPG of feces
examined are as follows: 1–99 EPG (100 samples), 100–199
EPG (three samples), and 200–499 EPG (two samples), for
which all positive samples were considered light intensity.
FromTable3, univariate analysis revealed that the age-group

40–59 years (OR=5.6, 95%CI=2.2–14.4) andage-groupmore
than 59 years (OR = 10.8, 95% CI = 4.2–27.5) significantly ac-
quired the infectioncomparedwithage-group<20years.Using
multiple logistic regression analysis, men were 3.1 (95% CI =

1.1–8.4) times at higher risk of acquiring O. viverrini infection
thanwomenafter adjusting for age, gender, andalcohol and koi
pla consumption.
Molecular study. From the molecular study, PCR-RFLP of

the ITS2 region was used to discriminate eggs of O. viverrini,
C. sinensis, and H. taichui, revealing that 58/105 (55.24%)
positive samples of Opisthorchis-like eggs were O. viverrini
eggs. Therewereno specificampliconsof 526bp forH. taichui
found in the study. The sensitivity of ITS2-PCR was 54% and
66.7% when EPG in feces was less than 100 and 200, re-
spectively, whereas EPG in feces ³ 200 showed 100% sen-
sitivity (Table 2). Phylogenetic relationships among parasitic
trematode families were generated based on 377 bp of the
ITS2 region using RAxML (Figure 1). Topology of the ITS2 tree
demonstrated all species groups in four families were sup-
portedwith bootstrap value higher than98%,andour samples
were clustered within theO. viverrini group (bootstrap value =
100%). Regarding strong support of the bootstrap value at
each branch, the cluster of each species in four families was
less likely to exchange between branches representing the
strictly conserved topology. Nodifferencewas foundbetween
O. viverrini in this studyandothers.Opisthorchis viverrini in this
study collected from eastern Thailandwasmonophyletic, with
others collected fromdifferent regions and countries including
northeastern Thailand andSoutheast Asian countries, such as
Lao PDR, Myanmar, and Vietnam, as well as Russia.

DISCUSSION

Opisthorchis viverrini infection remains a public health
problem and a major risk factor for CCA16,17 in the Greater
Mekong subregions, especially in north and northeast Thai-
land.18 In 2009, the first survey of intestinal parasitic infections
inChachoengsaoProvince, central Thailand, revealed that the
incidence rate of O. viverrini infection was 21.6/100 person-
years,19 which was relatively high compared with other prov-
inces in the central area. As a result, prevention and control
programs have been implemented in that study area. How-
ever, in 2013, the incidence rate was still as high as 21.4/100
person-years, which did not differ when compared with a re-
lated study reported in 2009.20 Thus, changing the habit of
consuming uncooked fish is considered a difficult task to
implement among local people. In this study, the area was
Thung Phra Phloeng subdistrict, Sa Kaeo Province, an adja-
cent area to Chachoengsao Province. Sa Kaeo Province has
been placed in the top list of having the highest incidence of
liver cancer and CCA in eastern Thailand. Patients with liver
cancer increased 56% from 1999 to 2003.11 The elderly are a
high-risk group of acquiring O. viverrini infection in Sa Kaeo

TABLE 1
Intestinal parasitic infections in 1,245 stool specimens returning from
1,279 enrolled participants in Thung Phra Phloeng subdistrict, Sa
Kaeo Province, eastern Thailand

Intestinal parasitic infection No. positive % Positive

Opisthorchis-like eggs 105 8.4
Blastocystis sp. 76 6.1
Strongyloides stercoralis 20 1.6
Hookworms 14 1.1
Giardia intestinalis 9 0.7
Trichomonas hominis 8 0.6
Enterobius vermicularis 5 0.4
Taenia spp. 4 0.3
Trichuris trichiura 3 0.2
Entamoeba coli 2 0.2
Large intestinal flukes 2 0.2
Others (parasitic amoeba and fluke) 3 0.2
Three examination methods including simple wet smear, Kato–Katz, and phosphate-

buffered saline–ethyl acetate concentration techniques were used to examine intestinal
parasitic infections.

