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Abstract: The prevalence of Centrocestus armatus metacercariae in fresh water fishes were examined in Hyogo
Prefecture, western Japan for a period of one year from April 2003 to March 2004. Three species of cyprinoid fish,
namely Zacco temminckii, Zacco platypus, and Pseudogobio esocinus, were found to harbor metacercariae of C.
armatus. The infection rate of metacercariae in Zacco temminckii, Zacco platypus, and Pseudogobio esocinus was
99% (371/377), 100% (8/8), and 100% (2/2), respectively. The mean number of metacercariae recovered was 232
for Z. temminckii, 2,123 for Z. platypus, and 20 for P. esocinus. However, we focused on Z. temminckii in this
study because it was found to be the most predominant fish species in the Chikusa River and to have high a
metacercariae prevalence as well. In Z. temminckii, metacercariae were distributed in the brain (37%), viscera
(35%), muscles (29%) and gills (0%). No metacercariae were recovered from the scales and fins. This is the first
report of the occurrence of C. armatus metacercariae in the brain region of the second intermediate fish. The preva-
lence of C. armatus metacercariae was almost constant throughout the year, and no positive correlation was found
between the prevalence and seasona changes. However, a positive relationship was observed between prevalence
of metacercariae and fish length, i.e., the intensity of infection increases with the size of the fish host (p < 0.05).
People in the survey area sometimes eat fish raw, indicating enlightenment as well as the countermeasures to pre-
vent C. armatus infection is needed.
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INTRODUCTION

The fluke genus Centrocestus is a group of minute in-
testina trematodes belonging to the family heterophyidae.
Centrocestus iswidely distributed in Japan, Taiwan, Repub-
lic of Korea, and Southeast Asia. Four species of Centroces-
tus, namely C. armatus [1], C. formosanus[2], C. nycti-
coracis [3] and C. asadai [4], have been reported to be dis-
tributed in Japan. These species normally infect fish-eating
birds. They have aso been reported to infect mammals, in-
cluding man except for C. nycticoracis [5]. Moreover, C.
formosanus var. kurokawai, C. caninus, and C. armatus
have been reported to infect humans in Japan, Thailand, and
Korea[6, 7, 8].

The first intermediate host of Centrocestus is a fresh
water snail belonging to genus Semisulcospira [9], the sec-
ond intermediate host fresh water fish, and birds such as
Nicticorax nycticorax the final host [1]. About 20 species of
fresh water fish including Zacco platypus, Pseudorasbora

parva, and Carassius carassius are known to serve as sec-
ond intermediate hosts of C. armatus [1, 10].

Rim et al. [11]reported that metacercariae of C. arma-
tus were found at arate of 33-100% in five species of fresh
water fish from three rivers in Korea. Furthermore, Sukon-
tason et al. [12] reported the presence of Centrocestus
metacercariae in six species of cyprinoid fish in northern
Thailand. The prevalence of metacercariae in different loca
tions, seasons, and fish species had aso been reported.
However, the number of fish examined by Rim et a. was
limited to only 1-15 samples. Moreover, the prevalence of
fish infection was not described and no precise description
was provided regarding the identification of metacercariae.

In the present study, therefore, the state of Centroces-
tus metacercariae infection in freshwater fish of the Chikusa
River in Hyogo Prefecture, Japan was investigated from
April 2003 to March 2004. The correlation of seasonal
changes and fish length to metacercariae prevalence was
also determined.
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MATERIALSAND METHODS

Survey area

The study was carried out from April 2003 to March
2004 in the Chikusa River in Hyogo Prefecture, Japan. The
survey area was a midstream section of the river 30 m in
width and 0.1 to 1.5 m in depth. Various fish species were
captured using a landing net once a month for a period of
one year. The collected fish were kept alive in a cooled-box
with aeration and brought to the laboratory. Taxonomic
identification of the caputured fish species was carried out
according to the fish atlas by Miyaji et al. [13]. In addition,
water temperature was measured at the time of each survey.

