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Abstract: A survey was performed to investigate the infection status of freshwater fish with zoonotic trematode metacer-
cariae in Phnom Penh and Pursat Province, Cambodia. All collected fish with ice were transferred to our laboratory and
examined using the artificial digestion method. In fish from Phnom Penh, 2 kinds of metacercariae (Opisthorchis viverrini
and Haplorchis yokogawai) were detected. O. viverrini metacercariae were positive in 37 (50.0%) of 74 fish in 11 species
(average no. metacercariae/fish, 18.6). H. yokogawai metacercariae were detected in 23 (57.5%) of 40 fish in 5 species
(average no. metacercariae/fish, 21.0). In fish from Pursat Province, 5 kinds of metacercariae (O. viverrini, H. yokogawai,
Haplorchis pumilio, Centrocestus formosanus, and Procerovum sp.) were detected; O. viverrini metacercariae (n=3) in 2
fish species (Henicorhynchus lineatus and Puntioplites falcifer), H. yokogawai metacercariae (n=51) in 1 species (P. falci-
fer), H. pumilio metacercariae (n=476) in 2 species (H. lineatus and Pristolepis fasciata), C. formosanus metacercariae (n=
1) in 1 species (H. lineatus), and Procerovum sp. metacercariae (n=63) in 1 species (Anabas testudineus). From the above
results, it has been confirmed that various freshwater fish play the role of a second intermediate host for zoonotic trema-

todes (O. viverrini, H. yokogawai, H. pumilio, C. formosanus, and Procerovum sp.) in Cambodia.
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INTRODUCTION

Zoonotic trematode infections are public health problems
in Asian countries, including Lao People's Democratic Repub-
lic (Lao PDR), Vietnam, Thailand, China, and Korea. Especial-
ly, fishborne trematodes (FBT) provoke a remarkable morbidi-
ty among local people as well as a serious damage in aquacul-
ture industry [1-3]. FBT infections in humans are almost en-
tirely caused by habitual consumption of raw fish containing
infective larvae (=metacercariae). These infections are highly
localized in riverside areas, especially where riparian popula-
tions have the raw fish eating habit. It has been known that
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riverside areas in Southeast Asia, especially the Mekong river
basin in Vietnam, Lao PDR, and Thailand, are highly endemic
with FBT infections [4-9].

Cambodia is located in the southern part of the Indochina
Peninsula in Southeast Asia, and bordered by Thailand to the
northwest, Lao PDR to the northeast, Vietham to the east, and
the Gulf of Thailand to the southwest. Administratively, it is
divided into 24 provinces including Phnom Penh Municipali-
ty which is located in the central south region, and on the banks
of the Tonle Sap Lake, Mekong, and Bassac rivers. Pursat Prov-
ince is located in the western part of the country and between
the Tonle Sap Lake and the northern end of the Cardamom
Mountains [10].

It has been known that many Cambodian people are infect-
ed with helminth parasites, such as soil-transmitted nematodes
and FBT including Opisthorchis viverrini [11-13]. This was re-
confirmed by fecal examinations during the Korea-Cambodia
International Collaboration Project on Intestinal Parasite Con-
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trol in Cambodia (2006-2011) [14,15]. With regard to FBT in-
fections, several investigators have previously reported that O.
viverrini are prevalent in some limited areas of Cambodia [14-
17]. Recently, Touch et al. [17] reported infection of freshwater
fish with O. viverrini metacercariae in areas adjacent to the Lake
500 near the border of Kandal and Takeo Provinces, southern
Cambodia [17]. Subsequently, adult O. viverrini specimens
were recovered from humans and experimental animals, and
metacercariae were detected in fish from Takeo and Kratie
Provinces [15,16]. However, in other localities of Cambodia,
no studies have been available on FBT metacercarial infections
in freshwater fish. Therefore, in this study, we investigated on
the infection status of freshwater fish with FBT metacercariae
in Phnom Penh and Pursat Province, Cambodia.

