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s u m m a r y

Objectives: Clonorchiasis is highly endemic in China. The unavailability of fine-scale distribution of popu-
lation with infection and at risk hinders the control.
Methods: This study established Bayesian geostatistical models to estimate age- and gender-specific pre-
valence of Clonorchis sinensis infection at high spatial resolution (5 × 5 km2), based on the surveillance data 
in China between 2016 and 2021, together with socioeconomic, environmental and behavioral determi-
nants. The population at risk and under infection, as well as chemotherapy need were then estimated.
Results: In 2020, population-weighted prevalence of 0.67% (95% Bayesian credible interval (BCI): 
0.58%−0.77%) was estimated for C. sinensis infection in China, corresponding to 9.46 million (95% BCI: 8.22 
million-10.88 million) persons under infection. High prevalence was demonstrated in southern areas, in-
cluding Guangxi (8.92%, 95% BCI: 7.10%−10.81%) and Guangdong (2.99%, 95% BCI: 2.43%−3.74%). A con-
servative estimation of 99.13 million (95% BCI: 88.61 million-114.40 million) people were at risk of infection, 
of which 51.69 million (95% BCI: 45.48 million-57.84 million) need chemotherapy.
Conclusions: Clonorchiasis is an important public health problem in China, especially in southern areas, due 
to the huge population at risk and large number of people under infection. Implementation of che-
motherapy is urged to control the morbidity.

© 2025 The Author(s). Published by Elsevier Ltd on behalf of The British Infection Association. This is an 
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction

Clonorchiasis, belonging to food-borne trematodiasis, is 
caused by the ingestion of raw freshwater fish containing the 

infective metacercariae of Clonorchis sinensis.1,2 Clonorchiasis 
causes diverse symptoms and morbidities, including gallstone, 
cholecystitis, and cholangitis.3–6 In particular, C. sinensis is a de-
finite carcinogen, leading to fatal cholangiocarcinoma.7 Clo-
norchiasis is endemic in eastern Asia, including China, South 
Korea, northern Vietnam and far east of Russia.8,9 Globally, a 
conservative estimation of 15 million persons are infected with C. 
sinensis.8 The estimated population under infection in China was 
about 5 million in 1988–1992, 13 million in 2001–2004 and 6 
million in 2014–2015, according to three national surveys.10 An 
estimation of 15 million in 2010 was also argued based on a 
geostatistical modeling study.11 The significant variation of 
number on the one hand is due to the change in prevalence, but on 
the other hand, it demonstrates the lack of high-quality and ac-
curate epidemiological data for clonorchiasis.
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World Health Organization (WHO) aims to intensify the global 
control of food-borne trematodiasis, including clonorchiasis, in the 
road map for controlling neglected tropical diseases (2021–2030).12 

Chemotherapy is the pillar for tackling clonorchiasis, because per-
sistent damage could be exerted by C. sinensis due to its long survival 
in human beings, usually over 20 years.12–14 However, the popula-
tion at risk in China and corresponding chemotherapy needs have 
not yet been illuminated, which hinders the implementation of 
precise intervention. 

Thus, accurate and fine-scale distributions are expected to be 
established for the population under infection as well as the popu-
lation at risk and corresponding chemotherapy needs of clonorch-
iasis. We integrated the updated surveillance data of clonorchiasis in 
China and socioeconomic, environmental and behavioral determi-
nants, and applied the geostatistical modeling technique to map the 
fine-scale infection distribution. Then, we estimated the number of 
population at risk and corresponding chemotherapy needs. 

Methods 

Study design 

This study first estimated the national fine-scale infection dis-
tribution for clonorchiasis in China, through the geostatistical 
modeling technique, which integrated the epidemiological data and 
socioeconomic, environmental and behavioral determinants. Based 
on the prevalence distribution, the population under infection was 
captured. The high-resolution prevalence distribution was further 
aggregated at the county level, which was used to identify number of 
counties in different prevalence levels. The population at risk was 
estimated in two scenarios (A and B), in which a prevalence 
threshold of 1% and 0.1% at county level were respectively adopted to 
separate out the endemic areas. Corresponding to the two scenarios, 
the population need for chemotherapy was modeled under two 
strategies (A and B). Correspondingly, the number of drugs needed 
was also estimated. 

