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a b s t r a c t
Together with host and environmental factors, the systematics and population genetic variation of
Opisthorchis viverrini may contribute to recorded local and regional differences in epidemiology and host
morbidity in opisthorchiasis and cholangiocarcinoma (CCA). In this review, we address recent ﬁndings that O.
viverrini comprises a species complex with varying degrees of population genetic variation which are
associated with speciﬁc river wetland systems within Thailand as well as the Lao PDR. Having an accurate
understanding of systematics is a prerequisite for a meaningful assessment of the population structure of each
species within the O. viverrini complex in nature, as well as a better understanding of the magnitude of genetic
variation that occurs within different species of hosts in its life cycle. Whether speciﬁc genotypes are related to
habitat type(s) and/or speciﬁc intermediate host species are discussed based on current available data. Most
importantly, we focus on whether there is a correlation between incidence of CCA and genotype(s) of O.
viverrini. This will provide a solid basis for further comprehensive investigations of the role of genetic
variation within each species of O. viverrini sensu lato in human epidemiology and genotype related morbidity
as well as co-evolution of parasites with primary and secondary intermediate species of host.
© 2011 Elsevier Ireland Ltd. All rights reserved.

1. Introduction
Opisthorchiasis is caused by Opisthorchis viverrini, one of the most
important food-borne liver ﬂukes in Asia. It is endemic in several
Southeast Asian countries such as Thailand, the Lao People's
Democratic Republic (Lao PDR), Vietnam, and Cambodia. Eight million
people in Thailand and 2 million people in Lao PDR are infected with
O. viverrini [1–3]. In Thailand, the distribution of O. viverrini varies
throughout the region. High prevalence is found in the northeast
followed by the north and central regions, however, there is very low
prevalence in the southern region. This geographical distributional
pattern is believed to be linked with the distribution of the snails,
which act as intermediate hosts.
The life-cycle of O. viverrini involves freshwater snails (Bithynia
spp.) as ﬁrst intermediate hosts, cyprinid ﬁsh as second intermediate
hosts, humans as the deﬁnitive hosts and cats and dogs as reservoir
hosts. Infection in humans is caused by eating raw or undercooked
ﬁsh containing viable metacercariae of O. viverrini [1]. Infection with
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this liver ﬂuke induces hepatobiliary pathology which can eventually
lead to bile duct cancer, cholangiocarcinoma (CCA), the leading cause
of death within the region [4]. Interestingly, the prevalence, incidence
and symptomatology of the diseases associated with O. viverrini
infection vary geographically [1,2]. Recently, molecular studies have
been employed to examine whether there is a genetic basis for this
observed heterogeneity.
In this review, current aspects of the systematics and population
genetics of O. viverrini as well as potential genetic variation among
different hosts which perpetuate the life cycle will be addressed. Gaps
of knowledge towards understanding the contribution of parasite
genetic variation in pathogenicity and/or virulence in human hosts
are explored. We envisage that this may enhance our understanding
of the long term dynamics of infection between different host species
in the life cycle with respect to the genetic composition of natural
species and populations of O. viverrini sensu lato.
2. Geographical variation in epidemiology of O. viverrini and
incidence of CCA
The prevalence, intensity of infection and incidence, and the
diseases associated with O. viverrini infection vary geographically.
Studies on prevalence and intensity of opisthorchiasis in all regions of
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Thailand have revealed marked regional variation with the greatest
prevalence and intensity found in the northeast [5]. Within the
northeast, there is variability at the province, district and village level.
A recent study in Khon Kaen Province, which examined people from
different districts for O. viverrini infection, revealed a high incidence of
CCA. Surprisingly, however, the prevalence of infection varied within
each district. The average crude prevalence of O. viverrini infection
was 24.5%, ranging from 2.1% to an alarmingly high 70.8% between
different districts.
As well as the incidence of CCA, truncated age-standardized
incidence of CCA at ages N35 years varied threefold between districts,
from 93.8 to 317.6 per 100,000 person-years [6]. Interestingly, this
report also showed that there was no correlation between prevalence
of O. viverrini and incidence of CCA within various districts in Khon
Kaen Province. A lack of such a correlation is not unexpected since
different species of hosts, the environment as well as parasite factors
may contribute to this ﬁnding. The extent to which genetic variation
of O. viverrini within the Chi River wetland in Khon Kaen Province and
their correlations with disease epidemiology and CCA remains to be
elucidated. Further examination is required on the incidence of CCA at
sub-district and village levels within Khon Kaen Province to
determine whether a similar pattern exists. For example, the crude
