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Abstract: To increase public health awareness for prevention of opisthorchiasis caused by eating raw freshwater fish, the
distribution and abundance of Opisthorchis viverrini metacercariae (OV MC) was investigated in freshwater fish obtained
from 20 provinces in northeastern Thailand between April 2011 and February 2012. A cross-sectional survey was conduct-
ed on 12,890 fish consisting of 13 species randomly caught from 26 rivers, 10 dams, and 38 ponds/lakes. Fish, were col-
lected in each of the rainy and winter seasons from each province. Fish were identified, counted, weighed, and digested
using pepsin-HCI. Samples were examined for OV MC by a sedimentation method, and metacercariae were identified
under a stereomicroscope. OV MC were found in 6 species of fish; i.e., Cyclocheilichthys armatus, Puntius orphoides,
Hampala dispar, Henicorhynchus siamensis, Osteochilus hasselti, and Puntioplites proctozysron from localities in 13 prov-
inces. Among the sites where OV MC-infected fish were found, 70.0% were dams, 23.7% were ponds/lakes, and 7.7%
were rivers. The mean intensity of OV MC ranged from 0.01 to 6.5 cysts per fish (or 1.3-287.5 cysts per kg of fish). A high
mean intensity of OV MC per fish (>3 cysts) was found in 5 provinces: Amnat Charoen (6.5 cysts), Nakhon Phanom (4.3),
Mukdahan (4.1), Khon Kaen, (3.5) and Si Sa Ket (3.4). In conclusion, OV MC are prevalent in natural cyprinid fish, with the

infection rate varying according to fish species and habitats.
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INTRODUCTION

Human small liver flukes are Clonorchis sinensis, Opisthorchis
felineus, and Opisthorchis viverrini. O. felineus is found in some
parts of the European Union and the former Soviet Union [1];
C. sinensis is seen in eastern Asia, including China, the Repub-
lic of Korea, Japan, and northern Vietnam; while O. viverrini is
found in Southeast Asia, including Thailand, Laos, Cambodia,
and southern Vietnam [1]. These flukes are among the fish-
borne zoonotic trematodes (FZT), so-called because the pri-
mary source of transmission is by eating freshwater fish, and
the parasites can cycle through animal hosts, with or without
human involvement. At least 10 million people in endemic ar-
eas are infected with O. viverrini and thus remain at risk for
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hepatobiliary disease and cholangiocarcinoma (CCA) [2]. In
Thailand, the highest prevalence of opisthorchiasis is found in
the northeastern region, where the incidence of CCA is also
high [2]. Widespread infection in humans in this region is due
to the people’s fondness for eating raw, semi-cooked, or fer-
mented fish dishes, which may be contaminated with meta-
cercariae [3]. After ingestion an infective stage, metacercariae
excyst and migrate into the biliary system, causing hepatobili-
ary disease during long-term infection and increasing the po-
tential risk for CCA [1,2].

Cyprinid freshwater fish are abundant and easily caught in
Southeast Asian countries. They are a primary source of protein
among rural residents, and are usually consumed raw or as in-
adequately cooked dishes such as koi-pla, lab-pla, pla-som, and
pla-ra [4,5]. Every day, millions of people eat infected fish pre-
pared in these ways. Moreover, the lack of hygienic toilet facili-
ties completes the epidemiological cycle by facilitating the re-
turn of O. viverrini eggs to waterways, where they are first con-
sumed by Bithynia snails and cercariae emerging from the snails
subsequently encyst in cyprinid fish species. Recently, it has
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been reported that the prevalence of FZT metacercariae in aqua-
cultured fish in Khon Kaen Province, Thailand is high (46.9%)
[6], which may further increase the possibility of transmission
to humans who consume them raw or under improperly
cooked conditions. Although opisthorchiasis is still persistent
in northeastern Thailand due to raw fish consumption, no
survey has yet attempted to identify high-risk regions in all 20
provinces. A previous survey in 2 provinces in northeastern
Thailand revealed that the seasonal variation of O. viverrini in-
fection in cyprinid fish with maximal distribution of metacer-
carial intensity was seen during February and December [7].

