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Prevalence estimates of Opisthorchis viverrini <=

and Clonorchis sinensis infection in the Greater
Mekong subregion: a systematic review
and meta-analysis
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Abstract

Background Opisthorchiasis and clonorchiasis, caused by Opisthorchis viverrini and Clonorchis sinensis, respectively,
are significant yet neglected foodborne trematodiases in the Great Mekong Subregion (GMS). Despite the reporting
of the prevalence of these human liver flukes in the region over the past decades, there has been a lack of a com-
prehensive and systematic consolidation of this data. Therefore, we aimed to conduct a thorough systematic review
and meta-analysis to synthesize and analyze time-trend prevalence estimates of both O. viverrini and C. sinensis
across the GMS for the past 30 years.

Methods This study undertakes a systematic review using a comprehensive search for published articles in PubMed,
EMBASE, Scopus, Cochrane and Thai Journal Online databases until early 2023. The pooled prevalence of O. viver-

rini and C. sinensis infection was analyzed through a random-effects meta-analysis, with meta-regression analysis
used to quantify associations with study characteristics. Sub-group analysis was conducted, whenever comparison
data were available, to assess the risk of O. viverrini and C. sinensis infection in each GMS country. Heterogeneity
among studies was assessed using the Q statistic and quantified by using the /” Index.

Results From a total of 2997 articles, 155 articles comprising 218 datasets and 751,108 participants were included

for review. The GMS prevalence of O. viverrini was 21.11% [45,083/260,237; 95% confidence interval (Cl): 17.74-24.47%].
Pooled prevalence estimates were highly observed in Laos (34.06%, 95% CI: 26.85-41.26%), followed by Thailand
(18.19%, 95% CI: 13.86-22.51%), and Cambodia (10.48%, 95% Cl: 5.52-15.45%). Myanmar and Vietnam had limited
data sources for calculation. Clonorchis sinensis infection in GMS was 25.33% (95% C/: 18.32-32.34%)), with Guangxi,
China, exhibiting the highest prevalence rates at 26.89% (95% Cl: 18.34-35.43%), while Vietnam had a prevalence rate
of 20.30% (95% CI: 9.13-31.47%). O. viverrini prevalence decreased significantly over time, whereas C. sinensis infection
appeared to be stable consistently over time in both China and Vietnam.

Conclusions This comprehensive study, drawing from the largest datasets to date, offers an in-depth systematic
prevalence review of human liver flukes in the Greater Mekong Subregion. It underscores the imperative for system-
atic surveillance, data collection, and the implementation of intervention and control measures for these infectious
diseases of poverty.
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Background

Foodborne trematodiases caused by human liver fluke
infections, Opisthorchis viverrini and Clonorchis sinensis,
represent major neglected tropical diseases (NTDs) in
the Great Mekong Subregion (GMS), with 15-18 million
reported infections [1, 2]. O. viverrini is endemic in Thai-
land, Lao People’s Democratic Republic (Lao PDR), Cam-
bodia, the central and southern parts of Vietnam, and
Myanmar, while C. sinensis is endemic in northern Viet-
nam and the Guangxi-Zhuang Autonomous Region of
China. These liver fluke infections are associated with var-
ious hepatobiliary morbidities and mortalities, including
cholangitis, gallstones, periductal fibrosis, and cholangio-
carcinoma (CCA), a fatal bile duct cancer [3]. Both human
epidemiological studies and experimental evidence impli-
cate liver fluke infections in the development of CCA [3,
4]. Notably, both O. viverrini and C. sinensis are classified
as Group 1 Biological Carcinogens by the World Health
Organization International Agency for Research on Can-
cer [4]. Thailand has reported the highest incidence of this
bile duct cancer globally [5]. CCA imposes a substantial
disease burden in Thailand and the GMS. Phoncharoen
et al. (2018) reported a high disability-adjusted life years
(DALYs) for CCA attributable to liver fluke infection,
ranging between 70,745 and 138,221 [6].

Liver fluke infections not only cause diseases but also
contribute to the socioeconomic burden of affected indi-
viduals and households due to the loss of family heads
and the costs associated with treatment or surgery [7].
The burden of disease is closely tied to the prevalence of
liver fluke infections. However, these infections remain
underreported in many GMS countries, particularly in
Cambodia, Myanmar, and even in China [2]. Despite
various reports on the prevalence of O. viverrini and C.
sinensis in the GMS over past decades, there has been
a lack of a comprehensive and systematic consolidation
of this data. This gap hinders a full understanding of the
current prevalence and trends of these significant yet
neglected foodborne trematodiases. Consequently, we
conducted an in-depth systematic review and meta-anal-
ysis of the prevalence of O. viverrini and C. sinensis in all
GMS countries, including Thailand, Lao PDR, Cambodia,
Myanmar, Vietnam, and Guangxi Zhuang Autonomous
Region and Yunnan Province of China, over time. Our
aim is to understand the time trend of prevalence in each
GMS country over the past three decades. These data will
provide critical updates on the disease burden of human
liver flukes in the GMS, and the information may prove

useful for prioritizing and adjusting public health inter-
ventions for better disease management in the GMS.

Methods

Protocol and registration

This study followed the Preferred Reporting Items for
Systematic review and Meta-Analyses guidelines [8]. The
review was registered at the International Prospective Reg-
ister of Systematic Reviews website (CRD42023397229).

Definitions

GMS is a trans-national region of the Mekong River basin
in Southeast Asia. It comprise the six Asian countries
of Lao PDR, Myanmar (Burma), Cambodia, Thailand,
Vietnam, and China (Yunnan Province and the Guangxi
Zhuang Autonomous Region) [9].