TABLE 2
Detection ofOpisthorchis-like eggs in stool samples using the internal
transcribed spacer 2 PCR assay according to the number of EPGof
feces

Number of EPG

Number of positive
Opisthorchis viverrini–like eggs
in stool samples by Kato–Katz

Number positive
by PCR (%)

1–99 100 54 (54.0)
100–199 3 2 (66.7)
200–499 2 2 (100)

105 58
EPG = eggs per gram; PCR = polymerase chain reaction.
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Province, and they also migrated from northeast Thailand
where eating habits of uncooked freshwater fish have not
changed. In 2004, using microscopic examination, the prev-
alence of O. viverrini infection totaled 47.9% in Sa Kaeo
Province21 for which the true prevalence ofO. viverrini has not
yet been confirmed by molecular technique. Using micro-
scopic examination, this study showed a lower prevalence of
8.4%Opisthorchis-like egg infection among villagers residing
in Thung Phra Phloeng subdistrict, Sa Kaeo Province. The
prevalence was lower than that found in Chachoengsao
Province, central Thailand, which was recently reported as
16.8% in 2017.10

Discrimination of human liver fluke eggs and those of small
intestinal flukes was introduced using PCR assays of the ITS2
region.13 A related study showed that the ITS2-PCR assay
gave a sensitivity of 71.0%, with detection limits as low as
0.6–3 pg of Opisthorchis-like eggs.13 In this study, the ITS2-
PCR-RFLP assay was used to differentiate O. viverrini eggs
from those of C. sinensis, a human liver fluke reported in
2009,13 and H. taichui, a common small intestinal fluke coin-
fection with O. viverrini.22 The O. viverrini infection in Phra
Phloeng community should be classifiedas very light infection
considering that 93% (54/58) was lower than 100 EPG
(Table 2) because the criterion for light infection was < 1,000

TABLE 3
Univariate andmultivariate analyses forOpisthorchis viverrini–like egg infection among villagers in Phra Phloeng village, Sa Kaeo Province, eastern
Thailand

Factor Prevalence of infection (%) Crude OR (95% CI) P-value AOR (95% CI) P-value

Gender
Male 7.1 1 – 1 –

Female 9.7 1.4 (0.9–2.1) 0.10 3.1 (1.1–8.4) 0.03
Age (years)
< 20 1.7 1 – 1 –

20–39 4.8 3.0 (0.9–9.9) 0.08 0.6 (0.03–11.6) 0.75
40–59 8.7 5.6 (2.2–14.4) < 0.001 1.1 (0.1–10.1) 0.91
> 59 15.4 10.8 (4.2–27.5) < 0.001 1.5 (0.2–11.3) 0.70

Alcohol
No 10.4 1 – 1 –

Yes 14.3 1.5 (0.8–2.7) 0.19 1.0 (0.4–2.7) 0.99
Fish menus
Chopped raw fish salad (koi pla)

No 5.5 1 – 1 –

Yes 9.6 1.8 (0.7–4.4) 0.19 1.3 (0.5–3.4) 0.59
Briefly fermented fish (pla som)

No 7.3 1 – – –

Yes 7.3 1.0 (0.4–2.4) 0.99 – –

AOR = adjusted odds ratio; OR = odds ratio. Crude OR and AOR were analyzed using univariate and multivariate analyses, respectively.

FIGURE 1. The randomized axelerated maximum likelihood tree of Opisthorchis viverrini and other trematodes based on 377 nucleotide se-
quences of ITS2 gene. Schistosoma japonicumwas selected as an outgroup. Bootstrap values higher than 50% are labeled over branches (1,000
replicates). Isolates in this report are underlined and shown in boldface, accession number:MK886660-MK886663. The collecting site ofO. viverrini
is in parenthesis. Scale bar indicates nucleotide substitutions per site.
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EPG. Thus, a modified DNA extraction method for light in-
tensity of O. viverrini–like eggs (EPG) was developed in this
study to increase the ability of breaking down the thick shell of
eggs and improve DNA quality, in that additional proteinase K
and 3-hour extension during the incubation period at 56�C
were applied in between the standard protocol of DNA ex-
traction. Using positive samples by the PBS-ECTmethod, the
ITS2-PCR assay proved to be useful; however, successful
PCR amplification was 55.2% (58/105). Interestingly, the re-
duction in successful detectionwas found to correlatewith the
intensity of eggs, where 100%was observed in 200–499 EPG
and 46%missing detection was found in 1–99 EPG. Because
of the very low intensity of eggs, insufficient DNA concentra-
tion could be obtained using the modified DNA extraction
method, of which 44.8% (47/105) samples could not be am-
plified using the ITS2-PCR assay. Another reason could be
specific primers used in PCR targeting the ITS2 region might
be nonspecific to the ITS2 region of other small intestinal fluke
eggs. Unfortunately, those of 47 negative ITS2-PCR samples
were not further molecularly identified using other target
genes, of which an existence of other small intestinal flukes
could not be proved in the study area. Non-Opisthorchis
eggs were likely to be C. sinensis and H. taichui because of
the finding of mixed infections in closely adjacent district
to this study area: Sanamchaikaet district, Chachoengsao
Province.10,13 The intensity of Opisthorchis-like egg infection
was estimated as the number of EPG of individual feces for
which 100%of low intensity ofOpisthorchis-like egg infection
(EPG<1,000)was observedamong all age-groups. This could
be the result of a control program using praziquantel treat-
ment annually provided by local public health officers. The
treatment aimed to reduce the intensity and severity of the
infection, which constitutes one key factor to reduce pro-
gression of O. viverrini infection to CCA.
The main risk factor associated with O. viverrini infection in