In this survey, natural freshwater fish were randomly caught
from large bodies of water not subject to drought, including
dams, ponds/lakes, and rivers in 20 provinces of northeastern
Thailand, over a 10-month period (April 2011 to February 2012).
Fish were identified, counted, weighed, and digested by pep-
sin-HCL. O. viverrini metacercariae (OV MC) were collected us-
ing a sedimentation method and identified under a stereomi-
croscope. The present results may have a significant impact on
food quality and safety, and provide data to assist the develop-
ment of an effective strategy for the targeted prevention and
control of foodborne diseases in high-risk regions in northeast-
ern Thailand.

MATERIALS AND METHODS

Fish collection

Freshwater fish were caught from 74 bodies of water, includ-
ing 26 rivers, 10 dams, and 38 ponds/lakes, located in 20 prov-
inces of northeastern Thailand between April 2011 and Febru-
ary 2012. Ponds/lakes not subject to conditions of drought were
included in selection criteria. Five to 10 kg (except, 0.9 kg for
Loei and 3 kg for Udon Thani) of fish were collected in each of
the rainy and winter seasons. Fish were transferred on ice to the
laboratory of the Department of Parasitology, Faculty of Medi-
cine, Khon Kaen University, Khon Kaen, Thailand, where they
were identified by comparison with the FishBase online at
http://www.fishbase.org/home.htm.

O. viverrini metacercariae isolation and identification
Pools of the same fish species from each sampling site were
counted, weighed, and then homogenized in a blender with
0.25% pepsin-1.5% HCI (Wako Pure Chemical Industries,
Osaka, Japan) in 0.85% NaCl solution. Each mixture was incu-
bated in a shaking water bath at 37°C for 1 hr. The digested

materials were filtered through a series of sieves (1,000, 300,
106, and 250 pm mesh) and then washed with 0.85% NaCl in
a sedimentation jar until the supernatant became clear. Finally,
the metacercariae in the sediment were isolated and identified
under a stereomicroscope. The metacercariae were identified
based on morphological criteria such as the size of cysts, fold-
ed body displaying vigorous movement within the cyst, and
prominent and clearly visible oral and ventral suckers as de-
scribed previously [8]. Also, the mean intensity [9] of OV MC
was calculated by counting the number of OV MC detection
divided by the kilogram of fish or by the number of fish.

Statistical analysis

Data were expressed as the mean + SD. The statistical signifi-
cance of the frequency of positive sites among dams, rivers,
and ponds/lakes was analyzed by the Mann-Whitney U test.
Statistical analysis was performed using SPSS version 15 (SPSS
Inc., Chicago, lllinois, USA). A P-value less than 0.05 was con-
sidered statistically significant.

RESULTS

Distribution of O. viverrini metacercariae in freshwater fish

A total of 214.5 kg of fish were collected from 74 bodies of
water, including dams, rivers, and ponds/lakes, in 20 provinces
in northeastern Thailand. OV MC-infected fish were found in
24.3% (18/74) of sites. Among these 18 sites, 70.0% (7/10)
were dams, 23.7% (9/38) were ponds/lakes, and 7.7% (2/26)
were rivers (Table 1; Fig. 1). The prevalence of positive sites of
dam was significantly higher than ponds/lakes, and ponds/
lakes was significantly higher than river, in the order (Fig. 1).
In the case of river sites, infected fish were found only in branch-
es of the main river; OV MC were not identified in any fish
collected from the main stream of any river. OV MC were de-
tected in 13 provinces: Yasothon, Ubon Ratchathani, Nakhon
Ratchasima, Khon Kaen, Sakon Nakhon, Si Sa Ket, Surin, Buri
Ram, Amnat Charoen, Mukdahan, Chaiyaphum, Nakhon
Phanom, and Nong Khai (Table 1). Notably, OV MC were de-
tected in freshwater fish from all provinces in 2 of the 3 De-
partments of Prevention and Control of Disease (DPC), i.e.,
DPC5 and DPC7 (Fig. 2). In contrast, OV MC were not detect-
ed in fish collected from Roi Ft, Maha Sarakham, Kalasin, Loei,
Nong Bua Lam Phu, Bueng Kan, and Udon Thani, all located
in DPC6. To confirm the results, fish were re-collected from
the same sites in a different season (rainy or winter season as
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Table 1. The number of positive regions for O. viverrini metacer-
cariae-infected fish per sampling region in 20 provinces of north-
eastern Thailand

