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High Prevalence of
Echinostoma mekongi Infection
in Schoolchildren and Adults,
Kandal Province, Cambodia

Bong-Kwang Jung,' Taehee Chang,' Seungwan Ryoo, Sooji Hong, Jeonggyu Lee,
Sung-Jong Hong, Woon-Mok Sohn, Virak Khieu, Rekol Huy, Jong-Yil Chai

A high prevalence of Echinostoma mekongi infection
(13.9%; 260/1,876) was found among schoolchildren and
adults in Kandal Province, Cambodia, by fecal examina-
tion, worm expulsion, and molecular analysis of cox1 and
nd1 genes. The source of infection was consumption of
Pila sp. snails, a finding confirmed morphologically and
molecularly.

chinostomiasis is a disease caused by infection

with echinostome flukes (Echinostomatidae)
and is characterized by intestinal inflammation ac-
companied by mucosal ulceration and bleeding (1,2).
Echinostomiasis, a typical example of a foodborne
helminthiasis, is contracted by consuming raw or im-
properly cooked snails, bivalves, fish, or amphibians
(1,2). This disease has been neglected mainly because
of underestimated prevalence and worm burden
(global prevalence and burden unknown) as well as
underrecognized clinical and public health signifi-
cance. In South Korea and Japan, patients infected
with the echinostome Isthmiophora hortensis reported
gastrointestinal issues, and diagnosis was established
after physicians extracted adult worms via gastroin-
testinal endoscopy (1).
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Echinostoma mekongi was described as a new
human-infecting echinostome that emerged in Kra-
tie and Takeo Province, Cambodia, and identified
through morphologic and molecular analyses (3).
The adult flukes were recovered from persons re-
siding along the Mekong River in these provinces,
who reported abdominal discomfort, indigestion,
and other gastrointestinal troubles (3). The meta-
cercarial stage of E. mekongi was detected in fresh-
water snails, Filopaludina martensi cambodjensis, a
popular food item in Pursat Province (4). We found
a highly endemic area of E. mekongi infection in
riverside villages of Kandal Province (surround-
ing Phnom Penh, the capital; population ~1.27
million). Adult flukes were expelled after chemo-
therapy and purging and then analyzed morpho-
logically and molecularly (cox1 and ndl genes).
Freshwater snails, Pila sp., were verified to be the
source of infection, but the first intermediate host
and the natural definitive host other than humans
remain unknown.

The Study

We collected fecal samples in May 2019 from 1,876
villagers, including 1,631 schoolchildren (794 boys
and 837 girls, 5-19 years of age) and 245 adults (89
men and 156 women, 20-85 years of age), residing
along the Mekong River in Kandal Province, Cam-
bodia (Figure 1, panel A). We examined samples for
helminth eggs by using the Kato-Katz thick-smear
technique. The overall helminth egg-positive rate
was 16.5%. The egg-positive rate of E. mekongi was
13.9% and markedly higher (>5 times) in schoolchil-
dren (15.5%) than in adults (2.9%) (Table 1). E. mekon-
g1 eggs were operculated, oval to ovoid, yellowish,
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Figure 1. Study area and specimens of Echinostoma mekongi flukes and Pila sp. snails for study of E. mekongi infection in
schoolchildren and adults, Kandal Province, Cambodia. A) Study area in Cambodia. B) Adult specimen of E. mekongi fluke expelled
from a volunteer after chemotherapy and purging. Scale bar = 1.2 mm. C, D) Pila sp. snails purchased from a local market in Kandal
Province, showing variable sizes. The presence of metacercariae in these snails was confirmed. Scale bar in panel D = 3 cm. E)
Metacercaria of E. mekongi encysted in the tissue of a Pila sp. snail, showing its characteristic structures, including 37 collar spines
(arrows), oral sucker, ventral sucker, and excretory granules. Scale bar = 50 m. EG, excretory granules; OS, oral sucker; OV, ovary; T,

testis; VS, ventral sucker.

thin-shelled, and 102-130 (average 116) pm long and
62-90 (average 76) pm wide (n = 10). Other helminth
species detected were Opisthorchis viverrini (0.9%),
hookworms (0.7%), Enterobius vermicularis (0.7 %), Hy-
menolepis nana (0.7%), Trichuris trichiura (0.3%), and
others (Table 1).

