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Abstract: We observed the morphological characteristics and identified the species of
gnathostome larvae obtained from the imported Chinese loaches. The early third-stage
larvae (EL3) were collected from viscera of the loaches and a part of them were infected to
mice. The advanced third-stage larvae (AdLs) were recovered from the mice at 4 weeks
post-infection. both larval worms were fixed with 10% formalin, cleared in alcohol-glycerin
solution, mounted with glycerin-jelly, and observed. A total of 369 EL; were collected from
viscera of 9,493 Chinese loaches. The whole body of EL; was covered with about 190
transverse rows of minute cuticular spines and 0.624 x 0,101 mm in average size. A pair
of lips were protruded at the anterfor end, and the muscular esophagus and brownish
intestine were followed. The characteristic head bulb was provided with 4 rows of
hooklets. The average number of hooklets in the respective row was 36.7, 39.5, 41.6 and
44.3 posteriorly. AdL; was 2.660 x 0.346 mm in average size, and retained the esophagus
(about 0.755 mm length) and cervical sac (about 0.355 mm length). The average number
of hooklets in the respective row on the head bulb was 39.0, 41.9, 43.9 and 45.6,
posteriorly. On the basis of the morphological characteristics, they were identified as the
third-stage larvae of Gnathostoma hispidum.
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INTRODUCTION

Genus Gnathostorna is a clinically important
nematode which inhabits in the tissue. In this
genus, about 20 species have been reported in
the literature. However, only seven species, G.
spinigerum, G. hispidum, G. turgidum, G.
doloresi, G. nipponicum, G. americanum and. G.
procyonis, were proved as the valid ones by
Miyazaki (1960). Later, Miyazaki (1991) added
3 more species, G. miyazakii, G. malaysiae and

* Received Aug. 16 1996, accepted after
revision Aug. 26 1996.
*Corresponding author

G. vietnamicum as new species, and
Daengsvang (1980) insisted that G. didelphis
and G. brasiliense are also valid ones.
Numerous human cases of gnathostomiasis
have been reported in various countries of
Southeast Asia, Japan, China, India, the
Philippines, Israel and Mexico (Beaver et al.,
1984) since the first case was described in
Thailand (Levinsen, 1889). As the causative
species of gnathostomiasis, G. spinigerum, G.
hispidum, G. nipponicum and G. doloresi have
been reported. However, almost all cases were
caused by G. spinigerum and only a few cases
were by the other species (Miyazaki, 1960;
Ando et al., 1988; Nawa et al.,, 1989). In case of
G. hispidum, it has been known that a lot of
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Japanese people were infected by eating raw
flesh of loaches imported from China (Morita et
al, 1984; Demitsu and Aizawa, 1985; Araki,
1986).

In Korea, there have been no reports on the
recovery of larval gnathostomes except that by
Kim (1973). He found two larval Gnathostoma
from the abdominal muscle of a snake head,
Channa argus, and identified as the third-
stage larvae of G. spinigerum. After that time
some workers surveyed cyclopoid copepods,
tadpoles and loaches for the recovery of
gnathostome larvae, however no worms were
detected, and indigenous infection in human
or definitive hosts have not been reported yet
(Kim, 1973; Kim, 1983; Koga et al., 1985).

Recently we found the gnathostome larvae in
the muscle of loaches imported from China
and identified as the third-stage larvae of G.
nipponicum (Sohn et al., 1993), and we also
found gnathostome larvae in the viscera of
Chinese loaches. And so in this study, the
morphological characteristics of larval
Gnathostoma obtained from the viscera of
Chinese loaches and from experimentally
infected mice were observed for the species
identification.

MATERIALS AND METHODS

A total of 9,493 loaches, Misgurunus
anguillicaudatus, imported from China was
purchased from a wholesale house of
freshwater fish located in Puk-gu, Pusan,
Korea. The loaches were transferred in our
laboratory, and their muscle and viscera were
isolated and artificially digested with pepsin-
HC1 solution in a 36°C incubator. Digested

materials were washed with 0.85% saline and
were examined under a stereomicroscope to
collect gnathostome larvae. A part of collected
worms {early third-stage larva: ELj) were fixed
with 10% formalin under the cover glass
pressure, cleared in alcohol-glycerin solution
and mounted in glycerin-jelly. To obtain the
advanced third-stage larvae (AdLj), 10 ELg
were given orally to 5 mice respectively, and
they were recovered from the various organs of
mice at 4 weeks after infection. The recovered
AdL,; were mounted in glycerin-jelly after
processing as the same manners in EL;. Both
larval worms were ohserved and measured
under a light MiCToscope.

RESULTS

A total of 369 larval gnathostomes (early
third-stage larva: ELz) were collected from
9,493 Chinese loaches. All larvae were found
in the viscera of loaches and their monthly
detection status in loaches was provided in the
Table 1.