Review question

The review question followed the Condition, Context,
Population (CoCoPop) approach [10]. The approach
considers the following components: Co (Condition): the
presence of human liver flukes (O. viverrini and C. sin-
ensis). Co (Context): Studies conducted within the GMS
[Cambodia, Lao People’s Democratic Republic (Lao
PDR), Myanmar, Thailand, Vietnam, and the People’s
Republic of China, specifically Yunnan Province and
Guangxi Zhuang Autonomous Region] [2], encompass-
ing various settings such as rural communities, hospitals,
or other relevant environments where O. viverrini and C.
sinensis infections were examined. The review question
of this study was “What is the prevalence estimate of O.
viverrini and C. sinensis infection in the GMS?

Search strategy

For this systematic review and meta-analysis, we con-
ducted a comprehensive search for epidemiological stud-
ies across five biomedical databases: PubMed, EMBASE,
Scopus, Cochrane and Thai Journal Online, spanning
from all relevant records published up to February 9,
2023. Additional information, when necessary, will be
sought by contacting the authors of relevant studies. The
search employed the following terms: (("liver fluke" OR
"Opisthorchis viverrini" OR "opisthorchiasis” OR "Clonor-
chis sinensis" OR "clonorchiasis”") AND ("prevalence” OR
"epidemiology” OR "incidence" OR "survey")), with no
language restrictions. The search strategy was tailored for
each database to ensure inclusivity (see Additional file 1:
Table S1 for detailed strategies).
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Eligibility criteria and study selection

The inclusion criteria comprised cross-sectional studies,
interventional studies, and surveys identifying O. viverrini
or C. sinensis among humans in the GMS. Exclusion crite-
ria were applied to studies with insufficient data for extrac-
tion, meeting any of the following conditions: research
without full-text access, reviews, systematic reviews,
In vitro studies, conference proceedings, case—control
studies, overlapped datasets with other publications, stud-
ies conducted in other GMS regions or countries, sample
size less than 30 individuals, case reports or series, letters,
commentaries. To ensure the reliability and methodologi-
cal rigor required of the meta-analysis, a minimum sample
size criterion of 30+individuals was guided by methodo-
logical considerations aimed at minimizing between-study
heterogeneity as suggested previously [11]. Studies with
fewer than 30 participants can disproportionately influ-
ence meta-analysis outcomes due to their inherent vari-
ability and potential biases (small-study effect).

Articles were imported into Rayyan Qatar Computing
Research Institute (QCRI) [12] from the databases, and
duplicates were removed during the initial screening.
Two researchers (PS and MA) independently reviewed
titles and abstracts based on eligibility criteria. The elec-
tronic search generated titles and abstracts were the first
to be checked. After reviewing full texts, studies not
meeting inclusion requirements were excluded, with
reasons documented. Disagreements between reviewers
were resolved through consultation with a third reviewer
(MK or BS).

Data extraction

The data extraction process encompassed information
on the first author, study procedures (design, sites, popu-
lation characteristics, year of data collection, diagnos-
tic tests utilized), and outcomes (number of cases, total
population) (Additional files 2 and 3). Study sites referred
to the countries and provinces where the research was
conducted. The population studied was categorized into
demographic subgroups, including children (aged 1 to
17), adults (aged 18 and older), and individuals of all ages
across various populations.

Studies covering multiple locations, collecting data in
different years, or examining diverse population groups
often provided multiple prevalence estimates. In such
cases, we considered all relevant estimates for analysis.
When studies reported prevalence based on different
diagnostic tests, and total positivity was indicated, we
prioritized this value. Common tests such as formalin-
ether concentration technique (FECT) or Kato-Katz
were used when applicable. In instances where this was

Page 3 of 15

not explicitly stated, data corresponding to the diagnos-
tic approach with the highest recorded prevalence were
selected.

Data extraction was carried out independently by two
investigators (PS, MA) using a standardized form in
Microsoft Excel spreadsheets (Microsoft Corporation,
Redmond, USA). Discrepancies between investigators
were resolved through discussion among PS, MA, BS,
and MK.

Risk of bias and quality assessment

The risk of bias in the selected studies was evaluated uti-
lizing the Joanna Briggs Institute (JBI) Critical Appraisal
Tools designed for cross-sectional, case—control, cohort,
and randomized controlled studies [10]. These tools com-
prehensively assess studies across nine categories. In
adherence to the guidelines outlined for these tools, each
study underwent classification based on its risk of bias,
categorized as low (score: 7-9/9), moderate (4—6/9), or
high risk of bias (3/9). Risk of bias was carried out inde-
pendently by two investigators (PS, MA). Discrepancies
between investigators were resolved through discussion
with another investigator (MK).

Data analysis

The data underwent analysis using the R software (ver-
sion 4.3.1, R foundation for Statistical Computing,
Vienna, Austria) with the Meta package [13]. To estimate
the prevalence of O. viverrini and C. sinensis infection in
each study, the number of test-positive cases was divided
by the study population. A logit transformation of pro-
portional data was performed following the methodol-
ogy outlined by Lipsey and Wilson (2001) [14]. Utilizing
a meta-analysis technique and a random-effects model
with 95% confidence intervals, pooled estimates of the
prevalence of O. viverrini and C. sinensis were derived
[15]. The Q statistic [16] was employed to assess the het-
erogeneity of prevalence estimates among studies, and
the I Index [17] quantified this heterogeneity. Subgroup
analyses were conducted on the research data to explore
potential sources of heterogeneity, examining age groups,
diagnostic methodologies, collection periods, and geo-
graphical regions.

Pooled prevalence estimates for individual infection in
humans were obtained from relevant data from at least
two studies, enhancing the robustness of the findings.
Subgroup analyses for O. viverrini and C. sinensis were
conducted for each country and time period to deter-
mine the prevalence of each liver fluke. Additionally, a
meta-regression analysis was performed to elucidate
trends in O. viverrini and C. sinensis infections in humans
over time.



Sota et al. Infectious Diseases of Poverty (2024) 13:33

To visually represent estimates of O. viverrini and C.
sinensis infection prevalence at the country level, data
were imported into ArcGIS Pro 2.8.0 (ESRI, Redlands,
CA, US) to generate maps.