incidence rate (per 100,000 person-years) of CCA in different subdistricts within Khon Kaen District, Khon Kaen Province during 1985–
2009 showed large variation ranging from 8.0 to as high as 38.1 [7].
3. Systematics and genetic variation of O. viverrini
The ﬁrst report of genetic variation was on O. viverrini collected
from an autopsy subject with CCA, and was based on 3 enzyme
markers by the technique of enzyme electrophoresis [8]. It was not
until 2001, that genetic variation of O. viverrini was examined again
but this time it was based on DNA markers [9]. Partial mitochondrial
DNA cytochrome c oxidase subunit 1 (cox1) gene and the full length of
internal transcribed spacer 2 (ITS2) gene of adult O. viverrini from
different geographical areas, including from an autopsy in northeast
Thailand were analyzed. Intra- and inter-speciﬁc variations of cox1
sequence were found yielding 5 haplotypes based on the variation of 4
nucleotide positions. The ITS2 sequences, however, were identical
among O. viverrini from different geographical localities [9]. Application of random ampliﬁed polymorphic DNA (RAPD) in a pilot study,
suggested that genetic variation of O. viverrini may be associated with
different species of ﬁsh intermediate hosts leading to the hypothesis
that genetic variability may be related to these hosts [10]. Further
analysis by the RAPD technique revealed different banding patterns
between the isolates of O. viverrini from Thailand and those from Lao
PDR [11]. Subsequently, a comprehensive analysis by multilocus
enzyme electrophoresis (MEE) was undertaken for the ﬁrst time to
examine the systematics of O. viverrini [12]. We deﬁned and
established 32 enzyme loci as genetic markers to examine genetic
variation of natural populations of O. viverrini isolates from Thailand
and Lao PDR [12–14].
The MEE data showed that 15 O. viverrini isolates which were from
different geographical areas were delineated into 2 major lineages
(N30% ﬁxed genetic differences). These lineages could be further
subdivided into 6 distinct genetic groups (≥15%) which correlated
with 5 different wetland systems, i.e. the Chi, Mun, Songkram and
Wang River wetlands in Thailand, and the Nam Ngum River wetland
in Lao PDR. Within the Chi River wetland 2 distinct clusters of
O. viverini were detected one that occurred upstream and the other
downstream of the River. In addition, data suggested the possibility of
co-evolution between O. viverrini and its snail host (Bithynia siamensis
goniomphalos) as there was a high concordance of lineages and
speciﬁc genetic groups of O. viverrini and Bithynia snails [14]. A more
recent study by Kiatsopit et al., examined the genetic relationships of
isolates of O. viverrini from Savannakhet Province, Lao PDR and
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Thailand by MEE at 20 enzyme markers. The isolate from Savannakhet
Province closely aligned to the isolates from the Songkram River
wetland in Thailand and the Nam Ngum River wetland in Lao PDR.
These results suggested that genetic differentiation and/or gene ﬂow
of O. viverrini populations may be affected by biotic and/or abiotic
factors within each different wetland system [15].
O. viverrini is a sexually reproducing diploid parasite. It is
important to note that allozyme analyses of sexually reproducing
diploid vertebrate and invertebrate organisms, including parasites,
have shown that greater than 15% ﬁxed genetic differences typically
reﬂect the presence of morphologically similar, yet genetically distinct
hence “cryptic” species. On the other hand, at a single enzyme locus
ﬁxed genetic differences among two sympatric populations indicate
lack of gene ﬂow providing evidence for the existence of two species.
Two or more ﬁxed genetic differences at more than one enzyme locus
are unequivocal evidence of the existence of two sympatric cryptic
species (for detailed review see [16]). When samples from allopatric
populations are being examined, however, it is wise to obtain data
from independent methods (e.g. biological, epidemiological, ecological, molecular etc.), to conﬁrm the existence of cryptic species [16].
In our subsequent study, 2 mitochondrial genes, cox1 and NADH
dehydrogenase subunit 1 (nad1) were used to analyze 14 isolates of
O. viverrini collected from natural sources from Thailand and Lao PDR.
Another 5 sequences retrieved from GenBank were included for
comparison [17]. Two and 8 haplotypes were inferred from 2 (0.51%)
and 9 (1.35%) nucleotide positions of the cox1 and nad1 sequences,
respectively. A recent study by Thaenkham et al. (2010) detected 19
haplotypes from the variation of 20 (3.10%) nucleotide positions
of the nad1 sequence of 86 individual worms from 6 isolates of
O. viverrini from Thailand, Lao PDR and Cambodia [18]. Their DNA
sequencing-based study found that there was no correlation of
O. viverrini haplotypes with river wetlands. However, Thaenkham
et al. do point out that their data is based on the analysis of a single
gene and indicate that to further clarify whether an O.viverrini species
complex exists in the region, more extensive studies are required,
using other molecular markers and greater numbers of samples from
different geographical areas. This has in part been carried out by
Laoprom et al. [45] who conﬁrmed substantial population genetic
variation between geographical regions.
4. Source of genetic variations
4.1. Bithynia snail
Snail intermediate hosts, Bithynia species, belong to the phylum
