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Abstract: The present study was performed to determine the infection status of swamp eels with Gnathostoma sp. larvae
in Myanmar. We purchased total 37 Asian swamp eels, Monopterus albus, from a local market in Yangon in June and De-
cember 2013 and 2014. All collected eels were transferred with ice to our laboratory and each of them was examined by
the artificial digestion technique. A total of 401 larval gnathostomes (1-96 larvae/eel) were detected in 33 (89.2%) swamp
eels. Most of the larvae (n=383; 95.5%) were found in the muscle. The remaining 18 larvae were detected in the viscera.
The advanced third-stage larvae (AdLs) were 2.3-4.4 mm long and 0.25-0.425 mm wide. The characteristic head bulb
(0.093 x 0.221 mm in average size) with 4 rows of hooklets, muscular long esophagus (1.025 mm), and 2 pairs of cervical
sacs (0.574 mm) were observed by light microscopy. The average number of hooklets in the 1st, 2nd, 3rd, and 4th rows
was 41, 45, 48, and 51, respectively. As scanning electron microscopic findings, the characteristic 4-5 rows of hooklets
on the head bulb, a cervical papilla, tegumental spines regularly arranged in the transverse striations, and an anus were
well observed. Based on these morphological characters, they were identified as the AdLs of Gnathostoma spinigerum.
By the present study, it has been confirmed for the first time that Asian swamp eels, M. albus, from Yangon, Myanmar are

heavily infected with G. spinigerum larvae.
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INTRODUCTION

Nematodes of the genus Gnathostoma are clinically impor-
tant as etiologic agents of foodborne parasitic zoonoses in hu-
mans [1]. More than 20 species have been reported in this ge-
nus from various parts of the world; however, about 13 species
are currently recognized as valid ones. Among them, 6 species,
namely, G. spinigerum, G. binucleatum, G. doloresi, G. hispidum,
G. malaysiae, and G. nipponicum have been reported to infect
humans. G. spinigerum is the type species and the main cause
of human infections, which was first documented in 1836 in
Thailand [1,2]. Gnathostomiasis, infection due to Gnathostoma
spp. larvae, is clinically characterized as creeping eruption in
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subcutaneous and intermuscular tissues by migrating larvae.
Occasionally, the larvae are also known to invade the lungs,
eyes, and even the brain [1,2].

In the Union of Myanmar (Myanmar), human gnathosto-
miasis is rare whereas it is highly prevalent in Thailand, a
neighboring country of Myanmar. Only a few reports have
been available on human gnathostomiasis in Myanmar since
2 ocular cases were described in 1960 and 1968 [3,4]. Two
cases of subcutaneous tissue infections in 2 Japanese men who
visited Myanmar were reported; they had eaten raw freshwater
shrimps [5]. Subsequently, an outbreak of human gnathosto-
miasis due to G. spinigerum was reported among 60 Korean
immigrants who consumed raw freshwater fish in Yangon [6].
In addition, a case of cutaneous gnathostomiasis was de-
scribed in a French traveler as an imported case from Myan-
mar to France [7]. On the other hand, studies on larval gna-
thostome infections in the second intermediate host were un-
dertaken only 2 times in fish hosts in Myanmar [6,8]. Thus, we
carried out to know the infection status of Gnathostoma larvae
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in Asian swamp eels, which have been known to be a most
susceptible fish host, purchased in a local fish market of Yan-
gon, Myanmar.

MATERIALS AND METHODS

A total of 37 Asian swamp eels, Monopterus albus, were pur-
chased in a local fish market of Yangon in June and December
2013 and 2014. They were transferred with ice to the laborato-
1y of the Department of Parasitology and Tropical Medicine,
Gyeongsang National University School of Medicine, Jinju,
Korea and measured the length and weight of the fish (Tables
1, 2). Individual fish was ground finely with a mortar with a

Table 1. Infection status with Gnathostoma spinigerum larvae in
Asian swamp eels (Monopterus albus) purchased from a local
market in Yangon, Myanmar (20132

No. of larvae detected in

S Length Weight
wamp eel
of eel (cm) ofeel (@  Muscle Viscera Total
1 84 451 9 0 9
2 80 480 6 0 6
3 75 362 37 0 37
4 62 284 90 6 96
5 60 200 3 0 3
6 59 298 2 0 2
7 57 204 8 0 8
8 54 180 1 0 1
9 54 195 0 0 0
10 50 127 0 0 0
11 46 94 1 0 1
12 45 89 0 0 0
13 43 95 3 0 3
14 43 83 8 0 8
15 41 78 4 0 4
16 40 77 1 0 1
17 39 68 3 0 3
Total 69 198 171 6 177

“The sum-up data of 2013 and 2014 are presented at the footnote of
Table 2.

pestle or a grinder, and the ground fish meat was mixed with
artificial gastric juice followed by incubation at 36°C for 2 hr.
The digested material was filtered through a sieve (5x5 mm of
mesh), and washed with 0.85% saline until the supernatant
became clear. The sediment was carefully examined under a
stereomicroscope, and then gnathostome larvae were collected.
Some of the larvae were fixed with 10% hot formalin and
mounted with glycerin-jelly after clearing in alcohol-glycerin
solution to observe the morphological characteristics.