Publication bias

Funnel plot analysis was employed to visually assess sym-
metry in the funnel plots among patients with O. viver-
rini and C. sinensis infection. Asymmetry was rigorously
evaluated using Egger’s approach, where a P-value <0.05
indicated significant publication bias [18].

Results

Quality assessment

In assessing the risk of bias in studies related to O. viver-
rini infections, the appraisal revealed that the majority of
studies (93.60%, n=117) exhibited low or moderate risk
of bias (Figure S1, Tables S2 in Additional file 1). Like-
wise, in the study of C. sinensis infection, most studies
(96.15%, n=25) demonstrated low or moderate risk of
bias (Figure S2, Table S3 in Additional file 1). These find-
ings underscore the overall standardized methodological
quality of the studies included in the systematic review.

Publication bias

Upon visual inspection of the funnel plot for the preva-
lence estimate of O. viverrini infection, an asymmetry is
evident, suggesting a potential publication bias. It appears
that smaller studies, potentially yielding more positive
outcomes, are published more frequently, as observed
with a cluster of studies in the upper left of the plot (see
Additional file 1: Figure S3). To validate this visual assess-
ment, we conducted an Egger’s test, providing a statistical
measure of the funnel plot’s asymmetry. The Egger’s test
revealed significant small-study effects (P-value=0.001),
indicating the presence of publication bias.

Similarly, the funnel plot for the prevalence estimate of
C. sinensis infection also displayed potential asymmetry,
indicating the presence of publication bias. This was par-
ticularly noted by the scarcity of studies with high stand-
ard errors and low proportion estimates in the upper left
of the plot (see Additional file 1: Figure S4). To quantify
this potential bias, we performed an Egger’s test, which
confirmed statistical significance (P-value=0.006). These
observations collectively suggest that publication bias
may have influenced the results, potentially leading to an
underestimation of the prevalence estimates for O. viver-
rini and C. sinensis infections in the GMS.

Search results
Our electronic database search yielded a total of 2997
articles. After removing 675 duplicates, we screened
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2323 studies based on titles and abstracts. Subse-
quently, 340 studies were retained for further review,
involving the removal of duplicate articles and a criti-
cal appraisal of titles and abstracts. Following the appli-
cation of eligibility criteria, 155 articles comprising
218 datasets were deemed suitable for inclusion in the
quantitative synthesis (Fig. 1).

Study characteristics

The datasets encompassed 751,108 participants from
six countries, including Thailand, Lao PDR, Cambo-
dia, Vietnam, Myanmar, and China (Guangxi) (Table 1).
Opisthorchis viverrini datasets were derived from 186
studies (Additional file 2), while C. sinensis datasets
were sourced from 32 studies (Additional file 3). Stud-
ies on O. viverrini were conducted primarily in Thai-
land (89 studies, 47.85%), Lao PDR (55 studies, 29.57%),
Cambodia (34 studies, 18.28%), Vietnam (6 studies,
3.23%), and Myanmar (2 studies, 1.07%). The majority
of C. sinensis studies (24 studies, 75%) were carried out
in Guangxi, China, with Vietnam hosting the remaining
25% (8 studies).

Prevalence of Opisthorchis viverrini and Clonorchis sinensis
in the GMS

In total, 45,083 individuals out of a general population of
260,237 tested positive for O. viverrini, yielding a pooled
prevalence of 21.11% (95% CI 17.74-24.47%). Nota-
bly, there was significant heterogeneity among studies
(?=99.80%, P-value<0.001). The highest pooled preva-
lence estimates were observed in Lao PDR (34.06%, 95%
CL: 26.85-41.26%), Thailand (18.19%, 95% CI: 13.86—
22.51%), Vietnam (11.75%, 95% CI: 1.25-22.24%), and
Cambodia (10.48%, 95% CI: 5.52-15.45%), while Myan-
mar exhibited the lowest prevalence at 2.66% (95% CI:
0.00-6.83%) (Table 1, Fig. 2).

Regarding Clonorchis sinensis infection in the GMS,
the overall prevalence is 25.33% (95% CI: 18.32—32.34%).
Guangxi, China, recorded the highest prevalence rates
at 26.89% (95% CI: 18.34—35.43%), whereas Vietnam had
lower prevalence rates at 20.30% (95% CI: 9.13-31.47%)
(Table 1, Fig. 2).

The subgroup analysis, based on different GMS coun-
tries, is depicted in Figs. 3 and 4, showing trends simi-
lar to the pooled prevalence as presented in Table 1.
The prevalence of O. viverrini infection was highest
in Lao PDR (21.56%, 95% CI: 13.37-32.87%), followed
by Thailand (10.38%, 95% CI: 7.40-14.39%), Vietnam
(6.17%, 95% CI: 1.77-19.34%), Cambodia (2.36%, 95% CI:
0.96-5.64%), and Myanmar (1.81%, 95% CI: 0.45-7.02%)
(Fig. 3). The subgroup analysis of C. sinensis infection
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Fig. 1 PRISMA flowchart of the available published documents for the prevalence of Opisthorchis viverrini and Clonorchis sinensis in the GMS

Prevalence of Opisthorchis viverrini infection over time

in the GMS

According to the study population in the GMS, 35
datasets were conducted in children, 90 datasets were

revealed prevalence rates ranging between 15.53% and
21.69%. After Guangxi, China (21.69%, 95% CI: 14.75-
30.71%), Vietnam (15.53%, 95% CI: 7.29-30.08%) exhib-
ited the second-highest pooled prevalence (Fig. 4).
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Table 1 The prevalence of Opisthorchis viverrini and Clonorchis sinensis in the Greater Mekong subregion

