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Abstract: We surveyed on the infection status of zoonotic trematode metacercariae (ZTM) in freshwater fishes from Soy-
ang-cheon (a branch stream of Mangyeong-gang) in Wanju-gun, Jeollabuk-do, the Republic of Korea. A total of 927 fish-
es were individually examined with the artificial digestion method during 2013-2015 (462 fish in 15 spp.) and 2018-2019
(465 fish in 25 spp.). Clonorchis sinensis metacercariae were detected in 207 (31.4%) out of 659 fishes in 14 positive fish
species (PFS), and their mean intensity was 114 per fish infected (PFl). Metagonimus spp. metacercariae were found in
302 (37.4%) out of 808 fishes in 21 PFS, and their mean intensity was 12 PFl. Centrocestus armatus metacercariae were
detected in 222 (59.0%) out of 376 fishes in 12 PFS, and their mean intensity was 383 PFI. Echinostoma spp. metacer-
cariae were found in 139 (22.1%) out of 628 fishes in 10 PFS, and their mean intensity was 7 PFI. Clinostomum compla-
natum metacercariae were detected in 14 (6.5%) out of 214 fishes in 4 PFS, and their mean intensity was 2.4 PFI. Metor-
chis orientalis metacercariae were detected in 36 (13.5%) out of 267 fishes in 5 PFS, and their mean intensity was 4.3 PFI.
Conclusively, the prevalence and infection intensity of ZTM is generally not so high in fishes from Soyang-cheon. Howev-
er, those of C. sinensis metacercariae are more or less higher in 2 fish species, Pungtungia herzi and Sarcocheilichthys
variegatus wakiyae.
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INTRODUCTION

Infections of fishborne zoonotic trematodes (FZT) includ-
ing Clonorchis sinensis affect the health of more than 20 million
people around the world. FZT provoke remarkable morbidity
and cause serious damage to fish aquaculture in developing
countries. In the Republic of Korea (Korea), FZT infection is
one of the important public health problems [1]. A team (Di-
vision of Vectors and Parasitic Diseases) of Korea DCPA (Korea
Disease Control and Prevention Agency) has performed the
control project for zoonotic trematode infections in some en-
demic areas in Korea. The main control target of the project
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was clonorchiasis, C. sinensis infection. Therefore, the team of
Korea DCPA has continuously paid attentions and made ef-
forts to decrease the endemicity of clonorchiasis in endemic
areas, especially, riverside areas of major rivers, in southern re-
gions of Korea [2-5].

Freshwater fishes, the infection sources of FZT, have been
also examined by the co-working group of Korea DCPA to re-
veal the epidemiological situations in several water systems of
major rivers in Korea [6-16]. The infections of digenetic trema-
tode metacercariae (DTM) including C. sinensis were surveyed
in freshwater fish from the water systems of Hantan-gang
(gang means river) and Imjin-gang in northern regions of Ko-
rea [8]. The infection status of C. sinensis metacercariae (CsMc)
was investigated in freshwater fishes from the water systems of
Seomjin-gang and Tamjin-gang [9,10]. The infection character-
istics of CsMc were also investigated in freshwater fish from 3
highly endemic sites (branch streams of Nakdong-gang), Wi-
cheon (cheon means stream), Yongjeon-cheon and Yang-
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cheon, in Gyeongsangbuk-do and Gyeongsangnam-do, Korea
[11-13]. Recently, Sohn et al. [14,15] reported the infection
status with ZIM in fishes from Geum-gang and with DTM in
fishes from coastal lakes in Gangwon-do, Korea. Sohn and Na
[16] described the infection status of DTM in freshwater fishes
from 2 visiting sites, Junam-jeosuji (jeosuji means reservoir)
and Woopo-neup (neup means swamp), of migratory birds in
Gyeongsangnam-do, Korea.