Epidemiological data, and environmental, socioeconomic, and 
behavioral covariates 

Age- and gender-specific prevalence of C. sinensis infection at 
village/community level and the behavior of ingesting raw fresh-
water fish locally between 2016 and 2021 was retrieved from the 
National Institute of Parasitic Diseases, Chinese Center for Disease 
Control and Prevention (Chinese Center for Tropical Diseases 
Research). In each year, about 300 counties were surveyed. Each 
included county was divided into five parts based on its geography. 
One town was then sampled from each part and then one village/ 
community was sampled from each town. About 200 persons from 
each village/community were included as participants. One fresh 
fecal sample was collected from each participant and then examined 
for C. sinensis eggs by the Kato-Katz method.15 Two smears were 
prepared for each samples and the number of eggs was recorded 
quantitatively. The heads of the villages/communities were asked 
whether local persons having the behavior of ingesting raw fresh-
water fish. 

Environmental factors included land surface temperature (LST), 
normalized difference vegetation index (NDVI), land cover, elevation, 
precipitation, distance to water bodies, climate zones, soil moisture, 
soil types, soil pH, and soil erosion, while socioeconomic factors 
contained GDP, nighttime lights, human influence index (HII), urban 
extents, travel time to the nearest big city, and travel time to 
healthcare (Table S1). In addition, the probability of local practice of 
ingesting raw freshwater fish was considered as a behavior factor, 
which was estimated at a 5 × 5 km2 spatial resolution based on 

Bayesian geostatistical modeling of the survey data on heads of the 
villages/communities mentioned above (Method S1 and Fig. S1). 

The study was approved by the Ethical Review Committee in 
National Institute of Parasitic Diseases, Chinese Center for Disease 
Control and Prevention (Chinese Center for Tropical Diseases 
Research) (Reference No.: 2021006). 

Statistical analysis 

The participants in each village/community were divided into 
five age groups for both genders, namely 0–14, 15–29, 30–44, 45–59 
and over 60 years old. More on the data process and variable se-
lection procedure were shown in Method S2. 

Prevalence of C. sinensis infection was modeled using Bayesian 
geostatistical logistic regression, incorporating both the fixed effects 
of the predictors and spatial random effects (Method S3).16–18 A 
hurdle model was also employed to perform sensitivity analysis, as 
the observed data included a large number of zero results, referred 
as the zero-inflated issue (Method S4).19 The model with the lowest 
mean absolute error (MAE) from 5-fold cross-validation was selected 
as the optimal one. Besides MAE, other evaluation metrics, including 
mean error (ME), the proportion of Bayesian credible interval (BCI) 
covering observed values and corresponding width of BCI were 
calculated to comprehensively assess the model’s performance. This 
multi-metric approach ensured a thorough understanding of each 
model’s accuracy and reliability. The risk of C. sinensis infection was 
estimated on a regular grid covering 557 549 pixels across China, 
with a spatial resolution of 5 × 5 km2. The pixel-based age- and 
gender-specific risk maps were first established, and then, by pro-
jecting to the gridded population, the population-adjusted pre-
valence was estimated, either at pixel-level or aggregated 
administrative levels (e.g., county, provincial and national level). 

To estimate the need for chemotherapy, the prevalence was ca-
tegorized into five groups at the county level: ≥ 20%, 10%−20%, 
1%−10%, 0.1%−1%, and < 0.1%. The study defined endemic areas as 
locations where the prevalence of C. sinensis infection met specific 
thresholds. Two scenarios (A and B) were estimated with a pre-
valence threshold of 1% and 0.1%, respectively. Correspondingly, two 
chemotherapy strategies (A and B) were analyzed (Table S2). Mass 
chemotherapy once a year was modeled for prevalence ≥ 10% in both 
strategies, following the WHO recommendation.14 In areas with 
lower prevalence, selective chemotherapy was employed, namely 
selective chemotherapy targeting a prevalence of 1%−10% in Strategy 
A and a prevalence of 0.1%−10% in Strategy B. For selective che-
motherapy, the individual with the behavior of ingesting raw 
freshwater fish was targeted. The positive and negative predictive 
values (PPV and NPV) of the behavior for selecting individuals for 
chemotherapy in the group of 1%−10% were 87.30% and 29.76%, 
while that in the group of 0.1%−1% were 23.81% and 3.24%, respec-
tively.20 Praziquantel, the drug recommended by WHO for clo-
norchiasis, was assumed to be administered at a dose of 75 mg/kg of 
body weight.21 An average weight of 35 kg, 55 kg and 65 kg was 
adopted for children below 14, adult female (over 14) and adult male 
(over 14).22 Each table of praziquantel was set as 200 mg. 