Country (number of datasets available Number of people Number of test Pooled prevalence, % (95% CI) P

for a particular country) screened (total) positive people

Opisthorchis viverrini (186) 260,237 45,083 21.11 (17.74-24.47) 99.8%
Thailand (89) 169,577 29,182 18.19 (13.86-22.51) 99.9%
Laos (55) 54,457 12,870 34.06 (26.85-41.26) 99.9%
Cambodia (34) 24,927 2468 1048 (5.52-15.45) 99.1%
Vietnam (6) 8855 531 11.75 (1.25-22.24) 99.2%
Myanmar (2) 2421 32 2.66 (0.00-6.83) 92.7%

Clonorechis sinensis (32) 490,871 53,128 25.33(18.32-32.34) 99.8%
China-Guangxi (24) 484,578 52,092 26.89 (18.34-35.43) 99.8%
Vietnam (8) 6293 1036 20.30(9.13-3147) 99.1%
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Fig. 2 Map depicting the estimated prevalence of Opisthorchis viverrini and Clonorchis sinensis in the GMS. Map approval No.: GS (2024) 1295

examined in both children and adults across all age
groups, and 61 studies were conducted in adults. Sub-
group analyses revealed that the O. viverrini infection rate
was 2.87% (95% CI: 1.44-5.64%) among children, 14.84%
(95% CI: 9.81-21.82%) across all age categories, and
10.98% (95% CI: 7.49-15.80%) among adults (Table 2).

An additional subgroup analysis was performed to
examine the temporal pattern of O. viverrini infec-
tion, focusing on the timeframe of sample collection.
Based on the period of collecting the samples, the sub-
group analysis showed that the overall prevalence rates
of O. viverrini infection in the GMS were 29.27% (95%

CIL: 16.94-45.63%), 4.32% (95% CI: 2.10-8.70%), 10.69%
(95% CI: 7.72-14.64%), and 1.86% (95% CI: 0.62—5.48%)
for studies released before the year 2000, between 2000
and 2009, between 2010 and 2019, and from 2020 to the
present, respectively (Table 2). Random-effects meta-
regression analysis revealed a significant substantial
declining trend in prevalence with the collection period
(P-value<0.0001) (Fig. 5). It’'s important to note that
Vietnam and Myanmar had limited access data for such
analysis (6 for Vietnam and 2 for Myanmar), and there-
fore, subgroup analysis and meta-regression were omit-
ted to avoid excessive estimated errors.
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Fig. 3 Forest plot of subgroup analysis with country segregation to examine opisthorchiasis in GMS
Subgroup Proportion 95% CI
China-Guangxi
Random effects model —a— 21.69 [14.75-30.71]
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Vietnam
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Fig. 4 Forest plot of subgroup analysis with country segregation to examine clonorchiasis in GMS

Prevalence of Opisthorchis viverrini Infection in different sedimentation, flotation methods, Stoll's dilution egg
diagnostic methods count, and/or molecular techniques (44 datasets). These
Various diagnostic techniques were employed for diagnostic methods were further divided into four col-
opisthorchiasis diagnosis in the datasets, categorized into  lecting periods to illustrate the progression of diagnos-
three main groups: 1) the Kato-Katz method (90 datasets),  tic techniques over time, with prevalence estimates of O.
2) FECT (49 datasets), and 3) other techniques, including  viverrini infection in the GMS shown in Table 3.
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Table 2 Prevalence estimates of Opisthorchis viverrini and Clonorchis sinensis infection in the GMS, according to a priori-defined

subgroups and age group parameters

Variable: subgroup O. viverrini C. sinensis
Number Pooled prevalence, % (95% CI) P? Number Pooled prevalence, % P
datasets datasets (95% CI)
Age groups 99.5% 99.8%
Children 35 287 (144-5.64) * 99.7% - - -
Adult 61 10.98 (7.49-15.80) 98.6% 4 13.09 (3.78-36.58) 98.1%
All ages 90 14.84 (9.81-21.82) 99.2% 28 21.13(14.81-29.24) 99.8%
Collectionperiod 99.5% 99.8%
Before 2000 30 29.27 (16.94-45.63) * 99.6% 5 20.85 (8.19-43.77) 99.1%
2000-2009 49 4.32(2.10-8.70) 99.3% 9 13.00 (6.45-24.48) 99.6%
2010-2019 103 10.69 (7.72-14.64) 99.4% 17 25.58(16.90-36.73) 99.8%
2020-present 4 1.86 (0.62-5.48) 83.8% - - -

" Subgroup was considered as statistically significant if the P value was < 0.0.5
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Fig. 5 Random-effects meta-regression analyses illustrating the prevalence trend of Opisthorchis viverrini infection in the general population

across different collection periods. The results reveal a statistically significant

In each period of data collection, subgroup analy-
sis revealed that the prevalence rates of diagnos-
tic methods before the year 2000 and between 2000
and 2009 did not differ significantly (P-value=0.65,
0.59, respectively). However, a significant difference
(P-value=0.0029) was observed among diagnostic
methods during 2010-2019. Specifically, subgroup

downward trend in prevalence within the GMS

analysis of diagnostic methods during 2010-2019
revealed pooled prevalence rates of 15.73% (95% CI:
10.49-22.92%) for Kato-Katz, 8.20% (95% CI: 4.90—
13.39%) for FECT, 2.58% (95% CI: 0.42-14.31%) for
a combination of FECT and Kato-Katz, and 2.23%
(95% CI: 0.66-7.29%) for other diagnostic methods,
respectively.