No. of positive sites/No. of

sampling sites Total no. of posi-

Province tive sites/No. of
Rivers Dams Ponds/  sampling sites
Lakes

Yasothon 0/4 - 2/3 2/7
Ubon Ratchathani - 1/2 - 1/2
Nakhon Ratchasima 01 2/2 0/3 2/6
Sakon Nakhon - 1/2 0/1 1/3
Si Sa Ket 0/3 1/1 1/3 2/7
Surin - - 1/2 1/2
Buri Ram - 11 0/2 1/3
Amnat Charoen 0/1 - 1/3 1/4
Mukdahan - - 1/4 1/4
Khon Kaen 0/2 11 11 2/4
Chaiyaphum 0N - 2/2 2/3
Nakhon Phanom 1/3 - 0/2 1/5
Nong Khai 1/3 - 01 1/4
Roi Et - - 0/3 0/3
Maha Sarakham 01 - 0/2 0/3
Kalasin - 0/1 0/1 0/2
Loei 0N - - 0/1
Nong Bua Lam Phu 0/ - - 0/1
Bueng Kan 0/3 - 0/3 0/6
Udon Thani 0/2 - 0/2 0/4
Positive samples/ 2/26 7/10 9/38 18/74

total samples

appropriate). However, the second collection yielded results
similar to the first for all sampling sites (data not shown). The
prevalence of OV MC in freshwater fish for each province is
shown in Fig. 2.

Freshwater fish specific for O. viverrini metacercarial
infection

A total of 12,890 freshwater fish were collected, which com-
prised of 13 species; Cyclocheilichthys armatus, Hampala dispar,
Puntioplites proctozysron, Puntius orphoides, Oreochromis niloticus,
Pristolepis fasciatus, Devario regina, Labeo chrysophekadion, Barbo-
nymus gonionotus, Rasbora tornieri, Henicorhynchus siamensis, Os-
teochilus hasselti, and Chitala ornata. Of these, 6 species were in-
fected with OV MC: C. armatus, P. orphoides, H. dispar, H. sia-
mensis, O. hasselti, and P. proctozysron. C. armatus was found in
9 provinces and H. dispar in 4 provinces, while the other 4 spe-
cies (P. orphoides, H. siamensis, O. hasselti, and P. proctozysron)
were each detected in only 1 province. The fish most common-
ly contaminated with OV MC were C. armatus and H. dispar.
The distribution of OV MC infection in freshwater fish collect-
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Fig. 1. Distribution of O. viverrini metacercaria (OV MC)-infected
fish. Natural fish were obtained from 26 rivers, 10 dams, and 38
ponds/lakes located in 20 provinces in northeastern Thailand. The
percentage of positive sites was calculated as described in Mate-
rials and Methods. The distribution of OV MC was found to occur
in the following order: dams >ponds/lakes > rivers.
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Fig. 2. Prevalence of OV MC-infected fish in northeastern Thai-
land. Natural fish were obtained from 74 bodies of water in various
areas of 20 provinces in northeastern Thailand according to the
Departments of Prevention and Control of Disease (DPC), DPC5,
DPCB6, and DPC?7. Fish, 5-10 kg, were collected from each prov-
ince at 2 different seasons of the year, rainy and winter. Fish were
digested with 0.25% artificial pepsin and examined for the pres-
ence of OV MC. The percentage of OV MC prevalence was cal-
culated from the number of positive sites per number of sites
sampled.
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Table 2. Species of fish, habitat of collection, weight, number of fish, and number of O. viverrini metacercariae (OV MC)-infected fish in
13 positive provinces in Thailand