R (version 4.2.3) was utilized for the complete statistical analysis, 
and the Bayesian geostatistical models were implemented using 
INLA package.17 The maps were created using ArcGIS (version 10.1). 

Results 

Epidemiological profiles of observed data in the surveillance spots 

Out of 1 873 668 participants from 31 provinces, 18 550 were 
detected with C. sinensis infection, yielding a crude prevalence of 
0.99% (Fig. S2). Positive cases were detected in 19 provinces, with 
high crude prevalence in Guangxi (9.22%, 6740 out of 73 112), 
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Heilongjiang (4.33%, 3754 out of 86 762), Jilin (3.79%, 2912 out of 76 
779), and Guangdong (3.27%, 3546 out of 108 375) (Table 1). Higher 
prevalence was demonstrated in male (1.32%, 12 068 out of 911 759) 
than in female (0.67%, 6482 out of 961 909) (Table 2). High pre-
valence was shown in the age groups older than 30 years. 

Performance of models and important determinants 

Both Bayesian logistic regression and hurdle model for pre-
valence exhibited reasonable and similar model performance (Table 
S3, Table S4, Fig. S3, and Fig. S4). The MAE was lower in the former 
compared to the latter (0.44% vs 0.60%). Although the 95% coverage 
was lower in the former than in the latter (81.46% vs 88.42%), the 
width in the former showed superiority than the latter (1.00% vs 
3.42%). After further considering the relative simplicity, logistic re-
gression modeling framework was finally adopted. The model 

identified nine factors as influencing factors, including age, gender, 
elevation, HII, nighttime lights, precipitation, distance to the nearest 
open water body, the probability of local practice of ingesting raw 
freshwater fish and NDVI (Table S3). 

National prevalence 

High infection risk distributed in southern and northeastern 
China, particularly in the northern, southwestern, and some eastern 
regions of Guangxi, the Pearl River Delta region in Guangdong, as 
well as in the northwestern regions of Jilin, the southwestern and 
northeastern regions of Heilongjiang (Fig. 1). The population-ad-
justed national prevalence was 0.67% (95% BCI: 0.58%−0.77%), while 
at provincial level, highest prevalence was demonstrated in Guangxi 
(8.92%, 95% BCI: 7.10%−10.81%), followed by Guangdong (2.99%, 95% 
BCI: 2.43–3.74), Heilongjiang (1.29%, 95% BCI: 1.04%−1.63%) and Jilin 

Table 1 
Observed and estimated prevalence, and estimated population under infection with Clonorchis sinensis by provinces in China.        

Provinces No. examined No. positive Proportion (%) Prevalence (%) (median and 95% BCI) Population under infection× 1000 (median and 95% BCI)  