Examination and observation of metasercariae

The fish brought to the laboratory were kept alivein an
aquarium, with artificial aeration, until the examination of
metacercaria. The body length of each fish sample was aso
measured and recorded. To obtain the metacercariae from
each sample, fish was minced and digested using a digestive
solution (0.1% each of pepsin and HCI in distilled water) at
37 forlhour. The digested material was filtered through a
325¢m mesh to remove large particles and rinsed twice
with saline solution (0.85% NaCl). The sediment was then
centrifuged a 150 x g for 5 minutes. The C. armatus
metacercariae collected were counted under a stereoscopic
microscope.

In other experiments, organs such as the brain, muscles,
gills, viscera, scales and fins were also dissected and di-
gested artificially to determine the distribution of the
metacercariae in the fish body. The counting of circumoral

spines for identification of metacercaria was carried out us-
ing a light microscope and a scanning electron microscope
(T-330A, JEOL, TOKYO). The size of different organs ob-
served for metacercariae was aso measured using a mi-
crometer caliper (OLYMPUS, TOKYO) under a light mi-
croscope. In addition, the recovered metacercariae were ex-
cysted with artificia intestina juice (0.4% sodium hydro-
gen carbonate, 1.0% trypsin, 0.85% NaCl) fixed with 10%
neutral buffered formalin and observed under a scanning
electron microscope to elucidate morphological detail.

Statistical analysis

The mean abundance was expressed as mean + stan-
dard deviation (SD). The difference between length of fish
and mean abundance was evaluated by one-way factoria
analysis of variance (ANOVA), followed by Fisher's PLSD
multiple comparison test to identify significant differences
among the multiple samples. Differences in the prevalence
of infection were tested using X’ test. A p value less than
0.05 was considered statistically significant.

RESULTS

Throughout course of the survey we caught 511 fresh-
water fish from Chikusa River. These consisted of 15 differ-
ent species as shown in Table 1. Eight of the fish species be-
longed to the cyprinoid family. Table 1 shows the infection
rate of each fish species examined and the mean number of
metacercariae per fish. Metacercariae were obtained from
only three cyprinoid fish species, namely Z. temminckii, Z.
platypus, and P. esocinus with a high infection rate (99-

Table 1. Prevalence of metacercariae and mean number of metacercariae recovered in fish
collected from the Chikusa River, Hyogo Prefecture, Western Japan

Species of fish

No. examined

No. of fish infected Mean No. of Mc**

(%) per fish
Zacco temminckii* 377 371 (99) 229
Rhinogobius sp. 50 0 ©) 0
Plecoglossus altivelis 28 0 ©) 0
Slurus asotus 13 0 ©) 0
Cobitis biwae 12 0 ©) 0
Zacco platypus* 8 8 (100) 2,123
Pelteobargus nudiceps 5 0 ©) 0
Coreopera kawamebari 5 0 ©) 0
Odontbutis obscurus 3 0 ©) 0
Pseudogobio esocinus* 2 2 (100) 20
Carassius carassius® 2 0 © 0
Puntungia herz* 2 0 ©) 0
Sgualidus gracilis gracilis* 2 0 ©) 0
Tribolodon hakonensis* 1 0 ©) 0
Cyprinus carpio* 1 0 © 0

* 1 Cyprinoid fish
** . metacercariae
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Fig. 1 Monthly changes in prevalence of metacercariae of
Centrocestus armatus in Zacco temminckii (+ ) and
water temparature (-4-).

100%). Z. platypus showed the highest mean abundance of
metacercariae. However, Z. temminckii was the most pre-
dominant fish species collected (74%) throughout the sam-
pling period, and it aso showed a high infection rate (99%).
Therefore, further examinations were focused on Z. tem-
minckii.