Molluska, class Gastropoda, subclass Prosobranchia, order Mesogastropoda, family Bithyniidae. In Thailand, members of the family
Bithyniidae occur in three genera, Bithynia, Hydrobioides and Wattebledia, while the genus Bithynia can be divided into 2 subgenera,
namely Digoniostoma and Gabbia [19,20]. Although a number of
species of Bithyniidae are present in Thailand, only 2 species are
known to serve as the intermediate hosts of O. viverrini, namely
B. funiculata and B. siamensis. Within B. siamensis there are 2
subspecies, B. siamensis siamensis and B. s. goniomphalos. To date
there have been no comprehensive studies of the distributions of these
species. It is currently thought that B. funiculata is found in the north
(from 5 of 9 provinces), B. s. goniomphalos is found in the northeast
(from 12 of 19 provinces), while B. s. siamensis is considered to be in
central Thailand (3 of 22 provinces including Bangkok) [19–29].
Accurate and up to date information of the systematics and
distributional ranges of these Bithynia species is essential because
they are medically very important in that they act as the critical
amplifying host of O. viverrini. Typically, rates of infection of
O. viverrini in different species of Bithynia sampled from different
regions of Thailand vary between 0.03 and 1.6% [22,25,26,29,30].
Laboratory evidence has indicated that both B. funiculata and B. s.
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siamensis are more susceptible to O. viverrini infection than B. s.
goniomphalos [31]. The level of genetic variability within and between
species and subspecies has been examined by MEE analyses and has
provided preliminary evidence of genetic variation within B. s.
goniomphalos in northeast Thailand [14]. Results obtained suggest
an association with river wetlands and a possibility of co-evolution
between O. viverrini and snail hosts. Our current investigations have
shown that B. s. goniomphalos collected from the Songkram River
wetland, shed 8 times more O. viverrini cercariae/day/snail than those
from the Nam Ngum River wetland, Lao PDR (Kiatsopit, unpublished)
reﬂecting signiﬁcant biological differences between the 2 currently
proposed cryptic species of O. viverrini.
A recent MEE study provides genetic evidence that suggests the
systematics of Bithynia snails requires urgent re-examination since ﬁxed
genetic differences within the subspecies of B. s. saimensis and B. s.
goniomphalos are almost the same as between currently morphologically deﬁned species of B. siamensis and B. funiculata [15]. Utilization of
DNA-based genetic markers such as RAPD has also suggested wetland
associated genetic variability of B. s. goniomphalos in northeast Thailand
[23]. The observed low rate of infection in Bithynia snails in contrast to
high transmission in ﬁsh intermediate hosts and humans may depend
on speciﬁc parasite genotypes and other ecological factors. The role of
genetic variation in snails and hence susceptibility to O. viverrini
infection cannot be ruled out and requires further investigation. The
areas of further investigation suggested above need urgent attention as
they directly inﬂuence the transmission of this liver ﬂuke and the
diseases it causes, including CCA.
4.2. Cyprinid ﬁsh intermediate host
Freshwater ﬁsh are the second intermediate host of the liver ﬂuke
and are the most important sources of transmission to deﬁnitive hosts
including humans as they harbor infective metacercariae. It has been
recorded that more than 100 species of freshwater native ﬁsh are
infected with a related liver ﬂuke Clonorchis sinensis mainly in Korea,
China as well as Russia and more than 35 with Opisthorchis species. [3].
In Thailand and Lao PDR, 18 species of ﬁsh from seven genera have
been reported to serve as the intermediate hosts of O. viverrini. Of
these, Cyclocheilichthys apogon, C. armatus, C. repasson, Puntius
leiacanthus, and Hampala dispar are considered to be the most
important [32]. The parasite burden in ﬁsh is highly aggregated and
the majority of infected ﬁsh harbor 1–2 metacercariae, so that a
repeated, low dose of infection and/or exposure is likely (Sithithaworn
et al., unpublished). Natural infections of these cyprinid ﬁsh differ
markedly in their relative infection with O. viverrini, with C. armatus
having the highest intensity of infection followed by H. dispar [33,34].
Our recent report on genetic variation of O. viverrini based on ﬁsh
host species using allozyme markers revealed that there was a
signiﬁcant heterozygote deﬁciency in one out of 4 species of cyprinid
ﬁsh examined [33]. Obviously, given the extensive diversity of
cyprinid ﬁsh species, the differences in the intensity of infection and
differences in the biology and ecology of these intermediate hosts,
could strongly inﬂuence the population genetic structure (i.e. allele
and genotype frequencies; presence/absence speciﬁc genotypes) of
O. viverrini. The mechanism by which this could be achieved may
possibly be via host selection as in the case of Schistosoma japonicum
[35,36]. Moreover, increasing use of ﬁsh aquaculture, with increasingly high usage of cyprinid species [37], provides ample opportunities for host species switching by parasites, including those with
complex life cycles [38].
5. Population genetic structure of O. viverrini
The population genetics of O. viverrini from 5 different geographical isolates, 4 from Thailand (Khon Kaen, Mahasarakham, Buri Ram,
Sakon Nakhon) and one from Lao PDR, (Vientiane), has been