To observe the surface ultrastructure of gnathostome larvae,

Table 2. Infection status with G. spinigerum larvae in Asian
swamp eels purchased from a local market of Yangon, Myanmar
(2014)

No. of larvae detected in

3 Length Weight
wamp e€l
ofeelcm) ofeel(@  Muscle Viscera  Total
9 60 177 74 3 7
2 58 192 22 0 22
3 55 151 9 0 9
4 58 157 0 2 2
5 53 111 2 0 2
6 51 159 8 0 8
7 51 146 10 1 1
8 50 105 1 0 1
9 50 111 2 0 2
10 42 86 0 0 0
11 51 146 1 0 1
12 50 104 1 0 1
13 48 109 4 0 4
14 47 102 30 2 32
15 46 120 2 0 2
16 46 100 1 0 1
17 45 91 16 1 17
18 45 89 26 8 29
19 44 89 1 0 1
20 41 86 2 0 2
Total 49 122 212 12 224

aSumming-up the data in 2013 (Table 1) and 2014, a total of 401 gna-
thostome larvae were detected from 33 infected eels (12.2 larvae/eel);
383 (95.5%) were detected in muscles and 18 (4.5%) were in viscera.
The mean length of the eels was 52 cm and the mean weight was 157 g.

Table 3. Seasonal tendency of occcurrence of G. spinigerum larvae in Asian swamp eels purchased from a local market of Yangon,

Myanmar

Month & year examined No.of eels examined

No. (%) of eels infected

No. of larvae detected

Total Range Average
June 2013 10 7 (70.0) 160 1-96 22.9
December 2013 7 7 (100) 17 1-4 2.4
June 2014 10 9 (90.0) 134 1-77 14.9
December 2014 10 10 (100) 90 1-32 9.0
Total 37 33 (89.2) 401 1-96 12.2




Chai et al.: Gnathostoma spinigerum larvae in swamp eels from Myanmar 621

some worms were washed several times in 0.2 M cacodylate
buffer (pH 7.2) and fixed in 2.5% glutaraldehyde at 4°C. After
washing 3 times with the same buffer, they were dehydrated
through a graded alcohol series (50%, 70%, 80%, 90%, 95%,
and absolute alcohol), dried in a critical point dryer, coated
with gold in the JFC-1100E ion sputtering device (JEOL, Tokyo,
Japan), and observed using a scanning electron microscope
(SEM) (Philips XL-30S, Amsterdam, Netherlands) with an ac-
celerating voltage of 15 kV.

RESULTS

A total of 401 larval gnathostomes (1-96 larvae/eel) were de-
tected in 33 (89.2%) of 37 swamp eels examined. Most of them
(383 larvae: 95.5%) were found in the muscle. The remaining
18 larvae (4.5%) were detected in the viscera (Tables 1, 2). The
average number of larvae was 12.2 per infected eel. The infec-
tion status by the surveyed year (season) is shown in Table 3.

The early 3rd-stage larvae (ELs) were 0.85-1.375 mm in

Fig. 1. (A) Early 3rd-stage larva (ELs). (B) Advanced third-stage larva (AdLs). (C) Head bulbs of an AdLs of G. spinigerum detected in
Asian swamp eels, Monopterus albus, from Yangon, Myanmar. They commonly have a characteristic head bulb, muscular esophagus
(E), intestine (I), and 4 cervical sacs (arrow mark). Scale bars are 0.3 (A), 1.0 (B), and 0.1 (C) mm, respectively.

