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Objective: To explore the genetic variation and differentiation of 2 echinostomes from genus
Echinostoma, i.e. Echinostoma revolutum (E. revolutum) and Echinostoma malayanum (E.
malayanum) from Khon Kaen Province, Thailand. Methods: These parasites were compared
at 22 enzymes encoding a presumptive 30 loci by using multilocus enzyme electrophoresis
(MEE) technique. Results: Twenty—two loci can be used as diagnostic markers to differentiate
these 2 species. E. revolutum and E. malayanum had fixed genetic differences at 70% of loci,

Keywords: whereas both species had fixed genetic differences from the liver fluke, Opisthorchis viverrini
Echinostoma at 91% of loci. Intraspecific variation within a population of E. revolutum was observed at 5
Echinostomes polymorphic loci. Conclusions: MEE is a powerful technique to investigate genetic variation and

Genetic variation differentiation of E. revolutum and E. malayanum.

Multilocus enzyme electrophoresis
Allozyme

1. Introduction

Human echinostomiasis is caused by at least 19 species
of echinostomes (from 8 genera). The most speciose
genus, Echinostomalll, has been reported in China,
India, Indonesia, Japan, Korea, Malaysia, Philippine,
Russia, Taiwan and Thailandi2-4l. In Thailand, 5 species
of echinostomes have been reported to infect humans,
three of which are Echinostoma ilocanum (E. ilocanum),
Echinostoma revolutum (E. revolutum) and Echinostoma
malayanum (E. malayanum)2l. Morbidity and mortality
due to echinostomiasis are difficult to assess because of a
prolonged latent phase, a short acute phase and clinical
symptoms similar to other intestinal helminthiasis.
Moreover, clinical symptoms are related to parasite loadll.
The significant pathology of human echinostomiasis is the
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intestinal mucosa damage and cause extensive intestinal
and duodenal erosions(l]. Echinostomiasis is also a very
important disease in domestic animals and wildlife.
Echinostomiasis differs from other disease causing from
other food—borne trematodes because of it has a much
broader second intermediate host range. A wide variety
of aquatic animals, namely snails, crustaceans, fish and
amphibians serve as the second intermediate hostsl5.
These parasites propagated in wide range of host but
the genetic variation of echinostomes is have no more
concern especially in Southeast Asian echinostomes.
The predominant differences of gloss morphology among
these echinostomes are circumoral disc and testes
characteristic3l. However, distinguishing between these
parasites is probably confusing if external and internal
organs of these worms are not well developed, especially
testes shape. Moreover, co—infection of E. revolutum and
E. malayanum has been founded in rat and human host.
Then, molecular markers are needed to confirm the case
of unidentified species morphologically. The molecular
markers have been developed to identify or differentiate
species, and also examine genetic relationships of
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American, African and Australian echinostomesl6.7].
Multilocus enzyme electrophoresis (MEE) is a powerful
technique that has been effectively used to investigate
genetic variation and population genetic of many food—borne
parasitic trematodes previouslyl8.9], including Echinostoma
spp.[10.

The aims of the present study were to explore the genetic
variation within and between 2 medically important
echinostomes from genus Echinostoma (E. revolutum and E.
malaynum) using MEE, and to establish genetic makers for
their identification and differentiation.

2. Materials and methods
2.1. Sample collection

Adult worms of E. revolutum were collected from intestines
of domestic ducks from a slaughterhouse in Khon Kaen
Province, Thailand. E. malayanum were grown in hamster
with metacercarial cysts obtained from Indoplanorbis
exustus snail collected from a natural swamp in Khon
Kaen Province, Thailand. These snails were digested by
0.3% pepsin A solution, as method of the extraction of
Opisthorchis viverrini metacercariae from cyprinid fish as
described previouslyl9l. The metacercariae of E. malayanum
were identified under a stereomicroscope, after that 50 live
metacercariae were given orally to each of a male golden
Syrian hamster, aged 6-8 weeks, by intragastric intubation.
The hamsters were sacrified 30 days after infection. The
adult of these trematodes were examined using a light
microscope and identified to species—level according to
the size of the circumoral disc, testes morphology and the
number of collar spinesi3l. Several individual worms of
each species were randomly selected for carmine staining
to confirm their species identity by morphologyl3l. Other
individuals were washed extensively in normal saline,
and then frozen at =80 °C for subsequent electrophoretic
analyses.

2.2. Sample preparation for electrophoresis

Individual worms were placed in a microcentrifuge tube
to which 10-30 g L of lysing solution (100 mL distilled H,0,
100 ¢ L. B —mercaptoethanol, 10 mg NADP) was added.
Samples were manually homogenized with a glass rod. The
homogenates were then centrifuged at 10 000 rpm for 10 min
while maintained at a temperature of 4 °C. Supernatants
were stored in capillary tubes as 5 p L aliquots at =20 °C
until required.

