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Abstract: The Chinese edible frogs, Hoplobatrachus rugulosus (n=20), and the striped snakehead fish, Channa striata
(n=34), were purchased from local markets in 3 administrative regions of Cambodia (Phnom Penh, Pursat, and Takeo
Provinces) from May 2017 to April 2019, and their infection status with Gnathostoma sp. larvae was investigated. The
frogs and fish were transported to the laboratory with ice and examined using the artificial digestion method. Advanced
3rd-stage larvae (AdLs) of Gnathostoma spinigerum, 24 in total number (1-6 larvae/frog), were detected from 6 (60.0%)
out of 10 frogs purchased from Phnom Penh. No gnathostome larvae were detected in 10 frogs purchased from Takeo
Province and 34 snakeheads from Phnom Penh, Pursat, and Takeo Provinces. AdLs isolated from the frogs were 2.55-
3.90 mm long and 0.31-0.36 mm wide. They had a characteristic head bulb (0.081x0.191 mm in average size) with 4
rows of hooklets, a muscular long esophagus (0.950-1.230 mm long), and 2 pairs of cervical sacs (0.530-0.890 mm long).
The average number of hooklets in the 1st, 2nd, 3rd, and 4th rows was 41, 45, 48, and 51, respectively. These features
were consistent with G. spinigerum AdLs. By the present study, it has been first confirmed that the Chinese edible frog, H.
rugulosus, from Phnom Penh serves as a second intermediate host for G. spinigerum, although their intensity of infection
was not so high compared to other previously reported localities.
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Parasites in the genus Gnathostoma (Nematoda: Gnathos-
tomidae) are clinically important as etiologic agents of food-
borne parasitic zoonoses in humans. About 13 species are cur-
rently recognized to be valid. Among them, 6 species, i.e., G.
spinigerum, G. nipponicum, G. doloresi, G. hispidum, G. malaysiae,
and G. binucleatum, are known to be able to infect humans [1].
Human gnathostomiasis is caused by infection with larval
gnathostomes, which is characterized clinically by creeping
eruption in subcutaneous and intermuscular tissues due to
migrating larvae [1]. It is also known that Gnathostoma larvae
occasionally invade the visceral organs, including the liver,
lungs, eyes, and even the brain [1,2].
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Human gnathostomiasis is known to be prevalent in South-
east Asia, including Thailand, Lao PDR, and Myanmar, but
this nematode infection is very rare in Cambodia [3-11]. Only
1 case of ocular gnathostomiasis was reported in Cambodia
[12]. Larval gnathostomes were recovered from Asian swamp
eels, Monopterus albus, in Cambodia, which were molecularly
identified as G. spinigerum [13]. Chai et al. [14] also reported
the infection status of Asian swamp eels from Cambodia with
larval gnathostomes. In the present study, we examined the
Chinese edible frogs, Hoplobatrachus rugulosus, and the striped
snakeheads, Channa striata, purchased from local markets of
Cambodia to determine their infection status with Gnathosto-
ma larvae.

A total of 20 frogs and 34 snakeheads were purchased from
local markets in 3 administrative regions, Phnom Penh Mu-
nicipality (=Phnom Penh), Pursat, and Takeo Provinces of
Cambodia from May 2017 to April 2019. All collected frogs
and fish were transported with ice to the laboratory of the De-
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partment of Parasitology and Tropical Medicine, Gyeongsang
National University College of Medicine, Jinju, Republic of
Korea, and the length and weight of the frogs and fish were
measured. Individual frog and fish was finely ground with a
mortar with pestle. Then, the ground fish and frog meat was
mixed with artificial gastric juice, and the mixture was incubat-
ed at 36°C for 2 hr. The digested material was filtered through
a sieve (5x5 mm mesh), and washed with 0.85% saline until
the supernatant became clear. The sediment was carefully ex-
amined under a stereomicroscope, and gnathostome larvae
were collected based on their general morphological features.
Some collected larvae were fixed with 10% hot formalin,
cleared in alcohol-glycerin, and mounted in glycerin-jelly to
observe the morphological characteristics.

A total of 24 larval gnathostomes (1-6 AdLs larvae/frog)
were detected in 6 (60.0%) out of 10 frogs from Phnom Penh
in April 2019. However, no larval gnathostomes were detected
in 10 frogs from Takeo Province and 34 snakeheads from
Phnom Penh, Pursat, and Takeo Provinces from May 2017 to
April 2019. AdL; collected from the frogs were 2.55-3.90 mm
long and 0.31-0.36 mm wide. They had a characteristic head
bulb (0.081 x0.191 mm in average size) with 4 rows of hook-
lets, a muscular long esophagus (0.950-1.230 mm long), and
2 pairs of cervical sacs (0.530-0.890 mm long) (Table 1). The
average number of hooklets in the 1st, 2nd, 3rd, and 4th rows
was 41, 45, 48, and 51, respectively (Fig. 1) (Table 1). These
morphological features were consistent with the previous de-
scriptions of G. spinigerum [1].