Table 1. Infection status of freshwater fish from Phnom Penh Mu-
nicipality, Cambodia, with Opisthorchis viverrini metacercariae

No. of metacercariae

No. of No. (%) detected

fish ex-  of fish

amined infected Totq Range Aver-
age

Fish species®

June 2006 and December 2007 (total 80 fish in 12 species)
Henicorhynchus siamensis 9 3333 52 443 173
Barbonymus schwanefeldi 5 (100) 373 11-128 74.6
Osteochilus melanopleurus 5 (80.00 36 1-18 9.0
Luciosoma bleekeri 2 (50.0) 1 - 1.0
Anabas testudineus 22
Catlocarpio siamensis 1
Pristolepis fasciata
Hypsibarbus lagleri
Rhynogobio sp.

Thynnichthys thynnoides
Cirrhinus jullieni
Henicorhynchus lineatus 0 - - -

November 2010 (total 104 fish in 15 species)
Cirrhinus microlepis 12 4333
Puntioplites proctozysron 10 7(70.0

(

5
4
1
0
0
O - - -
0
0
0
0

DN OO 0O

) 5 1-2 1.3

) 60 1-30 8.6
Cirrhinus jullieni 10 60.00 137 2-110 22.8
Labeo chrysophekadion 10 (40.0) 6 12 1.5
Thynnichthys thynnoides (14.3) 1 - 1.0
Barbonymus altus )
Henicorhynchus lobatus
Henicorhynchus siamensis 1
Paralaubuca typus
Syncrossus helodes
Lobocheilos rhabdoura
Luciosoma bleekeri
Osteochilus melanopleurus
Yasuhikotakia modesta
Yasuhikotakia lecontei

(333 18 - 180
f00) 1 - 1.0
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1
0
0
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0
0
0
0
0

- DN OO N O O o =+ w N

MATERIALS AND METHODS

We purchased a total of 184 freshwater fish (22 species) from
local markets of Phnom Penh Municipality through 3 differ-
ent times (in June 2006, December 2007, and November 2010)
and also purchased 36 fish (5 species) from a local market in
Pursat Province (in June 2007) (Fig. 1). The fish were trans-
ported to the Department of Parasitology and Institute of
Health Sciences, Gyeongsang National University School of
Medicine, Jinju, Korea under refrigeration. The fish species
were identified with the aid of the FishBase website (http://
www.fishbase.org/search.php) (Tables 1-3). Individual fish was
finely ground with a mortar or a grinder, the ground fish meat
was mixed with artificial gastric juice, and the mixture was in-
cubated at 36°C for 2-3 hr. The digested material was filtered
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Fig. 1. Surveyed areas, Phnom Penh (1) and Pursat (2), Cambodia.

Table 2. Infection status® of freshwater fish from Phnom Penh Mu-
nicipality, Cambodia, with Haplorchis yokogawai metacercariae

No. of metacercariae

No. of No. (%) detected
Fish species fish ex- of fish
amined infected Total Range VO
age
Puntioplites proctozysron 10 10 (100) 47 1-11 4.7
Cirrhinus jullieni 10 9(90.0) 315 2-150 35.0
Labeo chrysophekadion 10  2(20.0) 5 23 25
Lobocheilos rhabdoura 7 10143 11 - 11.0
Barbonymus altus 3 1(33.3 106 - 106.0
Total 40 23(7.5 484 1-150 21.0

?A total of 184 fish in 22 species were examined.

