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Abstract: To know the prevalence of heterophyid trematodes among inhabitants of a southern coastal village, i.e.,
Sacho-ri, Gangjin-gun, Jeollanam-do (Province), 82 stool samples were examined on helminth eggs and protozoan
cysts using Kato-Katz and formalin-ether sedimentation techniques. Total 33 people (40.2%) were positive for trema-
todes (Heterophyes nocens; 15 people, Pygidiopsis summa; 3, Metagonimus sp.; 4, Clonorchis sinensis; 7,
Gymnophalloides seoi; 6) and/or protozoa (Entamoeba coli; 3). Among intestinal trematode egg positive cases, 17
were treated with praziquantel and their whole diarrheic stools were collected after purgation. Adult flukes of H.
nocens (number of specimens = 1,294), P. summa (386), Stellantchasmus falcatus (5), Stictodora lari (4), and
Heterophyopsis continua (1) were collected using a stereomicroscope. To know the source of human H. nocens infec-
tions in this village, metacercarial infections in mullets (10) were examined and most H. nocens metacercariae
(101/105, 96.2%) were found in the trunk portion. From above results, the surveyed coastal village has been newly

known as an endemic focus of human H. nocens infection and consuming raw mullets was the presumable source of
human heterophyid infections.
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ly in many coastal areas and islands (Chai et al., 2000,
2004; Chai and Lee, 2002). Human infections with het-

INTRODUCTION

In the Republic of Korea, the prevalence and inten-
sity of human soil-transmitted nematode infections
were remarkably decreased during last decades
through active parasite controls (Ministry of Health
and Social Affairs and Korea Association of Health,
1997). However, high prevalences of intestestinal
trematode infections have been reported consecutive-
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erophyids, particularly Heterophyes nocens and
Pygidiopsis summa, were indigenous to western and
southern coastal islands (Chai et al., 2004). Brackish
water fishes including mullets, gobies, and perches
are sources of human heterophyid infections (Chai
and Lee, 2002) and among them mullets are most
important for human infections with H. nocens and P.
summa (Sohn et al., 1994; Kim et al., 2006). People
residing in coastal areas can easily catch brackish
water fishes and frequently consume their raw freshes
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in sashimi style. In other words, people in those areas
are frequently exposed to re-infections with hetero-
phyids. We expected some correlations between
prevalences of human heterophyid infections and
metacercarial intensities of fish hosts in a localized
coastal area but little have been known about those. If
they had some correlations each other, we could pre-
sume the endemicity of human heterophyid infections
in coastal areas through metacercarial intensity in
their fish hosts and the geographical distribution.

In this study, we selected a small coastal village,
where the whole population was composed of 146
people and never studied about intestinal trematode
infections. Many of them enjoyed consuming raw
mullets in a sashimi style and therefore, strongly sus-
pected heterophyid infections. In this area, we tried to
know infection status of human intestinal trematodes
among villagers. In addition, metacercarial infections
in mullets caught at seashore near the studied village
were also studied.

MATERIALS AND METHODS

Area surveyed

The surveyed area, Sacho-ri, Sinjeon-myon,
Gangjin-gun, Jeollanam-do, is located on a southwest-
ern coast of the Republic of Korea (Fig. 1). Most vil-
lagers were attending to the farming and favored eat-
ing raw mullets in sashimi style, a potential source of
human infection with various species of heterophyids.

Fecal examinations

Total 82 fecal specimens, one specimen from each
person, were collected from the studied village in June
2003. Specimens were transported to the Department
of Parasitology and Tropical Medicine, Seoul National
University College of Medicine and stored at 4°C until
examined. Formalin-ether sedimentation and the
Kato-Katz thick smear techniques were used to detect
protozoan cysts and helminth eggs. Egg counting was
done in Kato-Katz thick smears, which contained
approximately 41.7 mg of a fecal sample per smear.
Eggs per gram of feces (EPG) were calculated from
egg counts in Kato-Katz thick smear x 24.

Fig. 1. Map showing the surveyed area, Sacho-ri (»),
Sinjeon-myon (Gangjin-gun, Jeollanam-do Province).

Worm collection

For adult fluke collection, we visited the village
again one month later (July 2003) and selected 17
cases which showed relatively high EPG in the previ-
ous fecal examination. They were treated with a single
dose (10 mg/kg) of praziquantel (Shinpoong
Pharmaceutical Co., Seoul, Korea) and purged with
magnesium salt after obtaining informed consent
from each person. Whole diarrheic stools passed suc-
cessively 4-5 times were collected and then individual
stools were washed several times with 20 volumes of
water and sieved with a 2-mm mesh to discard large
debris. After 10 min, the upper clean layer was dis-
carded and the lower dark layers was fixed with 2%
neutral-buffered formalin. Each sample was filled in
an individual bottle and transported to the
Department of Parasitology and Tropical Medicine,
Seoul National University College of Medicine and
examined for adult worms using a stereomicroscope.
Collected worms were counted and morphologically
identified under a light microscope.