examined by MEE at 5 polymorphic enzyme loci [39] namely enolase
(Enol), fructose-1,6-diphosphatase (Fdp), phosphoglycerate mutase
(Pgam), phosphoglucomutase (Pgm) and triose phosphate isomerase
(Tpi). Comparatively high levels of genetic variability (3–4 alleles/
locus) were detected between the 5 populations of O. viverrini.
Heterozygote deﬁciency (FIS N 0) which was detected conformed to
Hardy–Weinberg equilibrium (HWE) in 4 of the 5 locations. The only
exception was an isolate from Buri Ram which showed signiﬁcant
heterozygote excess (FIS b 0). It is important to note that the level of
genetic differentiation (FST value) between populations from Thailand
and Lao PDR was very high, whereas the comparison among the Thai
populations was low [39].
An analysis of an O. viverrini population (231 adult worms)
collected from Lawa Reservoir, Ban Phai District, Khon Kaen Province
was examined by MEE using 3 polymorphic enzymes, Enol, Pgm and
Tpi. Deviations from HWE, heterozygote deﬁciencies, were observed
within this population [40]. To ascertain the impact of temporal
changes and ﬁsh host factors on genetic structure, O. viverrini isolates
from Ban Phai District, were examined [33]. Adult O. viverrini were
collected in 4 different years (2003–2006) together with 4 different
cyprinid ﬁsh populations. These were analyzed at 3 polymorphic
enzyme loci, namely Enol, Pgm and Tpi. The allele and genotype
frequencies of O. viverrini isolates collected in different years as well as
different species of cyprinid ﬁsh were relatively consistent. Signiﬁcant
heterozygote deﬁciencies compared to HWE were detected in some
populations at a particular locus. So far, we have not found signiﬁcant
differences in genetic differentiation (pairwise FST values) between
O. virerrini collected from different years or different host species but
more extensive studies in other wetlands are still needed.
Population genetic analyses using microsatellite DNA, also known
as simple sequence repeats (SSRs) or short tamdem repeats (STRs),
are tandemly repeated tracts of DNA composed of 1–6 base pair long
units [41] and have been increasingly used in many organism
including parasite [42]. Microsatellite DNA molecular markers are
well established for genetic analyses because of their abundance and
high level of polymorphism [36,43,44].
Microsatellite markers have been recently established and used to
explore genetic variation of O. viverrini in northeast Thailand and Lao
PDR [45]. Within the total of 41 microsatellite DNA that were isolated,
sequences detected had no signiﬁcant homology with known DNA
sequence in GenBank suggesting that they are type II (non-coding)
markers and the most frequent repeats in decreasing order were 13
CA/TG — 13/41 (31.7%), GT/AC — 9/41 (21.9%) and CAT/ATG — 6/41
(14.6%). The number of repeated motifs ranged from 4 to 44. Fifteen
out of 41 (36.5%) were perfect microsatellite repeats, 25 out of 41
(60.9%) were interrupted or non-perfect repeats and 1 out of 41
(2.4%) was a compound repeat. Within the perfect microsatellites, 60%
(9/15) were dinucleotide, 33.3% (5/15) were trinucleotide and 6.6%
(1/15) were tetranucleotide. Imperfect microsatellites, 60% (15/25)
were dinucleotide, 20% (5/25) were trinucleotide and 20% were
tetranucleotide. One compound microsatellite consisted of a dinucleotide repeat (1/1–100%).
Twelve microsatellite markers were used for genetic analysis of
150 individual worms from 5 different geographical localities from
Thailand and Lao PDR. Among the 5 localities examined, the range of
polymorphic loci per locality varied from 8 to 11. Positive FIS values
and highly signiﬁcant deviations from HWE expectations due to
homozygote excess were found between the majority of localities and
loci. The deviations from HWE may be the result of inbreeding as a
consequence of self-fertilization and/or founder effects in O. viverrini
populations. The ﬁndings of heterozygote deﬁciency at a number of