Table 4. Measurements® of G. spinigerum larvae detected in Asian swamp eels purchased from a local market of Yangon, Myanmar

Els

AdlLs

Organs

Body Length
Width

Esophagus Length

Cervical sac Length

Head bulb Length
Width

No. of hooklets on the head bulb 1st row
2nd row
3rd row
4th row

0.850-1.375 (1.102
0.095-0.150 (0.132
0.250-0.380 (0.331
0.195-0.305 (0.237
0.035-0.065 (0.050
0.085-0.150 (0.115

30-34 (32)
34-38 (35)
36-42 (39)
38-44 (42)

2.300-4.400 (3.347)
0.250-0.425 (0.366)
0.630-1.220 (1.025)
0.330-0.750 (0.574)
0.075-0.115 (0.093)
0.165-0.250 (0.221)

38-44 (41)
42-50 (45

#Total 8 early 3rd-stage larvae (ELs) and 29 advanced 3rd-stage larvae (AdLs) were measured.
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Fig. 2. Scanning electron microscopic (SEM) view of an AdLs of G. spinigerum detected in Asian swamp eels, Monopterus albus, from
Yangon, Myanmar. (A) Whole body showing a head bulb, numerous transverse striations with cuticular spines, a cervical papilla (encir-
cled), and an anus. (B, C) Anterior portion bearing the head bulb with 4 transverse rows of hooklets. Each hooklet with a sharp point
somewhat curved posteriorly. A cervical papilla located between 9th and 10th transverse striations (encircled). (D) Tegumental surface at
the anterior 1/3 level having transverse striations with numerous cuticular spines. (E) Tegumental surface in the middle portion having
transverse striations with cuticular spines more or less sparsely distributed than in the anterior portion. (F) Posterior portion of a larva
having smaller cuticular spines sparsely distributed on the transverse striations and an anus.
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length and 0.095-0.15 mm in width. They had a characteristic
head bulb (0.050x0.115 mm in average size) with 4 rows of
hooklets, a muscular long esophagus (0.25-0.38 mm in length),
and 2 pairs of cervical sacs (0.195-0.305 mm in length). The av-
erage number of hooklets in the 1st, 2nd, 3rd, and 4th rows was
32, 35, 39, and 42, respectively (Fig. 1A) (Table 4).

The advanced 3rd-stage larvae (AdLs) were 2.3-4.4 mm long
and 0.25-0.425 mm wide. They had a characteristic head bulb
(0.093x0.221 mm in average size) with 4 rows (rarely 5 rows)
of hooklets, a muscular long esophagus (0.63-1.22 mm long),
and 2 pairs of cervical sacs (0.33-0.75 mm long). The average
number of hooklets in the 1st, 2nd, 3rd, and 4th row was 41,
45, 48, and 51, respectively (Fig. 1B, C) (Table 4).

In SEM observations, AdLs possessed a characteristic head
bulb with 4 transverse rows of hooklets and cuticular spines
on the transverse striations of body surface (Fig. 2A). A pair of
lips was located at the anterior end of the body. The hooklets
on the head bulb were somewhat curved posteriorly and had
a sharp-pointed end. A cervical papilla was located between
the 9th and 10th transverse striations (Fig. 2B, C). Cuticular
spines with a sharp point were regularly arranged on the trans-
verse striations, and they were densely distributed on the body
surface of the anterior part and gradually decreased in size and
number posteriorly (Fig. 2D, E). Near the posterior end of lar-
vae, smaller cuticular spines were more sparsely distributed
and an anus was seen (Fig. 2F).

DISCUSSION

The Asian swamp eel, M. albus, has been frequently exam-
ined as a susceptible fish host of G. spinigerum in Southeast
Asian countries such as Thailand and Vietnam, and even in
USA [10-15]. Sieu et al. [10] surveyed on the prevalence and
intensity of G. spinigerum AdLs in wild swamp eels collected
monthly from 2 localities of Vietnam, i.e,, Long An Province
and Hoc Mon District of Ho Chi Minh City. Saksirisampant
and Thanomsub [11] examined total 1,420 livers of swamp
eels from a farm (1,037 eels) in Aranyaprathet District, Sa
Kaeo Province, Thailand and those (383 wild-caught eels)
from Min Buri District, Bangkok, Thailand. Cole et al. [15] in-
vestigated 47 imported swamp eels purchased in fish markets
and 67 wild-caught specimens in USA. In Myanmar, there has
been no study on larval gnathostome infections in swamp
eels. Instead, small scale surveys to determine the source of
human infections was performed 2 times on other kinds of

fish, i.e., catfish, freshwater bream (Tilapia sp.), and snake-
heads [6,8]. Accordingly, it has been confirmed for the first
time in this study that Asian swamp eels, M. albus, from Yan-
gon, Myanmar are heavily infected with G. spinigerum larvae.