Soyang-cheon is a branch stream of Mangyeong-gang in Je-
ollabuk-do, Korea. It flows from the Mandeok-san (san means
mountain), unites with some streams at Wanju-gun and Jeon-
ju-si, Jeollabuk-do, forms main river, Mangyeong-gang, and
reaches the Yellow Sea [17]. On the other hand, epidemiologi-
cal studies have been performed to investigate the infection
status of CsMc and DTM in fishes from Mangyeong-gang
[18,19]. However, these studies were performed at early
1980’s, and the large-scale survey on the infection status of
ZTM has not been conducted yet in this region. Therefore, in
this study, we investigated the infection status of ZTM in fresh-
water fishes from Soyang-cheon in Wanju-gun, Jeollabuk-do
during 2 survey periods, the former (2013-2015) and the latter
periods (2018-2019).

MATERIALS AND METHODS

We collected total 927 freshwater fishes (30 species) in Soy-
ang-cheon (a branch stream of Mangyeong-gang) located in
Wanju-gun (Latitude: 36.114265; Longitude: 127.587748), Je-
ollabuk-do, Korea (2013-2015 and 2018-2019).

Total 462 freshwater fish (15 species) were examined for 3
years (2013-2015). Fishes (No. of fish) examined were Pung-
tungia herzi (98), Zacco temminckii (60), Pseudogobio esocinus
(55), Coreoperca herzi (53), Odontobutis platycephala (49), Hemi-
barbus longirostris (42), Carassius auratus (30), Zacco platypus
(20), Pseudobagrus koreanus (15), Acheilognathus yamatsutae
(13), Acheilognathus lanceolatus (10), Sarcocheilichthys variegatus
(7), Acanthorhodeus macropterus (6), Acanthorhodeus gracilis (3),
Opsariichthys uncirostris (1).

Total 465 freshwater fish (25 species) were examined for 2
years (2018-2019). Fishes (No. of fish) examined were P. herzi
(87), Z. platypus (80), P. esocinus (68), O. platycephala (57), H.
longirostris (52), Zacco koreanus (28), C. herzi (23), Gnathopogon
strigatus (11), Pseudobagrus fulvidraco (10), P. koreanus (10), Ik-
sookimia longicorpa (9), Koreocobitis naktongensis (4), Coreoleucis-
cus splendidus (4), Squalidus chankaensis (3), Hypomesus nippon-

ensis (3), Acheilognathus koreensis (3), S. variegatus (2), Siniperca
scherzeri (2), C. auratus (2), Misgurnus anguillicaudatus (2), Mi-
cropterus salmoides (1), Z. temminckii (1), Acheilognathus rhombe-
us (1), Rhynchocypris oxycephalus (1), Cobitis sinensis (1).

All collected fishes with ice were transferred to the laborato-
ry of Department of Parasitology and Tropical Medicine,
Gyeongsang National University College of Medicine, Jinju,
Korea. All fishes were individually treated with the conven-
tional artificial digestion method after identification of fish
species [20]. Each species of ZTM were separately collected
viewing from the general feature, and were counted to get hold
of the prevalence (%) and intensity of infection (No. of ZTM
per fish infected) by fish species [21,22].

RESULTS

The metacercariae of C. sinensis (CsMc) were detected in 207
(31.4%) out of 659 fishes in 14 positive fish species (PFS), and
their infection intensity was 114 per fish infected (PFI). The
prevalences were 48.1% and 21.8%, but mean intensities were
22 and 230 PFI in the former (2013-2015) and the latter peri-
ods (2018-2019). The infection status of CsMc by the fish spe-
cies and survey period was revealed in Table 1 in detail. The
infection status with CsMc by the survey year was detailedly
shown in Supplementary Table S1. Metagonimus spp. metacer-
cariae (MsMc) were found in 302 (37.4%) out of 808 fishes in
21 PFS, and their infection intensity was 12 PFI. The preva-
lences were 39.1% and 35.9%, and mean intensities were 4
and 19 PFI in the former and latter periods. The infection sta-
tus of MsMc by the fish species and survey period was de-
tailedly designated in Table 2.