We recruited 8 schoolchildren and 2 adult volun-
teers for the recovery of E. mekongi adult flukes (Table
2) and administered a single oral dose of 10-15 mg/
kg praziquantel (Shin Poong Pharm. Co., https://
shinpoong.co.kr/en/main/main.php), followed by
purging with 20-30 g magnesium sulfate. We collect-
ed whole diarrheic stools 3 to 5 times and pooled them
individually. We fixed adult flukes in 10% formalin,

stained the samples with acetocarmine, cleared each
in glycerin-alcohol, and mounted the samples in glyc-
erin jelly. We kept some samples in 70%-80% ethanol
for molecular analyses.

We recovered 48 adult and 38 juvenile specimens
(86 in total) of E. mekongi flukes from the 10 volun-
teers (Table 2). Schoolchildren (n = 8) expelled a total
of 64 worms (8 per child), and adults (n = 2) passed a
total of 22 worms (11 per person) (Table 2). The adult
flukes (Figure 1, panel B) were elongated and leaf-
like, with small head collars and small collar spines
(37 in 2 alternating rows; 5 corner spines), globular
or slightly lobed testes, vitelline follicles not merging
near the posterior end, and 7.7-11.2 (average 9.5) mm

Table 1. Results of fecal examinations in study of Echinostoma mekongi infection among schoolchildren and adults in riverside

villages along the Mekong River in Kandal Province, Cambodia*®

No. (%) egg-positive cases

No. Any helminth Taenia
Age group examined egg Em Ov Sm Hw Al Tt Ev Hn sp.
Schoolchildren 1,631 290 (17.8) 253 (15.5) 11(0.7) 1(0.1) 8(0.5) 2(0.1) 5(0.3) 10(0.6) 10(0.6) 1(0.1)
Adults 245 20 (8.2) 7(2.9) 6(24) 1(04) 6(24) 0 0 1(04) 1(0.4) 0
Total 1,876 310 (16.5) 260(13.9) 17(0.9) 2(0.1) 14(0.7) 2(0.1) 5(0.3) 11(0.6) 11(0.6) 1(0.1)

*Em, Echinostoma mekongi; Ov, Opisthorchis viverrini; Sm, Schistosoma mekongi; Hw, hookworms; Al, Ascaris lumbricoides; Tt, Trichuris trichiura; Ev,

Enterobius vermicularis; Hn, Hymenolepis nana.

Emerging Infectious Diseases *« www.cdc.gov/eid ¢ Vol. 30, No. 3, March 2024

573



DISPATCHES

Table 2. Worm expulsion after praziquantel treatment and purging from volunteers positive for Echinostoma mekongi eggs in fecal
examinations in study of Echinostoma mekongi infection in schoolchildren and adults, Kandal Province, Cambodia*

No. E. mekongi eggs in No. adult E. mekongi fluke

Age group and code no. Age, y Kato-Katz fecal smearst specimens expelledt
Schoolchildren
1 15 168 46
2 15 264 6
3 16 96 4
4 16 480 2
5 14 168 2
6 13 216 2
7 13 168 1§
8 12 48 1
Adults
1 46 720 15
2 41 120 78

*All case-patients were female. Fecal samples were collected individually 2-3 h after praziquantel administration and purging with MgSOQOa.

TEggs/g of feces; amount in a typical smear was assumed to be 41.7 mg.

FAll recovered worms were adults that contained eggs except for 38 of 46 worms from schoolchildren case 1, which were juvenile or young adults containing

no or only a few uterine eggs.

§Adult specimens of Enterobius vermicularis (120 female worms in schoolchildren no. 7 and 1 female worm in adult no. 2) were collected simultaneously

by 1.8-2.3 (average 2.1) mm in size (n = 10), all char-
acteristic features of E. mekongi flukes (3).