loci support previous results by Saijuntha et al. [40] and the
hypothesis that selﬁng (inbreeding) rather than cross-fertilization
(outbreeding) is a predominant mode of reproduction in O. viverrini.
Additionally, signiﬁcant geographic heterogeneity was found
between different geographical isolates in Thailand and Laos. This
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result suggests that these O. viverrini populations were not a single
panmictic population but rather had been differentiated genetically
into different gene pools, indicating the existence of intraspeciﬁc
population structures of O. viverrini as previously reported from
allozyme population genetic analyses [40]. This may be due to the
geographical location of distinct wetlands and the ﬂow and ﬂooding
patterns of the different river systems. For example, worms from
Lampang in the Wang River wetland which does not ﬂow or connect
with other wetlands exhibit greater degrees of genetic differentiation
than among worms from within Thailand and Lao PDR (Fig. 1) from
river wetlands that eventually ﬂow into the Mekong River.
Recently, Laoprom et al. have provided preliminary evidence that
worms from Nakhon Phanom may represent a biologically different
species based on signiﬁcant differences in infectivity, fecundity and
body size of O. viverrini from worms from other localities in Thailand
[46]. This correlates with genetic evidence that O.viverrini from
Nakhon Phanom is genetically distinct from other populations
throughout Thailand and Lao PDR [14]. The existence of geographic
differentiation in O. viverrini allows for studies on genotype-speciﬁc
prevalence of infection in different hosts (intermediate vs. human
host) as well as in different environments which need to be evaluated
in the future. Current data lend more support to this hypothesis and
add further independent evidence to support the hypothesis that
O. viverrini is indeed a species complex [14].
To date, microsatellite DNA analyses have shown and supported
previous evidence of the existence of considerable genetic diversity
and population sub structuring of O. viverrini within and between
geographical localities. The observed inbreeding parameter (positive
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FIS) suggested that self-fertilization and/or clonal distribution of the
parasite may be the underlying population processes. Based on FST the
lack of gene ﬂow between populations from Thailand and Lao PDR
supported the previous hypothesis of the existence of cryptic species
and that O. viverrini is a species complex. In spite of these new and
informative ﬁndings, caution in interpretation is needed to assure that
there is no sampling bias, particularly as adult worms are obtained
from experimentally infected animals and are used for molecular,
genetic and other analyses. A more direct way of sampling of other life
stages of the parasite is needed to conﬁrm current ﬁndings.
It is important to note that in a preliminary analyses of isolates
O. viverrini from the same localities in Thailand and Lao PDR, there was
concordance between the results from microsatellite DNA and
allozyme markers (unpublished). For example, highly signiﬁcant
concordance between both methodologies was obtained in gene
diversity, trends of heterozygote deﬁciency suggesting self-fertilization or inbreeding as a major mode of reproduction as well as the
patterns of genetic differentiation between geographical localities.
6. Relationship between genetic diversity and
disease epidemiology
The possibility that particular genotypes of the parasite may be
associated with disease presentation and/or pathology has been
investigated in S. haematobium [47]. Khon Kaen Province is an area
with a high incidence of CCA and in a smaller geographical area there
are considerable variations in epidemiology of CCA as well as opisthorchiasis among districts within the Province. Cancer registration