Metacercarial infection in mullets

To know the metacercarial density according to
body portions in each fish and the infection rate, 10
mullets Mugil cephalus were caught in the estuary
nearby the surveyed village. The fish body was divid-
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ed into head, gill, trunk, fin and tail, and visceral
organs. Individual portions were digested in 0.6%
pepsin-HCI solution and filtered through 1-mm mesh
to discard large tissue debris. After 10 min, lower pre-
cipitates were examined for trematode metacercariae
using a stereomicroscope. Collected metacercariae
were identified morphologically by the size and shape
of their cysts, and by the characteristic features of
internal organs. Metacercariae of H. nocens were
round or slightly ellipsoid measuring 0.16-0.20 by
0.13-0.19 mm. The excretory bladder was round and
bluish brown or dark pinkish. The metacercarial cyst
of P. summa was globular, round to elliptical measur-
ing 0.19-0.29 by 0.16-0.29 mm. The excretory bladder
was X- or I-shaped and dark brown in color.
Metacercariae of H. nocens and P. summa as well as
other unidentified metacercariae were infected to 8-
week-old SD rats and tried to confirm or identify their

species by the adult worms obtained at a week post-
infection.

RESULTS

Prevalence of parasite infections among vil-

lagers

Of 81 fecal specimens examined, total cases of
helminth egg and/or protozoan cyst positives were 33
(40.7%) and 6 of them were infected with more than 2
species of parasites (Table 1). The overwhelming
majority of parasite infections among villagers was
heterophid flukes (22 persons; 27.2%) including H.
nocens and P. summa, followed by Clonorchis sinensis
(8.6%) and Gymnophalloides seoi (7.4%). Cysts of
Entamoeba coli were found in 3 specimens. Average
egg count per gram of feces was the highest in P.
summa followed by C. sinensis, H. nocens, Metagonimus
sp., and G. seoi (Table 1). Men (40.5%) were more
infected with various helminths than women (38.6%)
(P > 0.05) and most (87.5%) infected people were over
40 year-old. However, about H. nocens, women
(20.5%) were more infected than men (16.2%).

Worms collected from 17 villagers
Total 1,708 adult flukes were collected from 17 per-

Table 1. Prevalence of parasites by fecal examination in
residents of Sacho-ri, Sinjeon-myon (Gangjin-gun,
Jeollanam-do)

Parasite No. of EPG
positive (%) (average + SD)¥
No. examined 81
No. positive (egg/cyst)® 33 (40.7)
No. helminth egg positive 32 (39.5)

Heterophyes nocens 15(18.5) 48.0 £ 37.9
Pygidiopsis summa 3 3.7 72.0 £55.4
Metagonimus sp. 4 (4.9 32.0+13.9
Clonorchis sinensis 7 (8.6) 672 +59.8
Gymnophalloides seoi 6 (7.49) 24.0
Entamoeba coli 3 37 -

VEPG: eggs per gram of feces.
PMixed infections with more than 2 species of parasites
were found in 6 cases.

sons (average 101 flukes per person; 1-540 in range)
(Table 2). Among the flukes, H. nocens was the most
prevalent and heavily infected species. Total 1,294
adult flukes of H. nocens were recovered from 17 per-
sons (average 76.1, 1-267 in range). Total 386 adult P.
summa were collected from 1 person. Other trema-
todes including S. falcatus, S. fuscata, and H. continua
were also collected (Table 2).

Metacercariae in mullets

A total of 499 trematode metacercariae were collect-
ed from examined mullets, of which 5 were infected
with 105 H. nocens metacercariae and 7 were infected
with 18 P. summa metacercariae (Table 3). According
to body portions, H. nocens metacercariae were found
in trunk and head, and P. summa metacercariae were
found in gills, internal organs, head, and trunk (Table
3). Various metacercariae which were difficult to iden-
tify morphologically were collected from internal
organs, head, body, gills, and tail and pins (Table 3).
After infection to experimental animals, adult flukes
of H. nocens and P. summa were recovered. However,
no other flukes were found in the small intestine of
experimental animals.
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Table 2. Results of worm collection from villagers in Sacho-ri (Gangjin-gun)

Worms collected

Patient Age /sex
code Hon* P.s Sfa Sfu H.c Total
1 62/F 267 0 0 0 0 267
2 55/M 239 0 0 0 0 239
3 55/F 192 0 2 0 0 208
4 53/M 155 0 3 0 0 158
5 73/M 153 386 0 1 0 540
6 58/F 94 0 0 0 0 97
7 60/M 55 0 0 2 0 57
8 56/M 37 0 0 0 1 38
9 45/F 24 0 0 0 0 24
10 45/M 19 0 0 0 0 19
11 2/M 17 0 0 0 0 17
12 46/F 13 0 0 0 0 13
13 62/M 10 0 0 0 0 10
14 66/M 8 0 0 0 0 8
15 38/M 8 0 0 0 0 8
16 50/F 2 0 0 1 0 4
17 55/M 1 0 0 0 0 1
Total 1,294 386 5 4 1 1,708