Thailand was reported and confirmed in several studies, that
is, uncooked fish consumption, mainly koi pla (chopped fish
salad).1,4,20,23 Other associated risks include male gender,24

age-group ³ 60 years, and alcohol consumption. The higher
prevalence of Opisthorchis-like egg infection among the el-
derly could have been related to their unchanged habits of
uncooked fish consumption. However, our study could not
show any significant difference between those who con-
sumed uncooked fish dishes and those who did not. The
highest prevalence of O. viverrini infection (15.3%) was still
observed among individuals aged > 59 years and decreased
prevalence in younger age-groups, which was similar to re-
lated studies conducted in other endemic areas of Thailand.20

In this study, using multivariate analysis, males were at 3.1
times higher risk of acquiringO. viverrini infection than females
after adjusting for gender, age, and koi pla consumption. A
related study reported that males were at 10 times higher risk
than females to acquireO. viverrini infection25 because of their
social behavior of consuming raw fish dishes.26,27 However,
nonresponse questionnaires were over 70%, which might
have resulted in bias when interpreting risk factors regarding
consumption behaviors.
Presently, effective prevention and control programs of

O. viverrini infection have focused on all school-aged groups
toward health education together with providing collective
consistent treatment to all infected individuals. Moreover,
annual screenings ofO. viverrini infection in the endemic areas

have been conducted for primary prevention programs of liver
fluke infection. A decline in the prevalence and incidence of
O. viverrini infection as well as CCA could be reached under
the effective strategies of these control programs.
Regarding the highly conserved ITS2 region, this gene re-

gion is unsuitable for predicting genetic relationships among
O. viverrini. Divergence and genetic diversity of each isolate
could not be solved and found. The use of variable gene re-
gions such as cox1 and nad1 could be more advantageous to
discriminate the genetic diversity to understand the distribu-
tion and transmission of O. viverrini in eastern Thailand. In-
terestingly, Buathong et al.10 found that the populations of
O. viverrini obtained from three villages in central Thailand
weremonophyleticandagreedwith thepopulationsofO.viverrini
along the Mekong River including Thailand, Lao PDR, and
Cambodia based on nad1 sequences.28 Thus, the genetic
structure of O. viverrini in Southeast Asia is homogeneous and
tends to be monophyletic probably because of population mi-
gration within the region. Although nad1 was described as a
powerful molecular maker for studying genetic relationships of
O. viverrini,28 no significant differences of genetic diversity were
observed within and among O. viverrini populations.10

In conclusion, the prevalence of Opisthorchis-like egg in-
fection was 8.4%, of which 55.2% O. viverrini eggs were iden-
tified using the ITS2-PCR assay. Using EPG of feces, low-
intensity infection (EPG < 1,000) was observed among all in-
fected individuals.Primarypreventionshouldbe implemented to
reduce incidence of infection in low-prevalence groups, such as
age-group<20,and toprevent themfromacquiring the infection
by consuming uncooked fish. In higher risk groups, men and
older age-groups, infected cases should be treated as sec-
ondary prevention, and long-termplans should be suggested to
implement prevention programs and reduce reinfection.
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