The monthly changes in the prevalence of metacercar-
iae in Z. temminckii are shown in Fig. 1. The metacercariae
infection rate of Z. temminckii was nearly 100% throughout
the year. No positive relationship was observed between
prevalence of metacerariae and seasonal changes and water
temperature.

Throughout the survey, 84,921 metacercariae were re-
covered from infected 371 Z. temminckii, with a mean
abundance of 229 (Table 1). Of the 11,760 metacercariae
found in Z. temminckii, 37% (4,306) were observed in the
brain; 0% (16) in gills, 35% (4,069) in viscera; and 29%
(3,369) in muscles (Table 2). No metacercariae were found
in scales and fins. The number of metacercaria was also
computed per gram of fish meat. As a result, the brain
showed the highest number of metacercariae per gram of
meat (2,057/g), followed by viscera (262/g), muscles (20/g),
and gills (5/g) (Table 2).

The relationship between fish length and the number
of metacercaria per fish is aso shown in Fig. 2. The preva-

Table 2. Thedistribution of Centrocestus armatus metacercariae
in various parts of fish

Mean Weight Mean No. of Distribution

Parts of fish © Mo rate (%) No. of Mc/g
Brain 0.07 144 37 2,057
Gills 0.22 1 0 5
Viscera 0.52 136 35 262
Muscle 5.59 112 29 20
Scale, Fin 0.47 0 0 0

Thirty Zacco temminckii, 9-10 cm, were examined.
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Fig. 2 Relationship of length of Zacco temminckii, mean
abundance (m ) and the prevalence (=) of Centrocestus
armatus metacercariae in the Chikusa River, Western
Japan. Data are expressed asmean £ SD (n: 16-65). *:
p<0.05.

lence levels were almost the same irrespective of fish length
(p > 0.05). Even young fish of four centimeters or less in
length showed an infection rate as high as 90%. The results
aso showed that the number of metacercaria per fish was
directly correlated with fish length, i.e., there was an in-
crease in the mean abundance of metacercaria as the fish
length increased (p < 0.05). The number of metacercaria re-
covered from fish samples with smaller than 5 cm and more
thanllcm in length was8and1,069respectively (p=0.017 x
10") (Fig. 2).

In addition, the recovered metacercariae were meas-
ured under a microscope. The average length was about 200
«m and the average width about 100 ~m. The metacercar-
iae were mounted on glass slides for detailed observation.
The oral sucker, ventral sucker, and excretory bladder of
mature metacercaria were observed. Light and scanning
electron microscopic observations revealed that the oral
sucker was located at the anterior end, with 44 circumoral
spines arranged in two rows around it (Fig. 3a, 3b). The
ventral sucker was located in the midventral part and the ex-
cretory bladder was shown as an “X”-shaped organ located
posterior to the ventral sucker (Fig. 3a). However, these or-
gans were not observed in immature metacercariae except
for the eyespot that was a remnant of the cercarial stage
(Fig. 3c).

DISCUSSION

Seven out of 20 known freshwater fish species were
observed in this study as second intermediate hosts of Cen-
trocestus armatus [1, 10]. In the present study, metacercar-
iae of C. armatus were detected in only 3 out of the 15
freshwater fish gpecies obtained from Chikusa River,



namely Zacco temminckii, Zacco platypus, and Pseudogo-
bio esocinus. The prevalence of metacercaria in these three
species of freshwater fish was amost 100%. Among the 3
species, Z. platypus showed the highest mean abundance of
metacercaria. However, since Zacco temminckii was found
to be the most predominant fish species collected from the
river, it can be inferred that this fish played an important
role as the second intermediate host of Centrocestus arma-
tus in the Chikusa River.