The metacercariae of Centrocestus armatus (CaMc) were de-
tected in 222 (36.5%) of 608 fishes in 12 PFS and their infec-
tion intensity was 383 PFI. The overall infection status of
CaMc by the fish species was shown in Table 3 in detail. Echi-
nostoma spp. metacercariae (EsMc) were found in 139 (20.7%)
out of 671 fishes in 10 PFS and their infection intensity was 7
PFL The overall infection status of EsMc by the fish species was
detailedly revealed in Table 4. The metacercariae of Clinosto-
mum complanatum (CcMc) were detected in 14 (6.5%) out of
216 fishes in 4 PFS and their infection intensity was 2.4 PFI.
The overall infection status of CcMc by the fish species was
designated in Table 5 in detail. The metacercariae of Metorchis
orientalis (MoMc) were found in 36 (11.2%) out of 322 fishes
in 5 PFS and their infection intensity was 4.3 PFL. The overall
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Table 1. Infection status of Clonorchis sinensis metacercariae (CsMc) in fish from Soyang-cheon (stream) in Wanju-gun, Jeollabuk-do,

Korea

Year and fish sp. No. of fish examined

No. (%) of fish infected

No. of CsMc detected

Range Average
2013-2015
Pungtungia herzi 98 (99.0) 1-225 25.8
Pseudogobio esocinus 55 (3.6) - 1.0
Hemibarbus longirostris 42 (7.1) - 1.0
Zacco platypus 20 (10.0) - 1.0
Acheilognathus yamatsutae 13 (30.8) 1-2 1.3
Sarcocheilichthys variegatus 7 (100) 1-19 7.3
Acanthorhodeus macropterus 6 (16.7) - 1.0
Subtotal 241 (48.1) 1-225 22.2
2018-2019
Pungtungia herzi 87 (66.7) 1-2,310 351
Zacco platypus 80 (5.0) 1-7 3.3
Pseudogobio esocinus 68 (16.2) 1-5 1.7
Odontobutis platycephala 57 (1.8) - 1.0
Hemibarbus longirostris 52 (5.8) 2-6 3.7
Zacco koreanus 28 (3.6) - 1.0
Coreoperca herzi 23 (4.4) - 1.0
Gnathopogon strigatus 11 (45.5) 1-2 1.6
Coreoleuciscus splendidus 4 (25.0) - 1.0
Squalidus chankaensis 3 (100) 3-6 4.7
Acheilognathus koreensis 3 (33.9) - 11.0
Sarcocheilichthys variegatus 2 (100) 75-433 254
Subtotal 418 (21.8) 1-2,310 230
Total 659 (31.4) 1-2,310 113.6

infection status of MoMc by the fish species was detailedly
shown in Table 6.

DISCUSSION

In this study, more than 6 species of ZTM, i.e,, C. sinensis,
Metagonimus spp., C. armatus, Echinostoma spp., C. complana-
tum and M. orientalis, were detected in fishes from Soyang-
cheon in Wanju-gun, Jeollabuk-do, Korea. Their individual
prevalences and infection intensities were relatively not so
high when we compared with those of some other regions |6-
16]. However, the infection intensity with CsMc was over 110
in the latter period (2018 and 2019), and especially, those in 2
fish species, i.e., P. herzi and S. variegatus wakiye, were 351 and
254 PFIL On the other hand, it has been known that the inten-
sity of infection increases in proportion to the prevalence.
However, the prevalence (48.1%) of CsMc in the former peri-
od was much higher than that (21.8%) in the latter period, but
the intensity of infection was much higher in the latter period
(230 PEI) than that in the former period (22 PFI). In case of

index fish, the striped shinner, P. herzi, the prevalence was also
higher in the former period but the intensity of infection was
much higher in the latter period. There are obvious discrepan-
cies between the prevalence and intensity of infection on the
CsMc infections in this study. It may be the reason why the en-
demicities with CsMc in 2 fish species, P. herzi and S. variegatus
wakiye, were relatively high in 2019, meanwhile those in all
positive fish species including P. herzi were very low in 2018
(Supplementary Table S1).