Province Species of fish Habitats W(i'g)m ofo(i)s: h ’\C/l)é Nc,)\;co v Province Species of fish Habitats W(?gg)ht o?‘fci)sl h ,a\cl No’\r/|1c(>) o
1.Yasothon  Cyclocheilichthys AB 24 193 9 few Puntius orphoides A 0.4 23 0 0
armatus Pristolepis fasciatus B 1 37 0 0
Hampala dispar B 2.5 10 0 few Devario regina A 0.5 69 0 O
Puntioplites procto- B 2.1 117 0 0 Osteochilus hasselti B 2.6 26 0 0
zysron 9.Mukdahan  Henicorhynchus B 9.7 802 591 few
Puntius orphoides B 1 72 0 0 siamensis
Oreochromis niloticus B 1.6 25 0 0 Cyclocheilichthys B 0.4 28 115 0
Pristolepis fasciatus B 0.2 4 0 0 armatus
Henicorhynchus AB 15.4 968 0 0 Osteochilus hasselti B 1.8 17 0 0
siamensis Chitala ornata B 0.6 8 0 0
2.Ubon Cyclocheilichthys @ 3 217 4 few 10.Khon Kaen Hampala dispar © 0.7 10 35 few
Ratchathani  armatus Osteochilus hasselti  C,B 1.8 52 0 0
Hempala dispar C 1 47 0 few Puntioplites procto- © 0.8 27 0 o0
Henicorhynchus C 0.5 13 0 few zysron
siamensis Cyclocheilichthys B 7 525 795 0O
Devario regina C 0.5 26 0 many armatus
Puntioplites procto- C 0.1 2 0 0 Henicorhynchus B 0.2 4 3 0
zysron siamensis
Labeo chrysopheka- ~ C 0.6 13 0 O 11. Chai- Cyclocheilichthys AB 37 197 330 many
dion yaphum armatus
Barbonymus C 0.5 17 0 0 Puntius orphoides B 2 126 0 0
gonionotus 12.Nakhon  Henicorhynchus A 5.7 447 0 few
Rasbora tornieri C 0.6 42 0 O Phanom siamensis
Pristolepis fasciatus C 0.3 16 0 O Osteochilus hasselti A 1.2 23 98 few
Osteochilus hasselti C 0.1 3 0 0 Hampala dispar B 1.6 42 o 0
Puntius orphoides c 42 384 0 0 Puntius orphoides A 21 264 0 0
3. Nakhon Puntius orphoides AB,C 7.7 639 33 many 13.Nong Khai  Henicorhynchus A 4.2 139 0 0
Ratchasima  Cyclocheilichthys C 2.8 360 0 many siamensis
armatus Cyclocheilichthys A 21 112 0 0
Hampala dispar B,C 2.1 55 0 0 armatus
4.Sakon Cyclocheilichthys B,C 45 181 14 many Puntioplites procto- A 2.7 83 94 0
Nakhon armatus zysron
Hampala dispar B,C 2.6 58 34 0 Hampala dispar B 2.2 21 0 0
Henicorhynchus B,C 6.1 199 0 0 14.Roi Et Cyclocheilichthys B 3.2 286 0 few
siamensis armatus
Puntius orphoides B,C 0.6 39 0 0 Henicorhynchus B 6.3 516 0 few
Osteochilus hasselti ~ B,C 1.4 44 0 O siamensis
5.SiSaKet  Cyclocheilichthys B,C 96 758 2,580 few 15.Maha Henicorhynchus AB 66 228 0 0
armatus Sarakham  siamensis
Puntius orphoides A 12 180 0 0 Cyclocheilichthys A 1 43 0 0
Rasbora tornieri A 1.3 221 0 o0 armatus
Henicorhynchus AC 45 195 0 0 Puntioplites procto- B 1.8 19 0 0
siamensis zysron
Devario regina A 2 351 0 0 16.Udon Thani Cyclocheilichthys AB 2 230 0 few
6. Surin Cyclocheilichthys B 49 345 16 few armatus
armatus Puntius orphoides B 1 161 0 0
Hampala dispar B 19 55 3 0 17.Nong Bua  Puntioplites procto- A 1.7 55 0 0
Henicorhynchus B 48 422 0 0 Lam Phu Zysron
siamensis Henicorhynchus A 2.4 32 0 0
Devario regina B 22 164 0 0 siamensis
Barbonymus B 25 9 0 0 18. Loei Cyclocheilichthys A 0.9 20 0 0
gonionotus armatus
7 Buri Ram Cyclocheilichthys c 1.4 41 12 many 19.Bueng Kan Cyclocheilichthys AB 2.1 1562 0 0
armatus armatus
Hampala dispar c 15 5 0 many Puntius orphoides B 1.9 195 0 0
Henicorhynchus BB 45 143 0 o0 Hampela dispar B 12 16 0 0
siamensis Osteochilus hasselti A 1.6 32 0 0
Barbonymus C 25 7 0 0 Puntioplites procto- A 1.6 81 0 few
gonionotus zysron
8. Amnat Hampala dispar B 19 8 520 0 20. Kalasin Cyclocheilichthys B.C 7 650 0 0
Charoen  Henicorhynchus A 13 164 0 few armatus
siamensis Hampala dispar B.C 4 188 0 0
Cyclocheilichthys AB 0.8 32 0 few Total 2145 12,890 4,818
armatus