The whole body of EL; was covered with
about 190 transverse rows of minute cuticular
spines and 0.624 X 0.101 mm in average size.
A pair of lips were protruded at the anterior
end, and the muscular esophagus (about
0.229 mm long) and brownish intestine were
followed, and the anus opened at the ventral
side of posterior end. Two pairs of cervical sacs
(about 0.133 mm long) were clearly observed
in region of the esophagus (Figs. 1 & 2). The
characteristic head bulb (0.034 x 0.071 mm
in average size) was provided with 4 rows of
hooklets (Fig. 3). The average number of
hooklets in the respective row was 36.7, 39.5,

Table 1. Infection status of imported Chinese loaches with larval gnathostome

Month (Year) examined No. loaches examined

No. larvae detected Ratio of loach: larva

5 (1993) 424 0 —
6 188 2 94.0:1
7 o 134 3 44.7:1
12 311 1 311.0:1
1 (1994} 2,272 86 26.4 :1
2 1,869 142 13.2:1
3 2,888 118 24.5:1
4 1.625 17 95.6:1
Total 9,493 369 25.7:1
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Fig. 1. The early third-stage larva (EL3) of G. hispidum collected in the viscera of a loach imported from
China. A: anus; CS: cervical sac; E: esophagus; HB: head bulb; I: ifitestine; L: lip. Fig. 2. The schematic
drowing of EL3 of which transverse striations of minute cuticular spines were omitted. Fig. 3. The head
bulb of an EL; which retained 4 rows of hooklets with sharp-pointed end.

41.6 and 44.3, posteriorly. Morphological
features and measurements were compatible
with those of G. hispidum EL, reported by
previous authors (Table 2).

A total of 37 AdLj; were recovered from 5
mice experimentally infected with 10 EL4
respectively, and their average recovery rate
was 74.0%. Almost all worms were encysted in
the muscle of mice, much more grown than
EL; and covered with fine cuticular spines on
the whole body (Figs. 4, 5 & 6). They were
2,660 x 0.346 mm in average size, and its
esophagus was 0.755 mm long and the
cervical sac 0.355 mm long, The characteristic
head bulb (0.097 x 0.193 mm in average size)

was mostly provided with 4 rows of hooklets
(Fig. 7) and rarely with 5 rows with 3~7
hooklets. The average number of hooklets in
the respective row on the head bulb was 39.0,
41.9, 43.9 and 45.6, posteriorly Morphological
features and measurements were compatible
with those of G. hispidum AdL, reported by
previous authors (Table 3).

DISCUSSION

The genus Gnathostoma is a well-known
causative agent of the creeping eruption in
human. Human gnathostomiasis has been
mainly caused by G. spinigerum, and
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Table 2. Mcasurements® of the larval gnathostome from the Chinese loaches and comparison with those
of previous authors

Organs Present study (1996)Y Takakura et al. (1985)¢) Akahane et al. (1982)9
Body length 0.536~0.806 (0.624) 0.586 £ 0.100 (0.613)
width 0.082~0.122 (0.101) 0.074 £0.013 (0.093)
Esophagus 0.198~0.272 (0.229) 0.243 + 0.035 (0.243)
Cervical sac 0.107~0.160 (0.133) — (0.163)
Head bulb length 0.031~0.041 (0.034) 0.030 £ 0.005 (0.044)
width 0.066~0.086 (0.071) 0.061 £ 0.007 (0.068)
No. of hooklets on head bulb

1st row 35~39 (36.7) 33-45 (38.0) (39.0)
2nd row 38-~41 (39.5) 36~45 (39.8) (40.0)
3rd row 39-~44 (41.6) 35~49 (41.6) (41.8)
4th row 42-45 (44.3) 39~50 (44.7) ’ (45.4)

alUnit is mm (average); P10 larvae, 964 and 921 EL; of G. hispidum were measured.

Fig. 4. The advanced third-stage larva (AdLy) of G. hispidum encysted in the liver of an experimental
mouse. Fig. 5. The AdL; of G. hispidum recovered from the muscle of a mouse experimentally infected
with EL,, Fig. 6. The schematic drowing of AdL3. Fig. 7. The head bulb of an AdL; bearing 4 transverse
rows of hooklets. Fig. 8. The head bulb of an AdLg. Note the 5th row of hooklets (arrow marks).

sometimes by G. hispidum, G. doloresi and G. increase in Japan since 1980. The Japanese
nipponicum (Beaver et al., 1984; Morita et al. patients were presumably caused by ingesting
1984: Nawa et al, 1988; Ando et al., 1988). raw flesh of loaches imported from China
However in case of the human infections by G. (Demitsu and Aizawa, 1985). All of the larval

hispidum, there has been a considerable gnathostomes collected from the imported
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Table 3. Measurements? of the advanced third-stage larvae (AdLy) from the experimentally infected mice
and comparison with those of previous authors