2.3. MEE

MEE was performed using cellulose acetate gels (Cellogel;
Milan) as the support medium, with 0.02 M phosphate buffer
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(pH 8.0) used as the running buffer. MEE gels were run for
120-150 min at a constant voltage (200 V) and at a constant
temperature (4 °C). The histochemical staining methods
were used. Parasite samples were compared using 22
enzymes (abbreviation, enzyme commission No.), namely:
adenylate kinase (Ak, 2.7.4.3), aldolase (Ald, 4.1.2.13),
enolase (Enol, 4.2.1.11), fructose—1,6—diphosphatase (Fdp,
3.1.3.11), fumarate hydratase (Fum, 4.2.1.2), glyceraldehyde—
3—phosphate dehydrogenase (Gapd, 1.2.1.12), glucose—
6-phosphate dehydrogenase (G6pd, 1.1.1.49), aspartate
amino transferase (Got, 2.6.1.1), glucose—phosphate
isomerase (Gpi, 5.3.1.9), hexokinase (Hk, 2.7.1.1), isocitrate
dehydrogenase (Idh, 1.1.1.42), malate dehydrogenase
(Mdh, 1.1.1.37), malic enzyme (Me, 1.1.1.40), nucleotide
diphosphate kinase (Ndpk, 2.7.4.6), peptidase valine—
leucine (PepA, 3.4.13.11), peptidase leucine—glycine—
glycine (PepB, 3.4.11.4), peptidase phenylalanine—proline
(PepD, 3.4.13.9), phosphoglycerate mutase (Pgam, 2.7.5.3),
phosphoglucomutase (Pgm, 2.7.5.1), pyruvate kinase (Pk,
2.7.1.40), triose phosphate isomerase (Tpi, 5.3.1.1), and
uridine monophosphate kinase (Umpk, 2.7.1.48).

2.4. Data analyses

For each enzyme, the alleles with the least electrophoretic
mobility from the cathode were designated as allele a.
The multiple banding patterns of individual worm at a
particular locus were consistent with the expectations of
heterozygous individuals for enzymes with a quaternary
structure, e.g. two—banded and triple-banded patterns
for heterozygous individuals for monomeric and dimeric
enzyme, respectivelyl9l. The fixed allelic (hence genetic)
differences among samples representing the 2 echinostome
species were recorded. A fixed genetic difference occurs
when 2 group of samples do not have any alleles in common
at an enzyme locusl!1l. A phenogram was constructed based
on an unweighted pair group method with arithmetic mean
(UPGMA) to measure the fixed differences between and
within species.

3. Results

In this study, genetic variation within and between 2
medically important species of echinostomes, E. revolutum
and E. malayanum were analysed using 22 enzymes which
encoded presumptive 30 loci. Of this, up to 17 loci can be
used to differentiate E. revolutum from E. malayanum (Figure
1). Intraspecific variation within E. revolutum population was
observed at 5 loci, namely G6pd—1, Goi—1, Me—1, PepA-2
and PepB-2 (Figure 2). Of these, two alleles were detected
at for G6pd—-1, Got—1I and PepB-2, whereas 3 alleles were
detected fort Me—1I and PepA-2. Within a population of
E. revolutum showed individually fixed difference ranged
between 0-12%, whereas a fixed difference was not detected
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within a population of E. malayanum. Fixed genetic
difference between E. revolutum and E. malayanum was
detected at 21 loci (70% of loci examined). The echinostomes
showed genetically differ from the liver fluke, O. viverrini at
91% fixed difference (Figure 3).
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Figure 1. The electrophoretic banding patterns of Ald, a diagnostic
locus among E. revolutum, E. malayanum and O. viverrini.
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Figure 2. The electrophoretic banding patterns of 10 individuals of E.
revolutum for PepA.
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Figure 3. A phenogram depicting % fixed genetic difference between
E. revolutum, E. malayanum and O. viverrini. Each dot represents an
individual adult sample, except for O. viverrini (represents a pool of 10

adultworms).

4. Discussion

The number of enzyme loci examined (30 loci) for

echinostomes in this study is a larger than in previous
studiesl12l. Seventeen diagnostic loci between E. revolutum
and E. malayanum observed herein strongly supported that
allozyme markers were potentially used to investigate genetic
variation and differentiation of echinostomes in Thailand
as in previous studyll0l. Moreover, the 5 polymorphic loci,
G6pd—-1, Goi—1, Me—1, PepA-2 and PepB-2 may provide
the opportunity for further comprehensive analyzes of the
population genetics in these parasites as previous studies
in other trematodes, e.g. 0. viverrini sensu latol13]. As
known that various freshwater snails, fish, crustaceans
and amphibians act as first and second intermediate host
of echinostomes, while several species of mammals and
poultry have been reported as definitive hostsi5l. Then,
allozyme markers established in this study could be used for
a more comprehensive genetic investigation within and/or
among species of echinostomes, as well as co—evolutionary
relationships of their hosts, as has been done between O.
viverrini and its first intermediate host, Bithynia snaildl.
In addition, diversity of host species should importantly
influence the genetic variation of these parasites, in term of
subdivision populations, the spatial patterns of selection,
and the extent of gene flow between populations(141.

Fixed genetic difference between E. revolutum and E.
malayanum (70%) is greater than the genetic differences
reported previously among other three echinostomes
from genus Echinostoma, i.e. Echinostoma caproni (E.
caproni), Echinostoma paraensei (E. paraensei) and
Echinostoma trivolvis (E. trivolvis)121. The level of percent
fixed differences that typically distinguishes different
species when allopatric populations are being compared
should be greater than 15%. Then, within a population of
E. revolutum showed individually fixed difference ranged
between 0-12%, which suggested that intraspecific variation
should exist in this population. A fixed difference was not
detected within an E. malayanum population, which may
cause from high inbreeding in this sympatric population.
However, these echinostomes endemic through Southeast
Asia, probably the species complex may be existed if more
isolates were examined. Additional independent analyses
such as morphological comparisons may provide evidence
to support this hypothesis. This may potentially be the
case as has been shown for two and five geographical
isolates of Brazilian E. paraenset and South—East Asian O.
viverrini sensu lato, respectively which have some distinct
biological characteristicl15.16]. Genetic investigations
across a wider geographical range, temporal and spatial
population dynamics of these medically important
intestinal parasites could be investigated as has been
done in other trematodes(17.18]. In addition, comprehensive
population genetics studies of more species and isolates of
echinostomes are essential to understand the micro— and
macro—evolutionary changes in Thailand and also other
countries in South—East Asia.
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