A total of 927 fish in 30 species were examined in this study.
Among them, Pungtungia herzi (20.0%) was most dominantly
examined and followed by P. esocinus (13.3%), O. platycephala
(11.4%), Z. platypus (10.8%), H. longirostris (10.1%), C. herzi
(8.2%), Z. temminckii (6.6%), C. auratus (3.5%), Z. koreanus
(3.0%), and P. koreanus (2.7%). Only 10 fish species were ex-
amined more than 25 fish individuals and remain 20 fish spe-
cies were examined less than 4.4 fish in average respectively.
Rhee et al. [18,19] examined total 380 fish in 32 species col-
lected from Mangyeong-gang. Among them, total 11 fish spe-
cies, i.e,, Carassius carassius (C. auratus) (15.8%), Cultriculus ei-
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Table 2. Infection status of Metagonimus spp. metacercariae (MsMc) in fish from Soyang-cheon (stream) in Wanju-gun, Jeollabuk-do,
Korea

No. of MsMc detected

Year and fish sp. No. of fish examined No. (%) of fish infected
Range Average
2013-2015
Pungtungia herzi 98 40 (40.8) 1-7 2.0
zacco temminckii 60 35 (58.3) 1-27 4.3
Pseudogobio esocinus 55 16 (29.1) 1-22 5.8
Odontobutis platycephala 49 7 (14.9) 1-2 1.1
Hemibarbus longirostris 42 20 (47.6) 1-6 2.6
Carassius auratus 30 3(10.0) 1-2 1.3
Zacco platypus 20 15 (75.0) 2-19 9.0
Acheilognathus yamatsutae 13 1(7.7) - 1.0
Sarcocheilichthys variegatus 7 4(57.1) 2-3 25
Acanthorhodeus macropterus 6 6 (100) 2-6 4.3
Acanthorhodeus gracilis 3 2 (66.7) 2-7 45
Opsariichthys uncirostris 1 1(100) -
Subtotal 384 150 (39.1) 1-27 3.8
2018-2019
Pungtungia herzi 87 12 (13.8) 1-12 25
Zacco platypus 80 65 (81.3) 1-36 8.7
Pseudogobio esocinus 68 13 (19.1) 1-6 1.8
Odontobutis platycephala 57 14 (24.6) 1-6 2.0
Zacco Koreanus 28 25 (89.3) 1-890 90.4
Hemibarbus longirostris 52 4.(7.7) 1-3 1.5
Coreoperca herzi 23 2(8.7) - 1.0
Gnathopogon strigatus 11 8 (72.7) 1-8 1.5
Coreoleuciscus splendidus 4 3(75.0) 1-2 1.8
Koreocobitis naktongensis 4 1(25.0) - 1.0
Squalidus chankaensis 3 1(33.3) - 2.0
Acheilognathus koreensis 3 1(33.3) - 1.0
Misgurnus anguillicaudatus 2 1(50.0) - 1.0
Zacco temminckii 1 1(100) - 3.0
Rhynchocypris oxycephalus 1 1(100) - 2.0
Subtotal 424 152 (35.9) 1-890 19.3
Total 808 302 (37.4) 1-890 1.6

Table 3. Overall infection status of Centrocestus armatus metacercariae (CaMc) in fish from Soyang-cheon (stream) in Wanju-gun, Jeol-
labuk-do, Korea

No. of CaMc detected

Fish sp. No. of fish examined No. (%) of fish infected
Range Average

Pseudogobio esocinus 123 2(1.6) - 1.0
Odontobutis platycephala 106 1(0.9) - 8.0
Zacco platypus 100 100 (100) 2-5,845 663
Hemibarbus longirostris 94 9(9.6) 1-14 5.6
Coreoperca herzi 76 8(10.5) 1-52 15.5
Zacco temminckii 61 61 (100) 3-2,536 250
Zacco koreanus 28 28 (100) 2-472 50.9
Sarcocheilichthys variegatus 9 3(33.9 1-2 1.7
Acanthorhodeus macropterus 6 6 (100) 123-631 293
Acanthorhodeus gracilis 8 2 (66.7) 32-34 338.0
Opsariichthys uncirostris 1 1(100) - 2.0
Acheilognathus rhombeus 1 1(100) - 13.0
Total 608 222 (36.5) 1-5,845 383
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Table 4. Overall infection status of Echinostoma spp. metacercariae (EsMc) in fish from Soyang-cheon (stream) in Wanju-gun, Jeollabuk-

do, Korea
No. of EsMc detected
Fish sp. No. of fish examined No. (%) of fish infected
Range Average