We purchased Pila sp. snails (Figure 1, panels C
and D) at a local market in Kandal Province and ex-
amined them for metacercariae by using the crushing
method. We detected 10 metacercariae in 5 (7.1%) of
70 snails examined. The metacercariae (n = 5) were
round, 165-188 (average 176) pm in diameter (Figure
1, panel E), and encysted with a thin, pinkish, refrac-
tile wall. The metacercariae were equipped with a

A

@ MW387621; Kandal, from Pila sp.
MW199181; Pursat

@ MW387615; Kandal, from human
@® MW387616; Kandal, from human
® MW387617; Kandal, from human
® MW387618; Kandal, from human
@ MW387619; Kandal, from human
MT449688; Kratie

MT449683; Kratie mekongi

Echinostoma

total of 37 collar spines, oral and ventral suckers, ex-
cretory granules, and other internal organs.

We obtained mitochondrial cytochrome ¢ oxi-
dase 1 (cox1) and NADH dehydrogenase subunit 1
(nd1l) gene sequences for molecular analyses of the
adult flukes and metacercariae. We extracted the ge-
nomic DNA of each segment by using the DNeasy
Blood and Tissue kit (QIAGEN, https://www.
giagen.com/us), following the manufacturer’s in-
structions. We performed PCR amplification and
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Figure 2. Phylogenetic trees of cox1 (A) and nd1 (B) genes of Echinostoma mekongi adults (n =
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6) extracted from volunteers and

metacercaria (n = 1) extracted from Pila sp. snails for study of E. mekongi infection in schoolchildren and adults, Kandal Province,
Cambodia. Sequences from this study (shades boxes) are shown in comparison with other 37-collar-spined Echinostoma spp.

(outgroup; Opisthorchis viverrini). The trees were constructed using the maximum-likelihood method, employing the Tamura-Nei model
of nucleotide substitution with 1,000 bootstrap replications and viewed in MEGA X (https://www.megasoftware.net). GenBank accession
numbers are given for all sequences. Scale bars indicate substitutions per site.
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sequencing by using the primers (JB3 and JB13 for
cox1 and JB11 and JB12 for ndl) and conditions de-
scribed in a previous study (5). We constructed phy-
logenetic trees by using the maximum-likelihood
method available in MEGA X (6) and also incorpo-
rating the Tamura-Nei model of nucleotide substitu-
tion with 1,000 bootstrap replications.

Partial sequences of cox1 (230 bp) (MW387615-
MW387621) and ndl (453 bp) (MW390777-83) genes
in our samples (adult flukes and metacercariae) re-
vealed strong identity with E. mekongi sequences (Fig-
ure 2, panels A and B). The phylogenetic tree of cox1
showed that our samples (n =7) were tightly clustered
(99.0%-100% identical) with E. mekongi (MT449688;
human, Kratie Province, Cambodia) but separated
from other 37-collar-spined echinostomes, including
E. caproni (AF025830; 92.2%), E. trivolvis (GQ463003;
91.7%), E. miyagawai (KP455602; 90.2%-91.2%), and E.
revolutum Southeast Asian (GU324945; 90.0%-91.0%)
and American lineages (GQ463020; 89.8%). The phylo-
genetic tree of nd1 revealed also that our samples (n =
7) were closely aligned (98.7%-100%) with E. mekongi
(MT431430; human, Kratie Province, Cambodia) but
separated from other 37-collar-spined Echinostoma
spp., including E. paraulum (KP065680; 88.7%-89.4%),
E. cinetorchis (KU519289; 87.4%-88.1%), E. novaezea-
landense (KY436399; 86.9%-87.6%), and E. revolutum
American (GQ463056; 86.3%-86.5%) and Eurasian
lineages (KC618453; 86.2%-86.4%).