A, B, and C refer to river, ponds/lakes, and dam, respectively.
Few=less than 100 cysts; Many=more than 100 cysts.
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Fig. 3. Intensity of OV MC infection in cyprinid fish, by province of Thailand.

ed from 13 positive provinces is shown in Table 2.

O. viverrini metacercarial intensity in cyprinid fish

The mean intensity of OV MC per fish was classified as low
(less than 1 cyst), moderate (1-3 cysts), and high intensity (more
than 3 cysts). Data were presented as the average of OV MC
per fish of any given species (Fig. 3). Fish with high intensity
(>3 cysts) of infection were found in Amnat Charoen (6.5
cysts), followed by Nakhon Phanom (4.3), Mukdahan (4.1),
Khon Kaen (3.5), and Si Sa Ket (3.4). A moderate intensity of
OV MC per fish was found in Chaiyaphum (1.7 cysts) and
Nong Khai (1.1). A low intensity of OV MC per fish was found
in Sakon Nakhon (0.6 cysts), followed by Buri Ram (0.3), Ya-
sothon (0.1), Nakhon Ratchasima (0.1), Surin (0.1), and Ubon
Ratchathani (0.0). In addition, the intensities of OV MC per
fish among 3 DPC regions were analyzed. Fish species in the
order of OV MC intensity were C. armatus (2.0), H. dispar (0.1),
and P. orphoides (0.1) in DPC5; P. orphoides (3.5), C. armatus
(1.5), and H. dispar (0.8) in DPC6; and C. armatus (8.5), P. or-
phoides (7.8), and H. dispar (4.3) in DPC7.

In Yasothon, Ubon Ratchathani, Si Sa Ket, Buri Ram, and
Chaiyaphum, C. armatus was the only OV MC-infected species.
Also, only 1 fish species was found to be infected in Nakhon
Ratchasima, Amnat Charoen, Nakhon Phanom, and Nong
Khai; P. orphoides, H. dispar, O. hasselti, and P. proctozysron, te-
spectively. Notably, in Khon Kaen, Sakon Nakhon, Surin, and

Mukdahan, more than 1 species of fish were infected with OV
MC.