Anhui 91689 30 0.03 0.08 (0.05, 0.16) 47.50 (28.46, 93.29) 
Beijing 12537 0 0.00 0.00 (0.00, 0.16) 0.51 (0.01, 44.42) 
Chongqing 29182 1 0.00 0.04 (0.01, 0.20) 9.58 (2.78, 54.12) 
Fujian 63199 109 0.17 0.06 (0.03, 0.14) 24.25 (12.14, 58.09) 
Gansu 67907 1 0.00 0.02 (0.00, 0.21) 4.90 (0.90, 52.85) 
Guangdong 108375 3546 3.27 2.99 (2.43, 3.74) 3712.13 (3008.68, 4635.63) 
Guangxi 73112 6740 9.22 8.92 (7.10, 10.81) 4204.31 (3347.15, 5096.85) 
Guizhou 53809 322 0.60 0.34 (0.23, 0.55) 115.65 (77.63, 184.73) 
Hainan 14134 0 0.00 0.02 (0.00, 0.55) 1.84 (0.13, 55.69) 
Hebei 93948 0 0.00 0.01 (0.00, 0.12) 7.46 (1.18, 94.33) 
Heilongjiang 86762 3754 4.33 1.29 (1.04, 1.63) 510.75 (409.27, 644.44) 
Henan 111687 1 0.00 0.02 (0.01, 0.12) 16.70 (5.12, 113.77) 
Hubei 55885 0 0.00 0.02 (0.00, 0.19) 11.62 (2.10, 101.16) 
Hunan 142219 942 0.66 0.17 (0.13, 0.25) 113.57 (84.04, 164.22) 
Jiangsu 44392 18 0.04 0.07 (0.03, 0.18) 53.69 (25.05, 148.18) 
Jiangxi 27515 112 0.41 0.17 (0.07, 0.52) 83.41 (34.17, 248.70) 
Jilin 76779 2912 3.79 0.71 (0.52, 0.99) 194.87 (142.41, 271.23) 
Liaoning 82100 14 0.02 0.02 (0.00, 0.13) 8.14 (2.17, 58.64) 
Neimenggu 49997 0 0.00 0.04 (0.01, 0.31) 9.94 (2.71, 81.06) 
Ningxia 21666 0 0.00 0.01 (0.00, 0.27) 0.38 (0.02, 19.55) 
Qinghai 35842 0 0.00 0.00 (0.00, 0.17) 0.32 (0.03, 10.71) 
Shaanxi 44883 0 0.00 0.02 (0.00, 0.20) 6.74 (0.74, 76.52) 
Shandong 76591 9 0.01 0.04 (0.02, 0.15) 39.88 (15.33, 154.34) 
Shanghai 11241 0 0.00 0.00 (0.00, 0.12) 1.13 (0.03, 37.28) 
Shanxi 66278 1 0.00 0.01 (0.00, 0.17) 4.49 (0.67, 64.29) 
Sichuan 102324 30 0.03 0.06 (0.03, 0.14) 50.38 (27.07, 109.53) 
Tianjin 10098 0 0.00 0.00 (0.00, 0.08) 0.51 (0.01, 14.11) 
Xinjiang 76995 6 0.01 0.05 (0.02, 0.25) 13.35 (4.47, 62.64) 
Xizang 20836 0 0.00 0.02 (0.00, 0.57) 1.06 (0.07, 26.51) 
Yunnan 70325 2 0.00 0.04 (0.01, 0.20) 20.31 (6.08, 97.90) 
Zhejiang 51361 0 0.00 0.01 (0.00, 0.11) 8.41 (1.36, 69.94) 
Total 1873668 18550 0.99 0.67 (0.58, 0.77) 9456.61 (8220.14, 10877.16) 

Table 2 
Observed and estimated prevalence, and estimated population under infection with Clonorchis sinensis by genders and age groups in China.         

No. examined No. positive Proportion (%) Prevalence (%) (median and 95% BCI) Population under infection × 1000 (median and 95% BCI)  

Male      
0−14 217581 358 0.16 0.25 (0.20, 0.30) 323.83 (268.86, 400.18) 
15−29 80538 660 0.82 0.86 (0.74, 1.00) 1154.96 (990.83, 1341.14) 
30−44 162991 3115 1.91 1.15 (1.01, 1.30) 1918.87 (1682.77, 2176.90) 
45−59 219738 5107 2.32 1.01 (0.89, 1.13) 1717.11 (1523.38, 1921.32) 
60+ 230911 2828 1.22 0.85 (0.75, 0.96) 1020.84 (899.40, 1145.47) 
Subtotal 911759 12068 1.32 0.85 (0.75, 0.97) 6145.75 (5396.05, 6987.85) 
Female      
0−14 193656 243 0.13 0.12 (0.10, 0.16) 133.75 (107.98, 173.81) 
15−29 91132 445 0.49 0.46 (0.38, 0.55) 593.45 (493.97, 712.29) 
30−44 182773 1644 0.90 0.63 (0.54, 0.74) 1003.96 (858.44, 1180.24) 
45−59 247883 2549 1.03 0.57 (0.49, 0.65) 932.88 (800.85, 1070.77) 
60+ 246465 1601 0.65 0.53 (0.45, 0.61) 655.33 (555.57, 752.33) 
Subtotal 961909 6482 0.67 0.48 (0.41, 0.56) 3319.75 (2817.86, 3879.39) 
Total 1873668 18550 0.99 0.67 (0.58, 0.77) 9456.61 (8220.14, 10877.16)    
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(0.71%, 95% BCI: 0.52%−0.99%) (Table 1). The prevalence was higher 
in male (0.85%, 95% BCI: 0.75%−0.97%) than in female (0.48%, 95% 
BCI: 0.41%−0.56%) (Table 2, Fig. 2). And those aged 30–59 years old 
showed highest prevalence compared to other age groups 
(Table 2, Fig. 2). 