Conclusions
Large trematode eggs, particularly, those of echino-
stomes, have been detected in various localities of
Cambodia (7-11). In Pursat Province, echinostome
eggs were found in 56 schoolchildren, and the worms
expelled from 4 volunteers were assigned as E. revolu-
tum by morphologic analysis (7). We think, however,
that those worms might have been E. mekongi because
E. mekongi and E. revolutum are morphologically close
and almost indistinguishable (3). Molecular studies
are necessary to draw a definite conclusion on the
species of those echinostomes. In Oddar Meanchey
Province, the eggs of echinostomes were detected
in 13 persons, and the adult flukes expelled were
confirmed to be Echinostoma ilocanum flukes, having
49-51 collar spines (8). Echinostome eggs were also
detected in 71 persons in Kratie Province (9) and 52
persons in Takeo Province (10), and 6 volunteers were
confirmed to be infected with E. mekongi flukes by
morphologic and molecular analyses (3).

A previous study of persons in Kandal Province,
Cambodia, found a high prevalence (46.5%; 106/228)
of large trematode eggs (suggested to be Echinostoma
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spp.) among schoolchildren (5-18 years of age), but
no adult worm recovery nor molecular analysis was
performed (11). By the time of our study, it was con-
firmed that E. mekongi infection is highly prevalent
among schoolchildren and adults in Kandal Prov-
ince. The recovery of both juvenile and adult flukes
may indicate the continuity of infection in this village.
Freshwater snails of Pila sp. were proven to be the
source of infection. It is speculated that E. mekongi in-
fection might be prevalent not only in other localities
of Cambodia but also in neighboring countries (Thai-
land, Laos, and Vietnam) along the Mekong River
and its tributaries. Avoidance of consuming raw or
undercooked Pila sp. snails is a preventive measure
for this emerging parasitic infection in those areas.
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¢ Challenges in Forecasting Antimicrobial
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e Pediatric Invasive Meningococcal
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(Aotearoa), 2004-2020

o Bacterial Agents Detected in 418 Ticks
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2014-2021, France

® Association of Scrub Typhus in Children
with Acute Encephalitis Syndrome and
Meningoencephalitis, Southern India

* Nocardia pseudobrasiliensis
Co-infection in SARS-CoV-2 Patients

e Monitoring Temporal Changes in
SARS-CoV-2 Spike Antibody Levels and
Variant-Specific Risk for Infection,
Dominican Republic, March 2021—
August 2022

¢ Extensive Spread of SARS-CoV-2
Delta Variant among Vaccinated
Persons during 7-Day River Cruise,
the Netherlands

* Mapping Global Bushmeat Activities to
Improve Zoonotic Spillover Surveillance
by Using Geospatial Modeling

¢ Adeno-Associated Virus 2 and Human
Adenovirus F41 in Wastewater during
Outbreak of Severe Acute Hepatitis in
Children, Ireland

e Outbreaks of SARS-CoV-2 Infections in
Nursing Homes during Periods of Delta
and Omicron Predominance, United
States, July 2021-March 2022

o Effectiveness of BNT162b2 Vaccine against
Omicron Variant Infection among Children
5-11 Years of Age, Israel

* Monkeypox Virus Infection in 2 Female
Travelers Returning to Vietnam from
Dubai, United Arab Emirates, 2022

® Ocular Trematodiasis in Children, Sri Lanka

¢ Tularemia in Pregnant Woman, Serbia, 2018

e Experimental Infection and Transmission
of SARS-CoV-2 Delta and Omicron Variants
among Beagle Dogs

¢ Highly Pathogenic Avian Influenza A(H5N1)
Virus Outbreak in New England Seals,
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SARS-CoV-2 Omicron BA.2.3.7 Variant,
Taiwan

e Yezo Virus Infection in Tick-Bitten Patient
and Ticks, Northeastern China

o Effects of Seasonal Conditions on
Abundance of Malaria Vector Anopheles
stephensi Mosquitoes, Djibouti,
2018-2021

e Serial Intervals and Incubation Periods
of SARS-CoV-2 Omicron and Delta
Variants, Singapore

e Serial Interval and Incubation Period
Estimates of Monkeypox Virus Infection in
12 Jurisdictions, United States,
May—-August 2022

e Two-Year Cohort Study of SARS-CoV-2,
Verona, Italy, 2020-2022

e Chikungunya Outbreak in Country with
Multiple Vectorborne Diseases, Djibouti,
2019-2020
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