DISCUSSION

Freshwater cyprinid fish are the second intermediate host of
the human liver flukes O. viverrini. Although infected fish are
found throughout many parts of southern Vietnham [10], Cam-
bodia [11,12], Laos [13], and Thailand [14], the fish species
most likely to be contaminated are different in each region.
For example, in Savannakhet Province in Laos, OV MC were
found in 6 species of fish: Puntius brevis, H. dispar, Esomus me-
tallicus, Mystacoleucus marginatus, Puntioplites falcifer, and C. ar-
matus [13]. In Vientiane, Laos, OV MC were found in 7 species
of fish: Onychostoma elongatum, C. armatus, H. dispar, P. brevis,
Cyclocheilichthys repasson, O. hasselti, and Hypsibarbus lagleri [15].
Similarly, we found differences across provinces in northeast-
ern Thailand in the identities of the most heavily infected fish
species. This may due to the difference of water reservoirs, fish
biodiversity in the Mekong basins, and the Anthropocene al-
teration of these ecosystems [16]. Moreover, other ecological
systems such as snail and snail-fish interaction [17], as well as
people’s defecation habits and prevalence in reservoir host, may
differ.

In Thailand, cyprinid fish species infected with OV MC are
mostly in the genus Cyclocheilichthys, Puntius, and Hampala
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[14,18-20]. In a survey conducted in 2012, at least 5 additional
fish species were reported to be infected with OV MC, namely
Barbonymus gonionotus (Puntius gonionotus), Cirrhinus mrigala,
Cyprinus carpio, Ctenopharyngodon idellus, and Hypophthalmich-
thys molitrix [21]. In the present study, out of 13 different fresh-
water fish species collected from rivers, dams, and pondslakes,
OV MC were detected in 6 species; C. armatus, H. siamensis, H.
dispar, O. hasselti, P. proctozysron, and P. orphoides.

The different species of OV MC-infected fish in Thailand may
be due to the different numbers of fish identified and the peri-
od of the study. For example, during our recent survey from
April 2011 to February 2012 at Nakhon Ratchasima, 3 species
of freshwater fish consisting of 639 P. orphoides, 360 C. armatus,
and 55 H. dispar were collected from rivers, dams, and ponds/
lakes; 33 OV MC were detected only in P. orphoides. In a previ-
ous survey in 2010 in the same province, a total of 640 cypri-
nid fish comprising 5 species were collected from different study
sites. Of these, 12.3% were positive for OV MC infection. These
infected fish were predominantly C. armatus, C. repasson, P.
proctzysron, Hampala macrolepidota, and H. dispar [22]. In con-
trast, no OV MC-infected fish were found in 3 species (52 Pun-
tius leiacanthus, 22 C. armatus, and 5 H. dispar) in a study con-
ducted in the year 2000 in the same province [23]. The nega-
tive result for fish caught in the main stream of rivers [23] is in
agreement with our present findings. This result can be ex-
plained by the shoaling effect similar to other trematode cer-
cariae via behaviour-mediated differences in exposure between
shoaling and non-shoaling fishes [24]. Moreover, the negative
result of OV MC identification from Loei and Udon Thani
provinces may due to the low number of fish collection than
other province.

OV MC intensities may differ depending on the site and
time of year of fish collection. The intensity in infected fish
was 1.0-15.0 per infected fish in southern Cambodia [11],
while it was 252 per infected fish in Laos [13]. In Thailand, OV
MC intensity in infected fish in the northeastern area (8-88 cysts
per fish) was higher than that in the northern area (1.4 cysts
per fish) [19], in accordance with the prevalence of O. viverrini
infection in humans. In northeastern Thailand, there appears
to have been a dramatic reduction in OV MC intensity: from
intensities of 8-88 cysts per fish between April 1980 and March
1981 [20] to 0.01-6.5 cysts per fish between April 2011 and
February 2012 in the present study. Although the intensity of
OV MC in fish has decreased markedly over the last 30 years, a
high intensity of OV MC per fish (>3 cysts) is still found in