“The study was done in November 2010.
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Table 3. Infection status of freshwater fish from Pursat Province,
near the Tonle Sap Lake, Cambodia, with trematode metacercariae

No. of metacercariae

Trematode species leoa. of No. (%) detected
fish species |sh' ex- .Of fish .
amined infected Tota] Range ‘o
age
Opisthorchis viverrini
Henicorhynchus lineatus 10 (10. 1 - 1.0
Puntioplites falcifer 10 1(10.0) 2 - 2.0
Haplorchis yokogawai
Puntioplites falcifer 10 8(80.0) 51  1-27 6.4
Haplorchis pumilio
Henicorhynchus lineatus 10 9(90.0) 381 1-190 42.3
Pristolepis fasciata 2 1(50.0 95 - 95.0
Centrocestus formosanus
Henicorhynchus lineatus 10  1(10.0) 1 - 1.0
Procerovum sp.
Anabas testudineus 9 9(100) 63 1-20 7.0
Negative for metacercariae
Boesemania microlepis 5 0 = = =

#Total 36 fish were examined in June 2007. H. lineatus was positive for 3
kinds of metacercariae, and R, falcifer was positive for 2 kinds of meta-
cercariae.

with 1x1 mm of mesh, and washed with 0.85% saline until
the supernatant became clear. The sediment was carefully ex-
amined under a stereomicroscope, and metacercariae were
separately collected by their general morphological features.
The collected metacercariae were categorized according to the
size and morphological characteristics, and then the intensity
of infection and the infection rate were calculated according to
the species of fish positive for metacercariae.

RESULTS

In fish from Phnom Penh Municipality, 2 species of meta-
cercariae (O. viverrini and H. yokogawai) were found. The meta-
cercariae of O. viverrini were collected from 37 (50.0%) of 74
fish (11 of 27 species), and the average number of metacercari-
ae per fish was 18.6. Among the 11 fish species positive for O.
viverrini metacercariae, Barbonymus schwanefeldi was the most
heavily infected, with the average intensity of infection per fish
of 74.6 metacercariae (Table 1). The metacercariae of H. yokoga-
wai were detected from 23 (57.5%) of 40 fish (5 of 27 species),
and the average number of metacercariae per fish was 21.0 (Ta-
ble 2).

In fish from Pursat Province, 5 species of metacercariae (O.
viverrini, H. yokogawai, Haplorchis pumilio, Centrocestus formosa-
nus, and Procerovum sp.) were detected (Table 3). Total 3 O. vi-

verrini metacercariae were found in 2 fish species (Henicorhyn-
chus lineatus and Puntioplites falcifer). Total 51 H. yokogawai
metacercariae were detected in 8 (80%) of 10 P. falcifer exam-
ined. A total of 476 H. pumilio metacercariae were collected
from 9 (90%) of 10 H. lineatus and 1 (50%) of 2 Pristolepis fas-
ciata. Only 1 C. formosanus metacercaria was detected in 1 (10%)
of 10 H. lineatus. Total 63 Procerovum sp. metacercariae were de-
tected in all 9 (100%) Anabas testudineus examined (Table 3).

DISCUSSION

Metacercariae of 5 FBT species, namely, O. viverrini, H. yok-
ogawai, H. pumilio, C. formosanus, and Procerovum sp., were de-
tected in freshwater fish from Phnom Penh Municipality and
Pursat Province, Cambodia. In Phnom Penh Municipality, 2
FBT species (O. viverrini and H. yokogawai) were found, where-
as, in Pursat Province, 5 FBT species were detected. From previ-
ous studies in Cambodia, only 2 species of FBT metacercariae,
O. viverrini and H. yokogawai, were reported [15-17]. Touch et
al. [17] detected O. viverrini metacercariae in various species of
freshwater fish from areas adjacent to the Lake 500 near the
border of Kandal and Takeo Provinces, southern Cambodia
[17]. Sohn et al. [16] found O. viverrini metacercariae in 1 fish
species, Puntioplites proctozysron, from Takeo Province. Sohn et
al. [15] also detected O. viverrini and H. yokogawai metacercari-
ae in freshwater fish from Kratie Province. Therefore, by the
present study, it has been confirmed for the first time that the
3 additional species of FBT, namely, H. pumilio, C. formosanus,
and Procerovum sp., are distributed in Cambodia.