We examined only 37 swamp eels collected in a local fish
market of Yangon through 4 different times in June and De-
cember 2013 and 2014. Because of limitation in transportation
of fish specimens with ice from Myanmar to Korea, we could
not investigate an enough number of fish for 2 years. There-
fore, we were unable to see the seasonal infection trend of lar-
val gnathostomes in Asian swamp eels in Myanmar. However,
we could see that the prevalence was higher in December and
the infection intensity was higher in June. In Vietnam, it is
known that both the prevalence and infection intensity were
higher during the latter part of the rainy season (August-Octo-
ber) in Vietnam [9], and in August in Thailand [11,12]. The
discrepancy between the prevalence and infection intensity
may have been caused by the small number of fish examined
in this study. Further studies should be performed to know the
seasonal prevalence and endemicity of gnathostome infections
in Asian swamp eels from Myanmar.

The species determination of larval Gnathostoma (AdLs) is
mainly dependent on the number and distribution of hook-
lets on the head bulb. In the case of G. spinigerum, the number
of hooklets in each row is more than 40 and reveals an in-
creasing trend posteriorly [1]. In our specimens, the average
number of hooklets on the head bulb was 41, 45, 48, and 51,
and the larval gnathostomes were identified as the AdLs of G.
spinigerum.

In the present study, 401 (12.2 per fish infected) larval gna-
thostomes were detected from 33 (89.2%) swamp eels. Sieu et
al. [10] detected 1,008 (8.1 per infected fish) larvae in 125
(4.4%) out of 2,830 wild swamp eels collected in 2 localities,
i.e, Long An province and Hoc Mon district of Ho Chi Minh
City, southern Vietnam. Saksirisampant and Thanomsub [11]
harvested 674 (3.7 per infected fish) larvae in 184 (13.0%)
out of 1,420 livers of swamp eels from a farm (1,037 eels) in
Aranyaprathet District, Sa Kaeo Province and those (383 wild-
caught eels) from Min Buri District, Bangkok, Thailand. Cole
et al. [15] found 36 live AdL; of G. spinigerum in 13 (27.7%)
out of 47 swamp eels which were imported to USA. The preva-
lence and intensity of infections are much higher in swamp
eels from Myanmar than in those from Vietnam and Thailand,
and even in imported ones to USA. Based on aforementioned
findings, there is a potential risk of human gnathostomiasis in
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Myanmar if improperly cooked freshwater fish, especially
Asian swamp eels, are consumed.

The predilection site of G. spinigerum larvae is known to be
the liver of swamp eels. So, some workers in Thailand exam-
ined only the livers of swamp eels to evaluate the endemicity
of larval G. spinigerum infections [11-14]. Rojekittikhun et al.
[12] reported the distribution pattern of G. spinigerum larvae in
the livers and muscles of swamp eels. They recovered 57.0% of
the total number of larvae (n=5,532) in the livers of 555 eels
infected, and 43.0% in the muscles. Cole et al. [15] recovered
total 36 G. spinigerum larvae from 47 Asian swamp eels im-
ported to USA. Among them, 21 (58.3%) were collected in the
liver, 7 (19.4%) in the muscle, 5 (13.8%) in the gastrointesti-
nal tract, and 3 (8.3%) in kidneys. However, in the present
study, most of the larvae (95.5%) were found in the muscles
of eels, and the remainder (4.5%) was detected in the viscera.
At any rate, although the liver is a predilection site of G. spini-
gerum larvae in swamp eels, it seems less reasonable that epi-
demiological investigations were performed only on livers for
surveys on the infection status of G. spinigerum larvae in
swamp eels.

As the second intermediate or paratenic hosts (the source of
human infection) of G. spinigerum, several species of fish in-
cluding the swamp eel, 3 crab spp., 8 amphibian spp., 5 snake
spp., 23 bird spp., and 6 mammalian spp. have been reported
in the literature [1]. Regarding larval gnathostome infections
in Myanmar, Chai et al. [6] examined 10 freshwater fish, in-
cluding 6 catfish, 3 Tilapia sp., and 1 snakehead to reveal the
source of human infections in Yangon, Myanmar. They recov-
ered 2 AdLs of G. spinigerum in 2 of 6 catfish. Jung et al. [8]
collected 2 AdLs of G. spinigerum in 1 out of 15 snakeheads,
Channa striatus, from a local market in a suburban area of Nay-
pyidaw, Myanmar. Accordingly, 3 species of fish, i.e., Parasilu-
rus sp. (catfish), C. striatus (snakehead), and M. albus (Asian
swamp eels), have been confirmed to be the second interme-
diate or paratenic host of G. spinigerum in Myanmar. Other
possible intermediate or paratenic hosts including susceptible
fish should be systematically examined in the near future in
Myanmar. People having the food habit to consume raw or
undercooked flesh of fish like Korean and Japanese should
pay attention to gnathostome infections in Myanmar.
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