Sota et al. Infectious Diseases of Poverty (2024) 13:33

Page 9 of 15

Table 3 Prevalence estimates of Opisthorchis viverrini infection in the GMS, as determined by methods of diagnosis over time

Variable: subgroup O. viverrini

Number datasets Pooled prevalence, % (95% Cl) P
Diagnostic method used with 4 collection periods
Before 2000 99.9%
Kato Katz 8 32.83(12.23-63.15) 99.5%
FECT 7 2045 (8.41-41.84) 98.6%
Others 15 32.37 (13.45-59.59) 99.7%
2000-2009 99.7%
Kato Katz 23 4.98(4.88-5.03) 99.3%
FECT 4 6.31(1.85-19.40) 99.4%
Others 22 3.28(1.37-7.66) 98.7%
2010-2019* 99.7%
Kato Katz 59 15.73 (1049-22.92) * 99.5%
FECT 34 8.20 (4.90-13.39) 99.3%
FECT and/or Kato-Katz 3 2.58(0.42-14.31) 97.6%
Others 7 2.23(0.66-7.29) 97.2%
2020-present 87.9%
FECT 4 2.58(0.09-5.07) 87.9%

" Subgroup was considered as statistically significant if the P-value was <0.0.5

Prevalence of Clonorchis sinensis infection over time

in the GMS

Subgroup analysis of C. sinensis infection in the GMS,
specifically in Vietnam and China (Guangxi), was con-
ducted based on age groups and data collection periods.
For age group analysis, the pooled prevalence was found

to be 13.09% (95% CI: 3.78-36.58%) in adults and 21.13%
(95% CI: 14.81-29.24%) for all age groups. Regarding the
collection periods, the subgroup analysis revealed preva-
lence rates of 20.85% (95% CI: 8.19-43.77%), 13.00% (95%
CI: 6.45-24.48%), and 25.58% (95% CI: 16.90—36.73%) for
studies conducted before the year 2000, between 2000

IS o
@
= o 8
O w
Lﬁ o = O O O 8
L OO O
- o) © 050
o @%O 80
5. o
I I 1 1 1 1
1980 1990 2000 2010 2020

Collection Year
Fig. 6 Random-effects meta-regression analysis of Clonorchis sinensis infection prevalence in the general population across collection periods

showed a statistically non-significant constant trend in the GMS
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and 2009, and from 2010 to 2019, respectively (Table 2).
However, the differences between collection periods were
not statistically significant (P-value=0.08). A random-
effects meta-regression analysis further revealed a non-
significant constant trend in the prevalence rates across
collection periods (P-value=0.93) (Fig. 6).

Prevalence of Opisthorchis viverrini infection in Thailand

In Thailand, 89 out of 186 research studies reported the
prevalence of O. viverrini infection, involving a total
study population of 169,577 (Table 1). The pooled preva-
lence of infection among Thais was found to be 18.19%
(95% CI: 13.86 to 22.59%) (Table 1). Significant hetero-
geneity between studies was observed, with population
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type, collection period, and region serving as significant
covariates.

The infection prevalence was substantially greater
across all age groups at 14.84% (95% CI: 8.63—24.32%)
compared to adults (9.29%, 95% CI: 6.32-13.46%) and
children (1.22%, 95% CI: 0.33-4.43%), indicating a
significant difference (P-value=0.002). The trend of
O. viverrini infection in Thailand showed a decline
over time, being significantly higher before the year
2000 at 40.86% (95% CI: 21.50-63.54%) compared to
1.13% (95% CI: 0.37-3.37%) two decades later from
2020 to the present. Furthermore, over the more than
two decades of data collection in Thailand, random-
effects meta-regression analysis revealed a significant

Table 4 Prevalence estimates of Opisthorchis viverrini infection in Thailand, Lao PDR, and Cambodia, according to a priori-defined
subgroups and age group parameters

Variable: subgroup Thailand Lao PDR Cambodia
Number Pooled prevalence, P Number Pooled prevalence, P Number Pooled prevalence, P
datasets % (95% Cl) datasets % (95% Cl) datasets % (95% Cl)
Age groups
Children 5 1.22(033-443)* 952% 22 4.66 (2.04-10.29) * 98.9% 8 1.05 (0.18-5.88) 97.2%
Adult 44 9.29 (6.32-13.46) 993% 8 4047 (19.14-66.17) 99.1% 9 5.58(1.29-21.11) 97.4%
All ages 40 14.84 (8.63-24.32) 99.7% 25 48.24 (35.28-61.44) 99.0% 17 2.29(0.63-8.02) 99.1%
Collection period
Before 2000 16 40.86 (21.50-63.54)*  99.8% 6 54.94 (41.00-68.17)* 954% 4 514 (2.16-11.78) * 98.5%
2000-2009 10 13.97 (9.54-20.00) 99.0% 26 7.96 (3.35-17.75) 99.5% 17 0.17(0.01-2.72) 98.6%
2010-2019 60 7.08 (4.92-10.08) 993% 23 40.18 (26.41-55.71) 99.0% 13 6.19 (2.65-13.76) 97.2%
2020-present 3 1.13(0.37-3.37) 67.8% - - - - - -
Region (Thailand)
Northeast 65 13.66 (9.44-19.36) * 99.5%
North 13 553(2.57-11.51) 98.9%
Others 8 3.69 (0.76-16.07) 99.1%
countrywide 3 4.64 (2.42-8.69) 99.7%
Provinces (Lao PDR)
Saravane 5 62.53 (35.79-83.32)*  99.6%
Khammouane 6 46.82 (38.18-55.65) 97.4%
Champasack 13 4552 (24.42-68.36) 99.3%
Savannakhet 4 30.38 (23.7-37.90) 84.7%
Vientiane 9 30.54 (14.87-52.53) 99.0%
Luang Prabang 3 830 (2.62-23.35) 98.3%
Mixed 4 12,93 (2.31-48.28) 99.7%
Others 11 1.53(043-5.23) 98.2%
Provinces (Cambodia)
Kampong Cham 3 2695 (16.42-40.94) *  96.1%
Kratie 6 2.96 (0.71-11.46) 98.7%
Takeo 5 0.69 (0.03-15.44) 98.1%
Mixed 3 7.61(2.17-2342) 98.0%
Others 17 1.29(0.29-5.48) 97.6%

The blank means those countries were not fit to specific subgroup which is unige in each country such as province name

* Subgroup was considered as statistically significant if the P-value was < 0.05. - Not applicable
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downward trend in prevalence (P-value=0.0001)
(Additional file 1: Figure S5).