The number and species of fish examined in this study were
not much compared with the study of Touch et al. [17]. They
examined a total of 1,479 fish in 30 species by the compres-
sion method [17]. On the other hand, Sohn et al. [16] exam-
ined 2 fish species, P. proctozysron (n=>5) and Cyclocheilichthys
apagon (n=10), from Takeo Province, and Sohn et al. [15] ex-
amined 9 fish species (n=85) from Kratie Province. In the
present study, we examined a total of 184 freshwater fish (22
species) from several local markets of Phnom Penh Municipal-
ity and 36 fish (5 species) from a market of Pursat Province by
means of the artificial digestion method. Anyhow, there may
be some points to be considered which include the exact ori-
gin of the fish examined in this study. For example, fish pur-
chased from a local market of Phnom Penh Municipality may
not have been caught from Phnom Penh area. Those from Pur-
sat Province are not enough in the number and species of fish
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to show the epidemiological trend of FBT metacercariae infec-
tions in the subjected area and fish species.

As the second intermediate hosts of O. viverrini, 24 species
of freshwater fish (Barbonymus gonionotus, Cyclocheilichthys apogon,
Cyclocheilichthys armatus, Cyclocheilichthys enoplos, Cyclocheilich-
thys furcatus, Cyclocheilichthys repasson, Esomus metallicus, Ham-
pala dispar, Hampala macrolepidota, Hypsibarbus lagleri, Hypsibar-
bus pierrei, Hypsibarbus wetmorei, Labiobarbus lineatus, Mystaco-
leucus marginatus, Neolissochilus stracheyi, Onychostoma elonga-
tum, Onychostoma fusiforme, Osteochilus hasseltii, Paralaubuca
barroni, Poropuntius dearatus, Puntioplites falcifer, Puntioplites
proctozystron, Puntius brevis, and Puntius orphoides) have been re-
ported in Thailand and Lao PDR [18-22]. In Cambodia, Touch
et al. [17] detected O. viverrini metacercariae in 10 cyprinoid
fish species, i.e., Barbodes altus (=Barbonymus altus), C. apagon,
C. enoplos, H. dispar, H. macrolepidota, Henicorhynchus siamensis,
D, proctozysron, P. brevis, Systomus orphoides (= Puntius orphoides),
and Thynnichthys thynnoides, from Kandal and Takeo Provinces.
Sohn et al. [16] reported P. proctozysron as a fish host for O. vi-
verrini in Takeo Province, and Sohn et al. [15] detected O. vi-
verrini metacercariae in P. proctozysron, P. orphoides, and Labeo
chrysophekadion from Kratie Province, Cambodia.

In the present study, O. viverrini metacercariae were detected in
11 fish species (B. altus, B. schwanefeldi, Cirrhinus jullieni, Cirrhinus
microlepis, Henicorhynchus lobatus, H. siamensis, L. chrysophekadion,
Luciosoma bleekeri, Osteochilus melanopleurus, P. proctozysron, and
T. thynnoides) from Phnom Penh Municipality and 2 fish spe-
cies (Henicorhynchus lineatus and P. falcifer) from Pursat Prov-
ince. Therefore, in Cambodia, total 18 fish species (B. altus, B.
schwanefeldi, C. jullieni, C. microlepis, C. apagon, C. enoplos, H.
dispar, H. macrolepidota, H. lineatus, H. lobatus, H. siamensis, L.
chrysophekadion, L. bleekeri, O. melanopleurus, P. proctozysron, P.
brevis, P. orphoides, and T. thynnoides) have been confirmed to
be the second intermediate hosts for O. viverrini [15-17].

The prevalence and intensity of O. viverrini metacercariae
were relatively low in fish examined in the present study com-
pared to Lao PDR [21,22]. In Phnom Penh Municipality, the
average number of O. viverrini metacercariae per fish was 18.6
in 37 positive fish (11 species). Among the positive fish species,
B. schwanefeldi revealed the highest prevalence (100%) and in-
tensity (av. 74.6 metacercariae per fish). However, these results
were somewhat higher than those of Touch et al. [17]. They
detected total 789 O. viverrini metacercariae (4.8 per fish) in
163 positive fish (10 species) collected from Kandal and Takeo
Provinces, Cambodia. Some people in Phnom Penh like to eat

raw fish, as has been reported in Takeo Province [14,16,17], and
there may be a substantial number of opisthorchiasis patients in
Phnom Penh areas of Cambodia.