Organs Present study (1996) Takakura et al. (1985)9 Akahane et al. (1982)9
Body length 2.244~3.080 (2.660) 2.89 +0.25 _ (3.1)
width 0.306~0.377 (0.346) 0.23 +0.03 (0.3)
Esophagus 0.714~0.816 (0.755) 0.891+0.12 (0.9)
Cervical sac 0.306~0.459 (0.355) — (0.5)
Head bulb length 0.087~0,122 (0.097) 0.069 + 0.008 0.121)
width 0.184~-0.204 (0.193) 0.155+0.012 (0.198)
No. of hooklets on head bulb
lst row 38-40 (39.0) 31~42 (38.5) (38.3]
2nd row 40-44 (41.9) 34~44 (38.6) (40.5)
3rd row 42-46 (43.9) 37~45 (41.6) (41.8)
4th row 44~48 (45.6) 41~49 (44.3) (46.0)
5th row 0~7 (1.5) 0~3 (0.3) —

AUnit is mm (average); ¥10 larvae, 918 and 99 AdL, of G. hispidum were measured.

Chinese loaches (Akahane et al., 1982:
Akahane and Mako. 1984) and the worms
recovered from human cases with past history
of eating raw Chinese loaches (Morita et al.,
1984; Araki, 1986) were identified as larvae of
G. hispidum.

In Korea, human gnathostomiasis was
recorded only one case (Lee et al, 1988). The
case was imported from Thailand and the
detected worm was identified as G. spinigerum.
Recently we found the gnathostome larvae in
the muscle of loaches imported from China
and identified as the third-stage larva of G.
nipponicum (Sohn et al., 1993), In the present
study, we also found larval Gnathostoma from
imported Chinese loaches, which were
identified as the third-stage larvae of G.
hispidum when their morphological
characteristics and measurements were
compared with previous records.

G. hispidum is a common parasite of
domestic or wild pigs in Asia and Europe. It is
widely distributed from Southeastern Asia to
Far East, however is not in Korea, In China, a
few reports concerning the prevalence of adult
worms in domestic pig were available (Chen,
1936. Wang et al., 1976; Huang et al., 1986),
but not on larval worms in loaches. By the
reports in Japan, Akahane and Mako (1984)
detected 1,076 EL, and a few AdL; of G.
hispidum from the Chinese loaches of 110 Kg
from April, 1981 to December, 1983, and Koga

et al. (1985) found 576 larvae from 4,461
Chinese loaches. In this study, we found 369
EL, from the viscera of 9,493 Chinese loaches,
and the prevalence in loaches investigated in
February, 1994 was most high. However, the
monthly prevalence of larvae in loaches are not
meaningful without knowing the locality where
caught in China. Akahane and Mako (1984)
reported that the Chinese loaches from
Nanking more prevalent than those from
Peking and Tientsin.

There is a considerable confusion in the
literature with regard to the stage of larval
gnathostomes found in the first or second
intermediate host. Daengsvang (1968) called
them as the early third-stage and the
advanced third-stage larva. On the other hand,
Koga et al. (1985) reported that AdL, of which
body length is about 3.0 mm was 2% among
the 576 larval G. hispidum collected from
4.461 Chinese loaches, However in this study,
no AdL,; were found from 9,493 Chinese
loaches, but AdL; recovered from the
experimentally infected mice were compatible
with those from Chinese loaches described by
Koga et al. (1985) and also with those from
experimental animals recorded by Akahane et
al. (1982) or Takakura et al. (1985).

Miyazaki (1960) mentioned that the number
and the shape of hooklets on the head bulb
are very useful for species identification of the
genus Gnathostoma. The hooklet features of
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Table 4. Comparison of the number of hooklets on head bulbs in several species of larval Gnathostorna

Species 1st row 2nd row 3rd row 4th row
G. nipporicum? 29-36 (32) 30~-37 (35) 31-41 (37) —
G. doloresi®) 34~42 (38) 35~43 (40) 34~39 (36) 33~41 (37)
G. spinigerum? 40~47 (43) 37~49 (45) 42~52 (47) 48~58 (52)
G. hispidumb) 32~38 (36) 37~41 (40) 39-44 (42) 42~48 (45)
Present study 35-~39 (37) 38~41 (40) 39~44 (42) 42~45 (44)

aFrom Miyazaki (1952); Yifrom Koga et al. (1985)

the larval gnathostomes in this study were
compatible with those of G. hispidum described
by previous authors, however they were
definitely different from those of other 3
species distributed in Far East (Table 4).
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