In regions where sufficient data allowed for the evalua-
tion of study region as a covariate, the O. viverrini infec-
tion prevalence was significantly higher in the Northeast
(13.66%, 95% CI. 9.44-19.36%) and the North (5.53%,
95% CI. 2.57-11.51%, P-value=0.007) compared to other
regions of Thailand (Table 4).

Prevalence of Opisthorchis viverrini Infection in Lao PDR

In Lao PDR, 55 studies involving a total of 54,457 partici-
pants reported a pooled O. viverrini infection prevalence
of 34.06% (95% CI: 26.85-41.26%) (Table 1). Table 4 dis-
plays the prevalence of infection with significantly high
heterogeneity (I?=99.9%, P-value<0.0001). Population
type, collection period, and province served as significant
variables contributing to the significant heterogeneity
among studies.

High infection prevalence was observed across all age
groups, at 48.24% (95% CI. 35.28-61.44%), compared
to adults (40.47%, 95% CI: 19.14—66.17%) and children
(4.66%, 95% CI: 2.04—10.29%) (Table 4, P-value <0.0001).
Before the year 2000 through 2019 in Lao PDR, a ran-
dom-effects meta-regression revealed a non-significant
upward trend in prevalence (P-value=0.27) (Additional
file 1: Figure S6). Among the periods of data collec-
tion, opisthorchiasis prevalence was significantly higher
before the year 2000 at 54.94% (95% CI: 41.00—68.17%)
and remained high at 40.18% (95% CI. 26.41-55.71%)
in the later two decades, except for the period between
2000 and 2009 when the prevalence decreased to 7.96%
(95% CI: 3.35-17.75%). Only one study on O. viverrini
prevalence from 2020 to the present was available, and it
remained high at 51.04% (95% CI: 48.04—54.05%).

For the endemic locations with provided data, three
provinces exhibited considerably higher prevalence than
others, namely, Saravane (62.53%, 95% CI: 35.79-83.32%),
Khammouane (46.82%, 95% CI. 38.18-55.65%), and
Champasack (45.52%, 95% CI: 24.42-68.36%) (Table 4).

Prevalence of Opisthorchis viverrini Infection in Cambodia
Out of 186 articles published on O. viverrini infection
prevalence, a total of 34, with a population of 24,927,
were recruited from Cambodia. The prevalence of O.
viverrini infection in Cambodia was 10.48% (95% CI:
5.52-15.45%) (Table 1). Significant variation in preva-
lence was observed among studies, including collecting
period and province, but not among age groups (Table 4).
Prevalence was slightly higher among adults (5.58%,
95% CI: 1.29-21.11%) compared to all ages (2.29%, 95%
CL 0.63-8.02%) and children (1.05%, 95% CI. 0.18-
5.88%), but the difference was not statistically significant
(P-value=0.60) (Table 4).
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Regarding the time period, opisthorchiasis prevalence
was reported to be low prior to the year 2000 at 5.14%
(95% CI: 2.16-11.78%) and slightly increased to 6.19%
(95% CI 2.65-13.76%) between 2010 and 2019, with
a substantial reduction to 0.17% (95% CI. 0.01-2.72%)
between 2000 and 2009. Random-effects meta-regression
analysis revealed a non-significant increasing trend in
the collecting period of prevalence rates (P-value=0.12)
(Additional file 1: Figure S7). Although inadequate data
were available to explore all provinces, one province
named Kampong Cham had the highest prevalence
(26.95%, 95% CI: 16.42-40.94%), while Kratie and Takeo
had the lowest (2.96%, 95% CI: 0.71-11.46% and 0.69%,
95% CI: 0.03-15.44%, respectively) (Table 4).

Prevalence of Clonorchis sinensis Infection in Guangxi,
China

Using random-effects analysis, the pooled prevalence
estimate of C. sinensis infection in Guangxi, China, was
determined to be 26.89% (95% CI: 18.34—35.43%) with
considerable heterogeneity (I?=99.8%, P-value=0.001).
The study by Hong et al. (2001) identified the high-
est proportion of C. sinensis infection (69.00%, 95% CI:
58.97-77.87%) [19]. Since the demographic datasets did
not include age information, subgroup analysis based on
age was not performed.

For the time period subgroup analysis, prevalence
rates of 42.10% (95% CI: 13.55-77.13%), 12.72% (95% CI:
6.75-22.69%), and 25.42% (95% CI: 15.99-37.90%) were
observed for data collected before the year 2000, between
2000 and 2009, and from 2010 to 2019, respectively
(Table 5). There was no significant difference among the
periods of data collection. However, a slightly decreas-
ing trend in the prevalence rates of C. sinensis over the
collection periods was observed through random-effects
meta-regression analysis (P-value=0.46) (Additional
file 1: Figure S8).

Prevalence of Clonorchis sinensis infection in Vietnam
In Vietnam, a total of 1036 individuals from a population
of 6293 tested positive for C. sinensis infection, indicat-
ing a pooled prevalence of 20.30% (95% CI: 9.13—-31.47%).
Subgroup analysis based on the collection time revealed
prevalence rates of 11.85% (95% CI: 5.23-24.66%), 12.82%
(95% CI. 1.85-53.35%), and 26.88% (95% CI. 13.47-
46.47%) for studies collected before 2000, between 2000
and 2009, and from 2010 to 2019, respectively (Table 5).
A non-significant, upward trend in prevalence rates over
time was detected using random-effects meta-regression
analysis (P-value =0.31) (Additional file 1: Figure S9).
While the difference between demographic groups
was not statistically significant (P-value=0.68), it was
observed to be higher among all ages (17.88%, 95% CI:
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Table 5 Prevalence estimates of Clonorchis sinensis infection in Guangxi, China, and Vietnam, according to a priori-defined subgroups

and demographic parameters

Variable: subgroup Guangxi, China Vietnam
Number Pooled prevalence, % P? Number Pooled prevalence, % P
datasets (95% CI) datasets (95% CI)
Age groups
Children - - - - -
Adult - - - 4 13.09 (3.78-36.58) 98.1%
All ages - - - 4 17.88 (6.89-39.05) 99.0%
Collection period
Before 2000 42.10(13.55-77.13) 99.0% 3 11.85 (5.23-24.66) 99.3%
2000-2009 6 12.72 (6.75-22.69) 99.8% 3 12.82 (1.85-53.35) 94.5%
2010-2019 15 25.42 (15.99-37.90) 99.9% 2 26.88 (13.47-46.47) 98.7%