Distribution of H. yokogawai metacercariae has been report-
ed in Asian and Middle East countries such as India, Thailand,
Lao PDR, and Egypt, involving 43 fish species [21-28]. In the
present study, H. yokogawai metacercariae were detected in 5
fish species (P. proctozysron, C. jullieni, L. chrysophekadion, L.
rhabdoura, and B. altus) from Phnom Penh Municipality, and 1
species (P. falcifer) from Pursat Province. Sohn et al. [15] de-
tected them in 3 fish species (P. proctozysron, P. orphoides, and H.
siamensis) from Kratie Province, Cambodia [15].

Metacercariae of H. pumilio have also been found in Asian
and Middle East countries [21-28]. In China, 18 fish species
were found to harbour the metacercariae in Guangxi Zhuang
Autonomous Region [29]. In Vietnam, the metacercariae were
detected in 17 fish species from Nam Dinh Province [8] and
in 13 fish species from Hanoi City and Nam Dinh Province
[30]. In the present study, H. pumilio metacercariae were de-
tected in only 1 fish species (H. lineatus) from Pursat Province.

C. formosanus is known to be distributed in China, Taiwan,
Japan, the Philippines, India, Lao PDR, and Vietnam [8,20-22,
30-33]. Their metacercariae were detected in 9 fish species from
Lao PDR [20-22], and in 16 fish species from Vietnam [8,30].
In China, Sohn et al. [29] reported 10 fish species as the second
intermediate host in Guangxi Zhuang Autonomous Region. In
the present study, C. formosanus metacercariae were found in
only 1 fish (H. lineatus) from Pursat Province.

Procerovum sp. (presumed to be P, varium) metacercariae were
detected in all of 9 A. testudineus from Pursat Province in this
study. This fish species was previously reported to be a second
intermediate host for P. varium in Vietnam, together with 9
more fish species (L. rohita, H. molitrix, C. mrigala, C. idella, S.
curriculus, P. brachypomum, C. batrachus, B. gonionotus, and M.
cephalus) [8,30].

In conclusion, the present study confirmed that various spe-
cies of freshwater fish play the role of a second intermediate
host for various kinds of FBT (O. viverrini, H. pumilio, H. yok-
ogawai, C. formosanus, and Procerovum sp.) in Cambodia. Epi-
demiological studies to detect endemic areas of human FBT
infections remain to be undertaken in Cambodia.

ACKNOWLEDGMENTS

We thank Jung-A Kim and Hee-Ju Kim, Department of Para-



Chai et al.: Zoonotic trematode metacercariae from Cambodia

sitology, Gyeongsang National University School of Medicine,

Jinju, Korea, for their help in fish examinations. We also thank

th

e staff of the Korea Association of Health Promotion, Seoul,

Republic of Korea, who participated in the Korea-Cambodia

Cooperation Project on Parasite Control in Cambodia (2006-
2011).

th

10.

11.

CONFLICT OF INTEREST

We declare that we have no conflict of interest related with
is article.

REFERENCES

. WHO, Report of Joint WHO/FAO Workshop on Food-borne
trematode infections in Asia, Ha Noi, Vietham, November
2002,World Health Organization, WPRO, 2004; pp1-58.

. Chai JY, Murrell KD, Lymbery AJ. Fish-borne parasitic zoonoses:
status and issues. Int J Parasitol 2005; 35: 1233-1254.

. Andrews RH, Sithithawarn P, Petney TN. Opisthorchis viverrini: an
underestimated parasite in world health. Trends Parasitol 2008;
24:497-501.

. Radomyos B, Wongsaroy T, Wilairatana P, Radomyos P, Prae-
vanich R, Meesomboon V, Jongsuksuntikul P. Opisthorchiasis
and intestinal fluke infections in northern Thailand. Southeast
Asian ] Trop Med Public Health 1998; 29: 123-127.