Pungtungia herzi 185 34 (18.4) 1-3 1.4
Pseudogobio esocinus 128 14 (11.4) 1-18 8.8
Odontobutis platycephala 106 69 (65.1) 1-107 12.0
Hemibarbus longirostris 94 2(2.1) 1-17 9.0
Coreoperca herzi 76 13(17.1) 1-3 1.4
Zacco temminckii 61 2 (3.9 - 1.0
Gnathopogon strigatus 11 19.1) - 1.0
Iksookimia longicorpa 9 1(11.1) = 2.0
Koreocobitis naktongensis 4 1(25.0) - 1.0
Misgurnus anguillicaudatus 2 2 (100) 3-4 35
Total 671 139 (20.7) 1-107 7.0

Table 5. Overall infection status of Clinostomum complanatum metacercariae (CcMc) in fish from Soyang-cheon (stream) in Wanju-gun,

Jeollabuk-do, Korea

No. of CcMc detected

Fish sp. No. of fish examined No. (%) of fish infected

Range Average
Pungtungia herzi 185 11(6.9) 1-3 1.8
Acheilognathus yamatsutae 13 1(7.7) - 9.0
Sarcocheilichthys variegatus 9 1(11.1) - 2.0
Iksookimia longicorpa 9 1(11.9) = 2.0
Total 216 14 (6.5) 1-9 2.4

Table 6. Overall infection status of Metorchis orientalis metacercariae (MoMc) in fish from Soyang-cheon (stream) in Wanju-gun, Jeolla-

buk-do, Korea

No. of MoMc detected

Fish sp. No. of fish examined No. (%) of fish infected
Range Average

Pungtungia herzi 185 11(56.9 1-3 1.8
Pseudogobio esocinus 128 2(1.6) - 1.0
Iksookimia longicorpa 9 1(11.1) - 1.0
Koreocobitis naktongensis 4 2 (50.0) 5-85 45.0
Cobitis sinensis 1 1(100) - 10.0
Total 322 36 (11.2) 1-85 4.3

genmanni (Hemiculter leucisculus) (8.7%), Pseudorasbora parva
(8.2%), Aphyocypris chinensis (7.6%), Z. platypus (7.4%), A.
gracilis (6.3%), Gnathopogon majimae (Squalidus gracilis maji-
mae) (5.0%), Coreoleuciscus splendidus (5.0%), Pseudoperilampus
uyekii (Rhodeus uyekii) (4.5%), Rhodeus ocellatus (4.0%), and
Gnathopogon coreanus (Squalidus japonicas coreanus) (4.0%),
were examined more than 15 fish individuals. Major fish spe-
cies in this study is completely different from that in Rhee et al.
[18,19] except for C. auratus. It is suggested that the fish ecology
has been changed for more than 30 years in Mangyeong-gang.
The metacercariae of C. sinensis (CsMc) were detected in 207

(31.4%) out of 659 fishes in 14 (46.7%) PFS, and their infec-
tion intensity was 114 PFI in this study. However, Rhee et al.
[18] found CsMc in 93 (59.2%) out of 157 fishes in 12
(37.5%) PFS, with the infection intensity of 42 PFI. Among 12
fish species with CsMc in Rhee et al. [18], false dace, Pseudoras-
bora parva, was the most prevalent (96.8%) with the highest
intensity of infection (119 CsMc PFI). Meanwhile, total 4 out
of 8 P. herzi examined were infected with 5 CsMc in average. At
that time, P. parva was most susceptible fish with CsMc and re-
garded as the index fish host in clonorchiasis epidemiology. In
this study, no P. parva was examined at all, but P. herzi was
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most dominantly examined as the index fish host for clonor-
chiasis epidemiology.