2020-present - -

" Subgroup was considered as statistically significant if the P-value was < 0.05. -: Not applicable

6.89-39.05%) than among adults (13.09%, 95% CI: 3.78—
36.58%) (Table 5).

Discussion
Opisthorchiasis and clonorchiasis are major neglected
tropical diseases associated with poverty, representing
significant yet overlooked foodborne trematodiases in
the GMS [2]. These liver fluke diseases not only qualify
as helminthic infectious diseases but also as carcinogenic
parasites, posing a substantial risk of cancer with ele-
vated mortality rates in this region [2, 20, 21]. Khon Kaen
Province in Northeast Thailand has reported the high-
est incidence of cholangiocarcinoma in the world [3, 5].
Individuals afflicted with liver fluke diseases not only face
health challenges but also bear the brunt of socioeconomic
losses that exacerbate their existing poverty [7]. How-
ever, the evolving burden of these infections in the GMS
remains unknown. In this study, we present, for the first
time, a systematic review and meta-analysis aiming to elu-
cidate the pooled prevalence estimates and time trends of
O. viverrini and C. sinensis infections in the GMS.
Opisthorchiasis, attributed to O. viverrini, has been
recognized as endemic in Thailand for over a century
[22, 23]. Subsequently, there have been substantial
reports of opisthorchiasis in the neighboring Mekong
countries. This systematic review includes informa-
tion from at least 186 eligible original articles, provid-
ing insights into the prevalence of O. viverrini infection
in the GMS, specifically Thailand, Lao PDR, Cambodia,
Vietnam, and Myanmar. The overall pooled prevalence
of O. viverrini infection in the GMS is considerable,
with a rate of 21.1%, though its distribution among the
countries is uneven. Lao PDR exhibited the highest
prevalence (34.1%), followed by Thailand (18.2%), Viet-
nam (11.8%), Cambodia (10.5%), and Myanmar (2.7%).

The latter three countries showed high heterogeneity in
prevalence, as indicated by the marked 95% confidence
interval, similar to clonorchiasis in Guangxi, China, and
Vietnam (Table 1). The observed differences in preva-
lence may be attributed to several factors, including
insufficient survey coverage and/or the use of differ-
ent diagnostic tests [24]. Low screening coverage, both
geographically and in the number of cases examined,
can be found in datasets from Vietnam, Myanmar, and
Cambodia. The asymmetry of the funnel plots for both
opisthorchiasis and clonorchiasis in our study clearly
supports this conclusion.

For the diagnostic methods of opisthorchiasis and clo-
norchiasis, Kato-Katz was commonly employed, as indi-
cated by the datasets presented in this systematic review
(Table 3). Overall, different diagnostic methods showed
no obvious effect on the pooled prevalence. The diagnos-
tic sensitivity of Kato-Katz is generally lower than that
of FECT, particularly in cases of light infections [25-27].
However, comparable or even higher sensitivity has been
reported [28—30]. The higher prevalence of opisthor-
chiasis with Kato-Katz over other methods (FECT and
others) in this review during the years 2010 to 2019 is
likely attributed to the datasets recruited from different
geographical locations rather than the diagnostic meth-
ods. Specifically, Kato-Katz was a commonly used tech-
nique in Lao PDR, where over 63.2% (5622 out of 8890)
of opisthorchiasis cases were reported. Moreover, most
of the cases were from high-endemic provinces, includ-
ing Saravane, Champasak, and Khammouane (Table 4)
[31, 32]. In contrast, FECT, which was mostly employed in
Thailand (25 of 34 datasets), reported a prevalence of 7.1%
for O. viverrini infection during the same period (Table 4).
These differences can cause misinterpretation if not con-
sidered. However, it’s important to note that all reported
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prevalences of opisthorchiasis or even clonorchiasis by
stool examination may be underestimated, given that no
eggs were found when the worm burden is less than 20 or
approximately 1000 eggs per gram [26, 33].

The prevalence of opisthorchiasis exhibited a dis-
tinct time trend, with noticeably higher prevalence
evident in datasets collected before the year 2000
compared to those gathered thereafter (Table 2). The
significant decline in opisthorchiasis prevalence in
Thailand (40.9%, 14%, 7%, and 1% before the year 2000,
2000-2009, 2010-2019, and 2020—present, respec-
tively) (Table 4) may reflect the impact of continuous
opisthorchiasis integrated control programs. These
programs include nationwide surveillance conducted
every 5 years up to the present [2, 34—36]. Moreover,
the striking decline in the overall pooled prevalence of
opisthorchiasis from 29.3% to 4.3% during the period
from 2000 to 2009 (Table 2) may be attributed to the
reduction in prevalence observed in Lao PDR and
Cambodia (Table 4). This reduction can be linked to a
deworming campaign targeting Schistosoma mekongi,
soil-transmitted helminths (STH), and foodborne
trematodiases conducted in the late 1990s to the early
2000s in Lao PDR and Cambodia [37]. Consequently,
the prevalence of opisthorchiasis in these two coun-
tries was lower than in other periods of data collec-
tion. Furthermore, Cambodia implemented mass drug
administration (MDA) programs involving praziqu-
antel in combination with mebendazole annually from
2002 to 2004 [38, 39]. Following the conclusion of these
campaigns in both Lao PDR and Cambodia, the preva-
lence of opisthorchiasis rebounded to an even higher
rate than observed between the years 2000 and 2009,
as seen in Cambodia (Table 4). Therefore, while the
overall opisthorchiasis prevalence in the GMS showed
a downward trend over time (Fig. 5), there was an
upward trend in Lao PDR and Cambodia.

