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Oysters, Crassostrea gigas, as the second intermediate host

of Gymnophalloides seoi (Gymnophallidae)
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Abstract: Gymnophalloides seoi has drawn medical attentions since the discovery of the
first human case and a highly endemic area on a southwestern coastal island of Shinan-
gun, Korea. Marine bivalves especially oysters were strongly suspected as the source of
infection. In this study the oysters, Crassostrea gigas, naturally produced from the
endermic area were examined whether they contain gymnophallid metacercariae. All of 50
oysters examined were infected with the metacercariae of a gymnophallid, with the
metacercarial density per oyster of 610 on average (2-4,792 in range). Later they were
identified as G. seoi by obtaining adult worms from experimental mice. The metacercariae
were unencysted, and firmly attached on the mantle surface of the oysters with their oral
sucker. In sectioned specimens they were equipped with the ventral pit, a peculiar organ of
the genus Gymnophalloides, and non-muscular genital pore which was connected dorsally
to the seminal vesicle. The seminal vesicle was in a great majority mono-sac. By this study,
it has been confirmed that the oyster is a 2nd intermediate host of G. seoi as well as the
major source of human infection with this fluke.
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INTRODUCTION

Gymnophalloides seoi Lee, Chai and Hong,
1993 (Digenea: Gymnophallidae) was described
as a new human intestinal trematode from a
woman patient who suffered from acute
pancreatitis, with the adult flukes collected
after anthelmintic treatment and purgation
(Lee et al., 1993). Thereafter, its epidemiologic
significance has grown remarkably, and a
highly endemic area was discovered on a
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southwestern coastal island of Shinan-gun,
Chollanam-do (Lee et al., 1994). The oyster was
strongly suspected as the source of infection
since it has been the food of favour by most of
the villagers of the endemic area (Lee et al,
1994), and as the metacercariae of
Gymnophalloides tokiensis, another species of
the same genus, were described from the
Japanese oyster (Ching, 1972).

In the present study we found that the
oysters naturally produced nearby the endemic
village were carrying the metacercariae of a
gymnophallid, and identified them as G. seoi
by obtaining adult flukes after experimental
infection to ICR mice.

MATERIALS AND METHODS

More than fifty oysters, Crassostrea gigas



—

(Fig. 1), were collected from Aphae-myon,
Shinan-gun, the known endemic area of G.
seoi (Lee et al., 1994). The oysters were easily
collected from the tideland during the ebb tide.
After opening the shell with a dull knife, the
mantle surface of the oysters were carefully
examined under stereomicroscopy whether
they contain gymnophallid metacercariae
which are usually unencysted (Ching, 1965,
1972 & 1973). In order to isolate the
metacercariae from the mantle, the oysters
were slightly digested in artificial digestive
Jjuice at 37°C for 5 minutes. The metacercariae
freed were collected under a stereornicroscépc.
They were washed in saline, fixed in 10%
formalin, and stained with Semichon's
acetocarmine, followed by mounting in canada
balsam.

Some pieces of the infected oysters were
fixed in 10% formalin, paraffin-sectioned, and
stained with hematoxylin and eosin to observe
the internal structures. Some other pieces of
the infected oysters were fixed in cold 5%
glutaraldehyde solution and processed for
scanning electron microscopy (SEM).

In order to obtain adult flukes, five ICR mice
were experimentally fed 100 metacercariae
each. They were sacrificed by cervical
dislocation on the 7th day after infection. The
small intestine was resected and opened along
the mesenteric border, and the intestinal villi
were gently scratched by a glass slide to
recover the worms firmly attached to the villi.
The adult flukes were collected under a
stereomicroscope, fixed with 10% formalin
under cover slip pressure, and observed after
stain with Semichon’'s acetocarmine.
Measurements were done on 10 fixed
specimens and given in micrometers (um) with
the range followed by the mean in parentheses.

RESULTS

1. Infection status of the oysters with
G. seoi metacercariae

All of the oysters, C. gigas (Fig. 1), examined
were found infected with the metacercariae of
G. seoi (Table 1). The number of metacercariae
infected per oyster was 610 in average, and 2-
4,792 in range. The metacercarial density had
no relationship with the size of oysters (data

not shown). The metacercariae were mainly
located on the mantle surface near the hinge of
the shell, and as the infection density was
increased they were spread toward the mouth
part of the oyster. The heavily infected regiorn
looked as white dots even with naked eyes (Fig.
2). Peculiarly, the regions parasitized with the
metacercariae showed brownish discolorations
(Fig. 3).