. ChaiJY, Park JH, Han ET, Guk SM, Shin EH, Lin A, Kim JL, Sohn
WM, Yong TS, Eom KS, Min DY, Hoang EH, Phommasack B, In-
sisienmay B, Rim HJ. Mixed infections with Opisthorchis viverrini
and intestinal flukes in residents of Vientiane Municipality and
Saravane Province in Laos. ] Helminthol 2005; 79: 1-8.

. Chai JY, Han ET, Shin EH, Sohn WM, Yong TS, Eom KS, Min DY,
Um JY, Park MS, Hoang EH, Phommasack B, Insisienmay B, Lee
SH, Rim HJ. High prevalence of Haplorchis taichui, Prosthodendri-
um molenkampi, and other helminth infections among people in
Khammouane Province, Lao PDR. Korean J Parasitol 2009; 47:
243-247.

. Dung DT, De NV, Waikagul ], Dalsgaard A, Chai JY, Sohn WM,
Murrell KD. Fishborne intestinal zoonotic trematodiasis, Viet-
nam. Emerg Inf Dis 2007; 13: 1828-1833.

. Phan VT, Ersbell1 AK, Nguyen KV, Madsen H, Dalsgaard A. Farm-
level risk factors for fishborne zoonotic trematode infection in
integrated small-scale fish farms in northern Vietham. PLoS Negl
Trop Dis 2010; 4: 742-750.

. De NV, Le TH. Human infections of fish-borne trematodes in

Vietnam: prevalence and molecular specific identification at an

endemic commune in Nam Dinh province. Exp Parasitol 2011;

129:355-361.

Cambodia in Wikipedia - The free encyclopedia (http://en.

wikipedia.org).

Stich AHR, Biays S, Odermatt P, Men C, Saem C, Sokha K, Ly CS,

12.

13.

14.

15.

10.

17.

18.

19.

20.

21.

22

23.

24,

25.

39

Legros P, Philips M, Lormand JD, Tanner M. Foci of Schistosoma
mekongi, northern Cambodia: II. Distribution of infection and
morbidity. Trop Med Int Health 1999; 4: 674-685.

Lee KJ, Bae YT, Kim DH, Deung YK, Ryang YS, Kim H]J, Im KI,
Yong TS. Status of intestinal parasites infection among primary
school children in Kampongcham, Cambodia. Korean J Parasi-
tol 2002; 40: 153-155.

Sinuon M, Anantaphruti MT, Socheat D. Intestinal helminthic
infections in school children in Cambodia. Southeast Asian ]
Trop Med Pub Health 2003; 34: 254-258.

Yong TS, Shin EH, Chai JY, Sohn WM, Eom KS, Lee DM, Park K,
Jeong HG, Hoang EH, Lee YH, Woo HJ, Lee JH, Kang SI, Cha JK,
Lee KH, Yoon CH, Sinuon M, Socheat D. High prevalence of
Opisthorchis viverrini infection in a riparian population in Takeo
Province, Cambodia. Korean J Parasitol 2012; 50: 173-176.
Sohn WM, Yong TS, Eom KS, Pyo, KH, Lee, MY, Lim HM, Choe
§J, Jeong HG, Sinuon M, Socheat D, Chai JY. Prevalence of Opis-
thorchis viverrini infection in humans and fish in Kratie Province,
Cambodia. Acta Trop 2012; 124: 215- 220.

Sohn WM, Shin EH, Yong TS, Eom KS, Jeong HG, Sinuon M,
Socheat D, Chai JY. Adult Opisthorchis viverrini flukes in humans,
Takeo, Cambodia. Emerg Infect Dis 2011; 17: 1302-1304.

Touch S, Komalamisra C, Radomyos P, Waikagul J. Discovery of
Opisthorchis viverrini metacercariae in freshwater fish in southern
Cambodia. Acta Trop 2009; 111: 108-113.