some provinces, i.e. Amnat Charoen, Nakhon Phanom, Muk-
dahan, Khon Kaen, and Si Sa Ket. For example, in Khon Kaen,
the average number of OV MC per fish (0.8-3.5 cysts) in this
survey was similar to the average number (1.7 cysts or 127.4
per kg) found in the survey conducted in 1991-1992 [7]. In
contrast to the results of a previous survey in 1992-1996 in
which OV MC were found in fish from Udon Thani [14], in
the present study, no OV MC were detected in 391 fishes ob-
tained from 2 rivers and 2 ponds/lakes in Udon Thani. More-
over, no OV MC infection was observed in fish collected from
some DPC6 provinces, including Roi Et, Maha Sarakham, Ka-
lasin, Loei, Nong Bua Lam Phu, and Bueng Kan. The contra-
dictory result may be due to the flooding effect that happened
in 2011 in these regions leading to the habitats and population
dynamics of the 2 intermediate hosts, Bithynia snails and cyp-
rinid fish [7,25]. Nevertheless, the increase number of fish col-
lection (> 5 kg of fish) and sampling in the hot or dry season
in these negative provinces might reveal some infected fish,
something requiring further research. In addition, the species
of fish infected with OV MC in DPC5, DPC6, and DPC7 re-
gions were similar (C. armatus, H. dispar, and P. orphoides), while
the numbers of OV MC per fish were different, suggesting the
population genetics of Bithynia snails, the first intermediate
hosts of O. viverrini in Thailand, might influence the transmis-
sion of cercariae to fish [26].

The metacercarial load in fish was positively associated with
infection levels among humans. A high prevalence of positive
locations in DPC7 (28.1%) and a high intensity of OV MC in
fish in Amnat Charoen, Nakhon Phanom, and Mukdahan
Provinces may account for these areas having the highest rate
of human infections (32.6% for Amnat Charoen, 60.8% for
Nakhon Phanom, and 29.5% for Mukdahan, based on a re-
cent survey in northeastern Thailand by the DPC during 2009)
[27]. Likewise, a high infection rate in natural hosts, such as
cats and dogs, in Khon Kaen [28] was found to be related to
the high intensity of OV MC in fish in that province. Moreover,
the low intensity of OV MC per fish in Nakhon Ratchasima is
in keeping with the low prevalence of human opisthorchiasis
there (2.5%) [29]. In contrast, in Yasothon Province, although
aquaculture fish were found to have low infective potential,
the infection rate in humans was high (38.7%) [30]. This re-
sult implies that eating raw fish behavior of people living in
this region might occur more frequently. To prevent a relative
risk of opisthorchiasis-associated CCA in this endemic area [2],
education program should be made for more awareness of
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safe eating behavior. Nevertheless, the transmission of OV MC
from fish to humans might vary, and is the net result of a com-
plex interplay between the host and parasite [31]. Therefore,
further research should investigate the correlation of OV MC
intensity in fish, eating behavior, and the infection rate in hu-
mans in this region.

In conclusion, OV MC infection is endemic in natural fresh-
water cyprinid fish in northeastern Thailand. Fish obtained
from dams had a higher frequency of OV MC infection than
fish from ponds/lakes and rivers, respectively. C. armatus, H. si-
amensis, H. dispar, O. hasselti, P. proctozysron, and P. orphoides
were found to be infected with OV MC. Fish collected from
water bodies in Si Sa Ket, Chaiyaphum, Mukdahan, Khon
Kaen, Nakhon Phanom, and Nong Khai Province had a high
prevalence of OV MC infection. Education and health promo-
tion programs are necessary for urgent prevention of the spread
of O. viverrini infection to humans in areas with a high intensi-
ty of infection.
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