2. Morphology of G. seoi metacercariae

Body small and pyriform, and covered
entirely with fine tegumental spines (Fig. 4).
Anterior end round and posterior end slightly
pointed. The body length 346 (310-386), width
228 (205-258). Oral sucker large and well
developed, 109 (94-127) by 122 (102-140), with
ventrolateral lips. Pharynx round and
muscular, 31 (28-37) by 37 (31-47). Esophagus
very short, and succeeded to inflated oval ceca.
Ventral pit located posterior to midline, 12 (7-
19} by 30 (24-38). Ventral sucker located about
1/3 of body length from posterior end, 52 (46-
66) by 56 (51-67). Genital pore small,
inconspicuous, maximum width one half the
size of ventral pit, opening at anterior margin
of ventral sucker, not surrounded by
prominent muscle fibers. Ovary and testes in
posterior 1/3, but not easily observed due to
numerous excretory granules. Excretory
bladder V shaped extending to oral sucker
level, filled with many tiny refractile granules
(Fig. 4).

Table 1. Metacercarial density of Gymnophal-
loides seoi in oysters, Crassostrea
gigas, collected from Aphae-myon,
Shinan-gun

Metacercarial density!) No. oysters
1-999 41
1,000-1,999 5
2.000-2,999 2
3,000-3,999 0
4,000-4,999 2
Total 50

INo. of metacercariae/oyster: average 610 (range
2-4,792)



Fig. 1. The oysters, Crassostrea gigas, collected from Aphae Island. Fig. 2. Grouped metacercariae of G.
seof (arrows) on the mantle surface of the oyster. Scale bar: 1.5 cm. Fig. 3. Magnification of Fig. 2,
showing numerous unencysted metacercariae of G. seoi (arrows) on the surface of the oyster. Scale bar: 2
mm. Fig. 4. A metacercaria of G. seoi showing the oral sucker, ventral sucker (VS). ventral pit (VP), and
excretory bladder (EB). Scale bar = 100 pym.



3. Sectional and SEM views of G. seoi
metacercariae in situ of the oysters
The metacercariae were sucking the
extrapallial epithelia of the mantle of oysters
with their well developed oral sucker (Figs. 5 &
6), just like adult intestinal flukes sucking the
host’s intestinal villi. They were frequently
found in groups {Figs. 5 & 7). In midline
sections of the metacercariae, the well
developed oral sucker, short blind ceca, ventral
sucker, genital pore, and ventral pit (Fig. 6)
were seen. The presence of the muscular
ventral pit and non-muscular genital pore at
the anterior margin of the ventral sucker
warranted its generic diagnosis of
Gymnophalloides (Ching, 1972). The seminal
vesicle was observed in a majority of cases as a
mono-sac rather than bipartite ones.

4. Recovery and morphology of the
adult fluke

The recovery rate of the adult fluke from 5
experimentally infected mice was 19.0% on
average at the 7th day after the infection. The
morphological details of the adults were as
follows:

Body oval with round anterior and pointed
posterior ends, similar to metacercariae.
Length 433 (404-490), width 294 (274-315).
Whole body surface covered with tegumental
spines. Oral sucker so stout as to strongly
attach to bottom of petri dish, 129 (117-145)
by 142 (135-158). Prepharynx absent, and
muscular pharynx geared to oral sucker.
Esophagus short. Ceca short, saccate, and
inflated, usually ending before midbody.
Ventral pit median, transversely elongated,
surrounded by strong muscle fibers as seen in
suckers, wide, at about 1/3 of body length
from posterior end. Two testes elliptical and
located posterolateral to veniral sucker. Ovary
elliptical, anteromedial to right testis. Seminal
vesicle frequently bipartite. Genital pore small,
inconspicuous, opening at level of anterior
margin of ventral sucker. Vitellaria two
compact follicular masses, anterolateral to
ventral sucker. Uterus with anterior loops to
level of pharynx, mostly in midline. Eggs
embryonated, and ellipical with thin,
transparent shell. Excretory bladder V-shaped,

arms reaching to oral sucker.
DISCUSSION

In the present study the gymmnophallid
metacercariae found from the oysters, C. gigas,
collected nearby the endemic area in Shinan-
gun (Lee et al., 1994) were identified as those
of G. seoi. Thus it has been confirmed that the
oyster is the 2nd intermediate host and the
source of human infection with G. seoi The
metacercarial density in infected oysters was
considerably high, up to 610 on average, so
that a person could be infected quite heavily by
eating only one oyster raw.