In this study, Metagonimus spp. metacercariae (MsMc) were
detected in 302 (37.4%) out of 808 fish in PFS, and their in-
fection intensity was about 12 PFI. In case of rasborinid fish
species, Zacco spp. and Opsariichthys uncirostris, the prevalence
with MsMc was 74.6% and the intensity of infection was about
22 PFIL Rhee et al. [19] detected MsMc in 164 (43.2%) out of
380 fish examined from Mangyeong-gang, the same river in
this study, in 1983. Recently, Sohn et al. [23] surveyed the in-
fection status of MsMc in fishes from Seomjin-gang and Tam-
jin-gang. They reported 55.4% and 57.7% prevalences, and 96
and 138 MsMc intensities in fishes from 2 rivers respectively.
In the rasborinid fish from the water systems of Hantan-gang
and Imjin-gang, MsMc prevalences were 73.9% and 72.1%,
and MsMc intensities were 43 and 19 PFI [8]. From the find-
ings of previous studies, we can suppose that the endemicity
with MsMc in this study is much lower than those in Seomjin-
gang and Tamjin-gang, and similar with those in Hantan-gang
and Imjin-gang.

Rhee et al. [19] detected CaMc in 7 fish species, i.e., A. chi-
nensis, C. auratus, C. splendidus, Microphysogobio yaluensis, R.
uyekii, P. parva, and Z. platypus, from Mangyeong-gang in Jeol-
labuk-do, Korea. They checked the prevalence and intensity of
infection with the muscle compression method, and the prev-
alence and intensity of infection with CaMc were very low. In
this study, CaMc were detected from 222 (36.5%) out of 608
fishes in 12 positive species, i.e., Z. platypus, Z. temminckii, Z.
koreanus, O. uncirostris, P. esocinus, H. longirostris, S. variegatus, A.
macropterus, A. gracilis, A. thombeus, O. platycephala, and C. her-
zi, and the mean intensity of infection was 383 PFL. Moreover,
in the most susceptible fish hosts of CaMc, 3 species of chub,
Z. platypus, Z. temminckii, and Z. koreanus, the prevalence was
100%, but the mean intensity of infection was 439 PFIL. The
endemicity of CaMc in chubs from Soyang-cheon is similar
with that from Seomjin-gang, but it is much lower than that
from water systems of other major rivers in Korea [24].

Infection status of Echinostoma spp. metacercariae (EsMc)
was not so high in fish from Soyang-cheon in this study. They
were detected in 139 (20.7%) out of 671 fish in 10 positive
species, and their mean intensity of infection was 7 PFl. How-
ever, in Korean dark sleeper, O. platycephala, their prevalence
was 65.1% and the mean intensity of infection was 12.0 PFL
Recently, Sohn et al. [14] reported 100% prevalence and about
48 EsMc intensity in Korean dark sleepers from Yugu-cheon (a

branch of Geum-gang) in Gongju-si, Chungcheongnam-do.
On the other hand, the endemicities of 2 ZTM, C. complana-
tum and M. orientalis, were very low in fishes from Soyang-
cheon in this study, when we compared with those of other re-
gions [25].

Although more than 6 species of ZTIM, i.e., C. sinensis, Meta-
gonimus spp., C. armatus, Echinostoma spp., C. complanatum and
M. orientalis, were detected in this study, their individual ende-
micities were generally not so high. However, the endemicities
with CsMc in 2 fish species, P. herzi and S. variegatus wakiye,
were relatively high (422 and 254 CsMc PHI) in 2019, the last
examination year. The endemicity of EsMc was also relatively
high in Korean dark sleeper, O. platycephala, from Soyang-
cheon, in Wanju-gun, Jeollabuk-do, Korea. These particular
epidemiological situations should be continuously checked to
surveil the zoonotic trematode infections in the future.
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