Rim HJ. Opisthorchiasis. In CRC Handbook Series in Zoonoses,
Section C: Parasitic Zoonoses, Vol. III (Trematode Zoonoses),
Steele JH (ed.). Boca Raton, Florida, USA. CRC Press. 1982, p
109-121.

Kaewkes S. Taxonomy and biology of liver flukes. Acta Trop 2003;
88:177-186.

Scholz T, Ditrich O, Giboda M. Larval stages of medically impor-
tant flukes (Trematoda) from Vientiane Province, Laos. Part I.
Metacercariae. Ann Parasitol Hum Comp 1990; 65: 238-243.
Rim HJ, Sohn WM, Yong TS, Eom KS, Chai JY, Min DY, Lee SH,
Hoang EH, Phommasack B, Insisengmay S. Fishborne trematode
metacercariae detected in freshwater fish from Vientiane Munici-
pality and Savannakhet Province, Lao PDR. Korean ] Parasitol
2008; 46: 253-260.

Rim HJ, Sohn WM, Yong TS, Eom KS, Chai JY, Min DY, Lee SH,
Hoang EH, Phommasack B, Insisengmay S. Fishborne trematode
metacercariae in Luang Prabang, Khammuane and Saravane, Lao
PDR. Korean J Parasitol 2013; 51: 107-114.

Pande V, Premvati G. Development of metacercariae of Haplor-
chis spp. in chicks. Indian J Parasitol 1977; 1: 165-172.

Pearson JC, Ow-Yang CK. New species of Haplorchis from South-
east Asia, together with keys to the Haplorchis-group of hetero-
phyid trematodes of the region. Southeast Asian ] Trop Med Pub
Hlth 1982; 13: 35-60.

Pandey KC. Studies on metacercariae of freshwater fishes of In-
dia. 1. On the morphology of metacercaria of Haplorchis yokoga-
wai (Katsuta, 1932) Chen, 1936. Proc Nat Acad Sci India, Sect. B
1966; 36: 437.



40 Korean J Parasitol Vol. 52, No. 1: 35-40, February 2014

26. Pande BP, Shukla RP. Metacercarial cyst of Haplorchis pumilio, it’s
development in experimental mammals and two other hetero-
phyid infection of freshwater fishes and their zoonotic signifi-
cance. Indian ] Animal Sci 1972; 42: 971-978.

27. Kliks M, Tantachamrun T. Heterophyid (Trematoda) parasites of
cats in North Thailand, with notes on a human case found at
necropsy. Southeast Asian ] Trop Med Pub Hlth 1974; 5: 547.

28. Fahmy MA, Mandour AM, El-Naffar MK. Successful infection of
dogs and cats by Prohemistomum vivax Sonsino, 1893 and Haplor-
chis yokogawai Katsuta, 1922. ] Egyptian Soc Parasitol 1976; 6: 77.

29. Sohn WM, Eom KS, Min DY, Rim HJ, Hoang EH, Yang Y, Li X.
Fishborne trematode metacercariae in freshwater fish from
Guangxi Zhuang Autonomous Region, China. Korean J Parasitol

2009; 47: 249-257.

30. Chai JY, De NV, Sohn WM. Foodborne trematode metacercariae
in fish from northern Vietham and their adults recovered from
experimental hamsters. Korean ] Parasitol 2012; 50: 317-325.

31. Yanohara Y. On analysis of transmission dynamics of trematode
infection 1. Centrocestus formosanus infection in Miyakojima. Jpn
J Parasitol 1985; 34: 55-70.

32. Han ET, Shin EH, Phommakorn S, Sengvilaykham B, Kim JL, Rim
HJ, Chai JY. Centrocestus formosanus (Digenea: Heterophyidae)
encysted in the freshwater fish, Puntius brevis, from Lao PDR. Ko-
rean J Parasitol 2008; 46: 49-53.

33. Chai JY, Shin EH, Lee SH, Rim HJ. Foodborne intestinal flukes
in Southeast Asia. Korean J Parasitol 2009; 47 (suppl): S69-S102.