Since oysters are produced not only from
this area but also from other seashore areas
and favoured raw by many local people in
Korea, human G. seoi infection may not be
confined to the area ever reported (Lee et al.,
1994), but may be more widely distributed
than we suppose. Therefore, oysters produced
from other localities should be examined for
the presence of the metacercariae of G. seotl.

The metacercariae of G. seoi found in this
study were morphologically very similar to
those of G. tokiensis, which were originally
described from oysters in Japan and
redescribed by Ching (1972). Only a significant
and recognizable difference in the morphology
of the two species was the morphology,
position, and orientation of the seminal vesicle.
In G. tokiensis metacercariae it was bipartite
and located between the ventral pit and ventral
sucker, and its posterior portion was curved
dorsally (Ching, 1972), whereas in G. seoi
metacercariae it was in most cases mono-sac
and situated more anteriorly between the ceca
and ventral pit, and it was not curved dorsally
(this study). It is known, however, that the
adults of G. seoi frequently have bipartite
seminal vesicle (Lee et al., 1993). Therefore,
whether these differences are only minor
variations depending upon the developmental
status of the metacercariae or significant
features which could discriminate each species
remains to be further clarified.

In spite of the morphological similarity of the
metacercarial stage of G. seoi and G. tokiensis.
it is taken for granted that the taxonomic
validity of each species should_be well



£- 8. Section of an oyster infected with G. seoi metacercariae, Some of them are sucking the extrapallial
iithelia of the oyster with their oral sucker. X 100. Fig. 6. Magnification of a metacercaria in Fig. 5,
wowing the oral sucker (0S) sucking the epithelium and tissue of the oyster, ventral sucker (VS), ventral
t (VP), excretory bladder, and cecum (C). X 400. Fig. 7. A group of G. seoi metacercariae attached on
e mantle surface of an oyster as observed by scanning electron microscopy. Scale bar = 179 ym. Fig. 8.
1 adult worm of G. seoi recovered from the small intestine of an experimentally infected mouse. VS:
ntral sucker, VP: ventral pit, T: testes, EB: excretory bladder. Scale bar = 100 pm.
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reserved. Because, larval stages of different
parasite species or even different genera are
frequently so similar in morphology that
examination of their adult stage is essential to
determine the species. This strong necessity
should also be applied in the cases of
gymnophallid species. For example, the
metacercarial stage of Parvatrema
homoeotecnum James, 1964, P. borinquenae
Cable, 1953, and P. horealis Stunkard and
Uzmann, 1958 was so similar that the
morphology of adult flukes and details of their
life cycle were necessary for species
determination (James, 1964). The adult stage
of G. seoi is already known (Lee et al., 1993)
but the adult of G. tokiensis has not been
discovered. For this reason, more detailed
consideration on the taxonomic validity of the
two species is not possible at present.

There are still many questions to be
answered in biological and epidemiological
aspects of G. seoi. One of the most basic
problems to be solved is that we have to find
out the complete life cycle of this trematode
including egg hatching mechanism in water,
larval development in molluscan hosts, and
importance of the human host as the source of
eggs and in maintaining the endemicity.
Especially the first intermediate host and
natural final hosts other than humans should
be urgently studied.

The first intermediate host of G. seoi might
also be the oysters (the second host),
considering ever reported life cycles of other
gymnophallid trematodes. In the case of
Parvatrema borealis, sporocysts and cercariae
were found in a molluscan host, Gemma
gemma, and metacercariae in the same host
and in polychaetes (Stunkard, 1962). James
(1960 & 1964) described the unique life cycle
of Parvatrema homoeotecnum, in which case
the primary germinal sac, the tailed daughter
sac, cercaria, and metacercaria were found in

a gastropod intermediate host, Littorina *

saxatilis tenebrosa. Szidat (1962) described
various developmental stages of Gymnophallus
australis from the same host, the mussel.

ICR mice were experimentally susceptible to
G. seoi infection in this study, although the
infection did not last longer than a week (data
not shown). Thus, small rodents such as house

rats could take the role of a natural final host
in endemic areas. However, gymnophallids are
generally known as parasites of avian hosts
(Yamaguti, 1971; Schell, 1985), so hirds such
as the oystercatcher, duck, and seagull are
more suspected as natural final hosts of G.
seol.
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