For clonorchiasis, observed only in Guangxi and the
northern parts of Vietnam, the prevalence and trend
remain consistently high throughout the data collection
periods. Similar to opisthorchiasis, the pooled prevalence
of clonorchiasis was higher in the years before 2000, but
it is not significantly different from the years thereafter
(Table 5). Several reports have documented an increase
in clonorchiasis prevalence since 1989 in Guangxi, China
[40, 41], particularly in Hengxian county, Nanning district
[42].Despite the Ministry of Health’s 2006—2015 National
Plan for the Prevention and Control of Key Parasitic Dis-
eases implementing mass and selective chemotherapy in
areas with prevalence rates of over 40% and between 10
and 40%, reinfection continued to occur [43]. In Nanning,
Guangxi, the incidence of reinfection can reach 64 per
100 person-years [43]. The main risk factors associated
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with sustained infection in Guangxi may be males, the
Zhuang ethnic minority, and eating behavior [44]. This is
evident as a maximum of 60.6% of people reported that
they intended to keep eating raw fish despite knowing the
risk of infection [45]. The high economic development
of China over the past decades has fostered the growth
of aquaculture, making it economically feasible for more
residents to consume freshwater fish dishes, a source of
C. sinensis metacercariae, which has become increasingly
popular in certain counties of Guangxi [40].

In Vietnam, the pooled prevalence of clonorchiasis
increased during the years 2010 to 2019, although it is not
significantly different from the earlier periods. This could
be attributed to more endemic foci being investigated in
the northern parts of the country over the past decades,
such as the Thac Ba lake region, Yen Bai, and Thanh Hoa
provinces, where the prevalence of C. sinensis infection is
high (40.4%) with prevalence at the commune level rang-
ing between 26.5% and 53.3% [46] The incidence rate of
fishborne trematode reinfection was as high as 21.4/100
person-years [47]. Major risk factors for infection include
the behavior of eating raw fish, low education level, lack
of treatment, and poor hygienic sanitation [46—48].

Nationwide intervention and mass drug administra-
tion are not practiced in both Vietnam and Guangxi,
China [40]. Therefore, a stably high prevalence of clon-
orchiasis persists in these countries. Addressing C. sinen-
sis infection in the GMS requires systematic surveillance
and intervention with a holistic approach to effectively
combat this parasite. Increased awareness campaigns
are needed to discourage the consumption of raw fish in
these areas and reduce the incidence of liver fluke infec-
tion [2, 41, 46, 48]

Based on our study’s findings, a significant implication is
the critical need for ongoing and enhanced public health
interventions in the GMS to manage liver fluke infections.
The comprehensive analysis of O. viverrini and C. sinensis
prevalence over time underscores the persistent and sub-
stantial burden these infections place on the region. The
data provided could be instrumental in guiding targeted
strategies for disease control, including improving diag-
nostic methods, raising awareness of infection risks, and
implementing effective treatment programs. These efforts
have the potential to reduce infection rates and associated
health burdens in the GMS.

The findings of the meta-analysis should be interpreted
with caution due to several limitations. A notable point is
the observed between-study heterogeneity in the preva-
lence estimates of O. viverrini and C. sinensis. This variation
was largely attributed to three covariates that assessed in
the subgroup analyses: geographical differences across the
GMS, which reflect varied environmental and socio-cul-
tural influences on infection rates; differences in diagnostic
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methods used for detecting these liver flukes, with differ-
ent techniques having varying sensitivities and specificities;
and the age range of participants, as age-specific factors like
susceptibility and exposure levels can significantly impact
prevalence. These factors collectively suggest that future
research should prioritize standardized diagnostic meth-
ods, cover a wider geographical scope, and include diverse
age groups to enhance the accuracy and generalizability of
prevalence estimates for O. viverrini and C. sinensis.

In addition, the results of our meta-analysis may be influ-
enced by publication bias, potentially leading to an underes-
timation of the true prevalence estimates for O. viverrini and
C. sinensis infections in the GMS. The asymmetrical distri-
bution observed in the funnel plots underscores the need
for caution when interpreting these findings and indicates
that more comprehensive research is necessary to accurately
assess the prevalence of both liver flukes in the GMS.

Conclusions

Opisthorchiasis and clonorchiasis stand out as major
neglected foodborne trematodiases in the GMS. Our sys-
tematic review involved a comprehensive search for pub-
lished articles, encompassing over 218 datasets and results
for 751,108 people in the GMS over the past decades. This
represents one of the most thorough assessments of the epi-
demiology of O. viverrini and C. sinensis. The prevalence of
O. viverrini in the GMS was notably high in Lao PDR, fol-
lowed by Thailand and Cambodia. Limited data sources
on opisthorchiasis in Myanmar and central and southern
Vietnam affected the precision of prevalence calculations.
C. sinensis infection was prominent in Guangxi, China,
and the northern parts of Vietnam. Over time, O. viver-
rini prevalence showed a significant decrease in the GMS,
while C. sinensis infection appeared to remain consistently
stable in both China and Vietnam. This study provides an
in-depth, systemic prevalence review of human liver flukes
in the GMS, highlighting the imperative need for systematic
surveillance, data collection, and targeted interventions in
the GMS, particularly focusing on regions like Cambodia,
Myanmar, Vietnam, and Guangxi in China. Strengthen-
ing these efforts is crucial for improving human health and
combating these persistent infections in the region.
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