It has been first confirmed in this study that the Chinese ed-
ible frogs, H. rugulosus, from Phnom Penh, Cambodia serve as
a second intermediate host for G. spinigerum. However, from
Takeo Province, no gnathostome larvae were detected in 10

Fig. 1. An advanced third-stage larva of Gnathostoma spinigerum
detected in a Chinese edible frog, Hoplobatrachus rugulosus,
purchased from a local market in Phnom Penh, Cambodia. The
larva has a characteristic head bulb, muscular esophagus (), in-
testine (I), and 4 cervical sacs (CC). Scale bar=0.5 mm.

Table 1. Measurements of the advanced 3rd-stage larvae of Gnathostoma spinigerum in Chinese edible frogs, Hoplobatrachus rugulo-
sus, from Phnom Penh, Cambodia (present studly), in comparison with a previous study in Myanmar

Organs of larvae measured

Present study (Cambodia) (n = 7)

Chai et al. [15] (Myanmar) (n = 10)

Body Length (mm, av.)
Width (mm, av.)
Esophagus Length (mm, av.)
Cervical sac Length (mm, av.)
Head bulb Length (mm, av.)

Width (mm, av.)
1st row
2nd row
3rd row
4th row

No. of hooklets on the head bulb

2.550-3.900 (3.057) 2.750-3.800 (3.298)
0.310-0.360 (0.330) 0.290-0.360 (0.332)
0.950-1.230 (1.036) 0.800-1.180 (1.043)
0.530-0.890 (0.639) 0.520-0.720 (0.621)
0.060-0.100 (0.081) 0.080-0.110 (0.094)
0.160-0.220 (0.191) 0.190-0.225 (0.210)
39-43 (41) 38-43 (41)
42-47 (45) 42-45 (44)
45-50 (48) 44-49 (47)
49-53 (51) 48-52 (50)
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frogs. In Yangon, Myanmar, Chai et al. [15] detected AdLs of G.
spinigerum in 15 (75.0%) out of 20 Chinese edible frogs, with
the infection intensity of 1-48 larvae (av. 10.5/frog). The preva-
lence (30.0%) of AdLs of G. spinigerum in this study was very
low compared with that (75.0%) of Chai et al. [15] in Myan-
mar. Moreover, the infection intensity (av. 4.0/frog) in this
study was also lower than that (av. 10.5/frog) of Chai et al.
[15]. Also in the case of Asian swamp eels, the prevalence and
infection intensity of larval gnathostomes in Cambodia [14]
was much lower than that in Myanmar [16]. Therefore, we
could determine that the endemicity of larval ganthostomes is
not so high in swamp eels and Chinese edible frogs from Cam-
bodia compared with Myanmar.

In this study, we had a limitation that we could not investi-
gate an enough number of frogs and snakeheads during the
surveyed period. Only 20 frogs and 34 snakeheads could be
examined due to a limitation in transportation of the samples
with ice from Cambodia to the Republic of Korea. To reveal
the exact infection status of larval gnathostomes in snakeheads
and frogs in the future, extensive studies should be performed
with a high number of samples collected from a variety of geo-
graphical regions in Cambodia.

With regard to the fish intermediate hosts of G. spinigerum,
several species of fish have been reported [1]. However, in
Cambodia, only 1 study has been available on larval gnathos-
tome infections in Asian swamp eels [14]. In that study, 55.6%
prevalence of larval gnathostomes was reported among the
swamp eels purchased from Pursat Province, whereas 21 swamp
eels purchased from Takeo Province and Phnom Penh gave all
negative results [14].

In Myanmar, Chai et al. [17] detected larval gnathostomes in
58 (16.0%) out of 362 fish in 6 species, i.e.,, Channa lucius,
Channa striata, Anabas testudineus, Chelon macrolepis, Hetero-
pneustes kemratensis, and unidentified Channa sp., purchased
from Yangon, Myanmar. In the forest snakeheads (C. lucius)
and striped snakeheads (C. striata), the prevalence was 22.9%
(24 of 105 fish examined) and 20.0% (11 out of 55 fish exam-
ined), and their mean intensities were 4.5 and 2.9 per infected
fish, respectively. Jung et al. [18] reported 2 AdLs of G. spinige-
rum in 1 out of 15 striped snakeheads purchased from a local
market in a suburban area of Naypyidaw, Myanmar. However,
in this study, we could not detect any larval gnathostomes in
34 striped snakeheads purchased from Phnom Penh, Pursat,
and Takeo Provinces, Cambodia.

The results of this study suggest that 2 species of frogs and

fish, i.e, the Chinese edible frogs and the Asian swamp eels,
are potential sources of human infection with G. spinigerum in
Cambodia. However, other possible intermediate or paratenic
hosts of gnathostomes should be extensively surveyed in the
near future. People having the food habit of consuming raw
frogs or fish should pay attention to larval gnathostome infec-
tions in Cambodia.
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