*H.n: Heterophyes nocens, P.s: Pygidiopsis summa, S.fa: Stellantchasmus falcatus, S.fu: Stictodora fuscata, H.c: Heterophyopsis

continua

Table 3. The distribution and intensity of trematode metacercariae in the body part of 10 mullets collected from the

seashore of Sacho-ri (Gangjin-gun)

Part of mullet

Species of metacercaria

Head Gill Body Intestine Tail & pin Total
Heterophyes nocens 4 0 101 0 0 105
Pygidiopsis summa 2 12 1 3 0 18
Unidentified 123 2 41 208 2 376
areas, Sacheon-gun (18.8%) and Haenam-gun (10.3%)
DISCUSSION gun (18.8%) gun (10.3%

From this study, a coastal village of Gangjin-gun,
Jeollanam-do was proven to be an endemic focus of
various heterophyid flukes through the stool exami-
nation and worm collection. Out of 32 (39.5%)
helminth egg positive cases, 20 (24.7%) were infec-
tions with heterophyids including H. nocens (18.5%)
and P. summa (3.7%). This prevalence of human het-
erophyid infection was lower than those from south-
western coastal areas including Muan-gun (75.0%)
and Sinan-gun (42.9%) (Lee et al., 1994; Chai et al.,
1997), but higher than those from southern coastal

(Chai et al., 1998; Guk et al., 2006). Among adult
flukes collected from 17 villagers, the majority
(1,294/1,708; 75.8%) was H. nocens, even though a few
number of 3 heterophyid species including P. summa,
S. falcatus, and H. continua were also found. Therefore,
we knew that H. nocens was the most prevalent intesti-
nal parasite among villagers.

Since the first case report of a human infection with
H. nocens (Seo et al., 1981a), human infections have
been found sporadically in different coastal areas
(Chai et al., 1984, 1985; Sohn et al, 1989; Hong et al.,
1996; Guk et al., 2006). In a recent survey on western
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and southern coastal islands, human H. nocens infec-
tions were widely distributed even though infection
rates varied on each island (Chai et al., 2004). In that
survey, low prevalences of H. nocens infection were
observed among people residing on Pogildo (Island)
(6.8%), Nopdo (2.0%), and Nohwado (1.8%) in
Wando-gun (Chai et al., 2004), where locate nearby
the area of the present study. Prevalences of hetero-
phyid infections in such islands were lower than that
of the present study (18.5%).

Even in a small district, Gangjin-gun, the pattern of
parasite infections was different between northern
areas, where Tamjingang (river) passes through, and
southern coastal areas. In previous epidemiological
studies, northern villages of Gangjin-gun were known
to be endemic foci of human metagonimiasis and no
human infections with H. nocens and P. summa were
reported (Chai et al., 1977; Seo et al., 1981b). However,
in this study, the major human intestinal parasite was
H. nocens. Different facilities to catching and consum-
ing fresh water fishes or brackish water fishes should
influence on this different pattern of parasite infec-
tion. People in northern areas can easily catch and
consume sweetfishes, an important source of human
metagonimiasis, and people residing in southern
coastal areas can easily catch and consume mullets, an
important source of human H. nocens infection. Sweet-
fishes caught from Tamjingang were highly infected
with Metagonimus metacercariae (Seo et al., 1981c,
1982). In the present study, mullets caught nearby the
surveyed area were infected with many (105) H.
nocens metacercariae. Particularly, most (101, 96.2%)
H. nocens metacercariae were found in the trunk of
mullets, which were commonly consumed in sashimi
style.

In the Republic of Korea, human infections with
intestinal and liver flukes were more prevalent among
aged men over 40 year-old who had more chances to
consuming raw freshwater fishes or brackish water
fishes (Rim, 1990; Chai and Lee, 2002). In this study,
men were more infected with various helminths than
women. However, H. nocens infections were more
prevalent among men than women. It is not clear
whether women had more chances to consume raw

mullets than men in this village or not. In this village,
most human infections with intestinal flukes (87.5%)
including H. nocens (93.3%) were over 40 year-old.
These age prevalences can be explained that aged peo-
ple had more chances to consuming raw brackish
water fishes than young people and most people
(91.5%) residing in the surveyed village were old ages.

According to above results, we knew that many
inhabitants in the surveyed coastal village were infect-
ed with heterophyid flukes and among them H. nocens
infections were most prevalent. Mullets caught from
the seashore nearby the surveyed village were highly
infected with H. nocens metacercariae, particularly in
the trunk portion, and regarded as the source of H.
nocens infection.
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