The prevalence and intensity of trematodes infection to
second intermediate hosts such as fish were said to be asso-
ciated with seasonal changes [14]. Sukontason et al. [12]
mentioned that trematode metacercariae levels were highest
in winter and lowest in the rainy season. Severa other stud-
ies showed that the emergence of cercariae from the first in-
termediate host increased as water temperature increased
[15, 16]. A study was also conducted on prevalence of cer-
cariae of C. armatus in the Chikusa River by Kimura and
Uga[17]. They showed that the mean prevalence of cercar-
iae in the snail Semisulcospira libertina was low at 6% (1-
16%) during winter and spring seasons (October-May)
when water temperature was low. In contrast, the period
from June to September when water temperature was higher
showed a very high prevalence. The mean prevalence value
was 39% [17]. The authors conclude that the infection of
cercariae to fish as the second intermediate host had oc-
curred during summer when water temperature was high.
However, the results of the present survey did not show any
seasonal changes in prevalence of metacercariae. Chubb
[14] also mentions that changes in the prevalence of
metacercariae were not very evident at different climatic

Fig. 3 Microscopic photographs of Centro-
cestus armatus metacercariae.

A. Metacercariae showing the ord
sucker (OS), ventral sucker (VS),
and excretory bladder (EB);

B. Oral sucker showing the circumoral
spines (CS);

C. Immature metacercariae showing
the eyespot (ES).

seasons of the year. He states that metacercariae could
thrive for a long period of time inside the fish host and
therefore that no drastic changes in metacercariae preva-
lence were observed at different seasons of the year.

Rim et al. [11] examined the distribution of metacer-
cariae in the different organs of fish using 22 samples of Z.
temminckii and Z. platypus. They reported that the metacer-
cariae were distributed in the gills, muscles, intestinal or-
gans, and scales and fins, and that the intestina organs
showed the highest mean abundance of metacercariae. In
the present study, the brain, muscles, viscera, gills, and
scales and fins of 30 Z. temminckii were examined for pres-
ence of metacercariae. The brain region showed the highest
mean abundance (144), followed by the viscera and muscles
with abundance of 136 and 112, respectively. However, the
gills showed only a mean of 1, and O for scales and fins.
These results were similar to the observation of Rim et al.
[11] except for the presence of metacercariae in the brain
region. In general, metacercariae of any fluke species can be
found in the muscles and viscera of the fish body. In the
present study, however, it is interesting that the infection of
metacercariae of C. armatus was observed in the brain re-
gion of the second intermediate host. No related studies
have reported the occurrence of metacercariae of C. arma-
tus in the brain.

Poulin [18] reported the positive correlation of fish
length and mean abundance of metacercariae. Dogiel et al.
[19] also stated that, in fish populations, the intensity of in-
fection by parasites increased with the age and size of the
fish hosts. The same result was observed in the present
study, i.e., the longer the fish length the higher the metacer-



cariae infection. At afish length of 3-5 cm, the mean abun-
dance was 8, but this increased gradually to 1,069 at a fish
length of 11-19 cm (p=0.017 x 10). Since a fish with a
larger length has a higher contact area, it is likely that cer-
cariae have more chances for attachment to the fish body
surface. These cercariae, in turn, could develop into
metacercariae inside the fish body and accumulation could
occur over time. That is why a higher number of metacer-
cariae was observed in older fish with a greater fish length.

It was reported that metacercaria of the four species of
Centrocestus distributed in Japan have a different number
of circumoral spines: C. armatus, C. formosanus, C. nycti-
coracis, and C. asadai have circumoral spines of 44, 32, 42,
and 38, respectively [10]. Throughout the present survey,
the recovered metacercariae were found to have 44 circu-
moral spines and wereidentified as C. armatus.

In conclusion, the prevalence of C. armatus in Z. tem-
minckii was high in the Chikusa River and the fish Z. tem-
minckii is considered to be the most common second host.
The questionnaire survey done in our study area [20] re-
vealed that 52% of the inhabitants have eaten fresh water
fish including Z. temminckii. Moreover, about 10% of in-
habitants eat these fish raw, indicating possibility that the
people living in this area have been infected by C. armatus.
Further enlightenment as well as the countermeasures to
prevent the infection is needed.
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