Fig. 1. Comparative levels of gene ﬂow between isolates of O. viverrini from different wetland systems in Thailand and Lao PDR based on genetic differentiation (pairwise FST value).
Thickness of the arrows represents level of gene ﬂow and a lack of connecting arrow indicates low or no gene ﬂow (data from Laoprom et al.) [44].
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Table 1
The relationship between the prevalence of O. viverrini, the incidence of cholangiocarcinoma and distribution of O. viverrini genotypes in a micro-geographical area of
Khon Kaen Province based on microsatellite DNA analyses and published data.
Parameter

CCA incidenceb(cases/100,000/year)
O. viverrini prevalence (%)b
Unique allelec
mt DNA(nad1)e
Enzyme locush
Ald
G6pd
Pk
a
b
c
d
e
f
g
h
i

Locality in Khon Kaen Provincea
KBs

KLp

KBp

KPv

92.4
26.4
−d
NAf

92.4
26.4
+
OVN3g

123.5
36.2
+
OVN4

208.9
37.8
+
OVN1

bi
b
b

b
b
c

c
a
b

b
a
b

KBs (Ban Sa-ard), KLp (Ban Lerngpleuy), KBp (Ban Phai), KPv (Phu Wiang).
Sriamporn et al. [6].
Microsatellite unique/private allele (unpublished).
No unique alleles.
Mitochondrial DNA; the subunit 1 of NADH dehydrogenase gene (nad1).
No data available.
Haplotype (Saijuntha et al., 2008) [17].
Saijuntha et al., 2007 [14].
Allele.

records indicate that high incidence levels of CCA are aggregated in
certain communities within Khon Kaen Province [6,48]. For instance,
within an area of approximately 100 km in radius among Khon Kaen,
Ban Phai and Phu Wiang districts of Khon Kaen Province, high levels of
CCA incidence (cases/100,000/year) have been recorded in Phu Wiang
(208.9) and Ban Phai (123.5). Lower but still high levels have also been
recorded for the Muang district (92.4) where Lerngpleuy and Ban Saard are located. Additionally, the highest levels of O. viverrini
prevalence have been recorded from this area, for instance, highest
prevalence was found in Phu Wiang (37%) and Ban Phai (36.2%). Lower
prevalence (26.4%) was found in Muang District [6,48]. From the
parasite genetic variation perspective, locality-speciﬁc alleles detected
allozymically and mitochondrial DNA (mtDNA) haplotype do exist and
are positively correlated (Table 1).
This preliminary data suggests potential roles of parasite genotype
on observed CCA incidence. It is therefore highly desirable to examine
the relationship between population genetic variation of O. viverrini
and the recorded local and regional differences in epidemiology, CCA
incidence and host morbidity. Currently, this question is being
addressed by using microsatellite DNA as genetic markers in an area
with high incidence of CCA in Khon Kaen, Thailand.
7. Conclusion
The discovery that O. viverrini is a species complex raises
fundamental questions and lays the foundation for cutting edge
research about the role that each cryptic species and the levels of
genetic variation between populations within each species play on
local and regional variability in parasite epidemiology and human
disease, including CCA. Currently, there are at least 2 cryptic species of
O. viverrini in Thailand and Lao PDR. Based on ﬁxed genetic differences
inferred from MEE, the 2 cryptic species contain 6 genetically very
distinct groups that are associated with major river wetland systems
in Thailand and Laos PDR, including the Chi, Mun, Songkram and
Wang Rivers in Thailand and the Nam Ngum River in Laos. Further
independent evidence that supports the existence of a species complex has been provided by data from microsatellite DNA, mtDNA, and
RAPD analyses as well as from infectivity, fecundity and morphological studies.
Even though currently a relatively limited number of investigations have used allozyme and microsatellite DNA markers they have
indicated similar different levels of population genetic variation at
both a macro- and micro-geographical scale. Although based on a
limited number of polymorphic loci, there are similar trends of

signiﬁcant heterozygote deﬁciency which may suggest inbreeding or
selﬁng as the predominant reproductive mode of O. viverrini. The
signiﬁcance of these preliminary data needs to be evaluated by
determining and deﬁning how many species make up the O. viverrini
species complex, determining their distributional ranges and utilizing
ﬁner scale population genetic analyses within each sibling/cryptic
species.
Once this is achieved, it will then enable us to determine whether
there is any correlation between parasite genetics and clinical
outcome (i.e. incidence of CCA). These studies are essential because
a potential outcome of the on-going control program with praziquantel and other anthelminthics directed at O. viverrini could result in changes in heterozygosity, as appears to be occurring with
S. mansoni following the recent implementation of mass praziquantel
drug control programs [49–51].
However precaution in interpretation is needed since existing data
on genetic diversity of O. viverini sensu lato is based on analyses of
adult stages obtained from experimental animals. Whether this
creates sampling bias or not is currently not known. This warrants
detailed examination and direct analyses using other life stages and
different types of host species, similar to those studies reported for
Schistosomes [49].
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