Population under infection 

Totally, 9.46 million (95% BCI: 8.22 million-10.88 million) people 
were estimated to be infected with C. sinensis, while Guangxi and 
Guangdong harbored the most, with a figure of 4.20 million (95% 

BCI: 3.35 million-5.10 million) and 3.71 million (95% BCI: 3.01 mil-
lion and 4.64 million), respectively (Table 1). The estimated popu-
lation under infection was 6.15 million (95% BCI: 5.40 million-6.99 
million) in male and 3.32 million (95% BCI: 2.82 million-3.88 mil-
lion) in female (Table 2). The number exceeded 1 million in those 
aged 30–44, 45–59, 15–29, and 60+ in male and aged 30–44 in 
female. 

Population at risk and with chemotherapy needs 

The number of counties with a prevalence over 20%, 10%–20%, 
1%–10%, and 0.1%–1% was 22 (95% BCI: 15–28), 24 (95% BCI: 17–30), 
121 (95% BCI: 103–143) and 336 (95% BCI: 283–395), respectively 
(Table 3). The corresponding population was 13.62 million (95% BCI: 
8.54 million-17.37 million), 15.70 million (95% BCI: 8.14 million-21.73 
million), 69.93 million (95% BCI: 58.45 million-85.49 million), and 
179.99 million (95% BCI: 145.79 million-217.56 million). The esti-
mated population at risk was 99.13 million (95% BCI: 88.61 million- 
114.40 million) under scenario A and 280.06 million (95% BCI: 
244.00 million-320.33 million) under scenario B (Table 4). The po-
pulation requiring chemotherapy was 51.69 million (95% BCI: 45.48 
million-57.84 million) in strategy A and 57.60 million (95% BCI: 51.25 
million-63.94 million) in strategy B (Table 4, Fig. S5 and Fig. S6), 
while the corresponding drugs needed in tablets was 1080.82 mil-
lion (95% BCI: 948.48 million-1210.94 million) and 1203.91 million 
(95% BCI: 1068.79 million-1337.20 million) (Table S5, Fig. S7 and  
Fig. S8). 

Discussion 

This study demonstrated a heavy burden of clonorchiasis in 
China in terms of the huge population at risk and large number of 
individuals under infection. The prevalence was especially high in 
Guangxi and Guangdong in southern areas, while it was also high in 
Heilongjiang and Jilin in northeastern areas. Adult males were pre-
dominantly afflicted. Overall, this study explicitly urges the im-
plementation of interventions to control the morbidity of 
clonorchiasis in China. The chemotherapy needs estimated at county 
level in this study also provide reference for precise intervention. 

As neglected tropical diseases, epidemiology data for food-borne 
trematodiasis are very scarce.23 In China, high-resolution epide-
miological data are available for many parasitic diseases, e.g. village 
level for schistosomiasis and malaria and county level for echino-
coccosis.24–26 However, only provincial-level data were available for 
clonorchiasis owing to several national surveys. On the other hand, 
spatial variation is high for clonorchiasis due to the differential 
distribution of determinants involved in the transmission, e.g., the 
distribution of the two intermediate hosts and the dietary habit of 
ingesting raw freshwater fish.9,27 Thus, the unavailability of high- 
resolution distribution hinders the control of clonorchiasis.23 In this 
study, we applied the geostatistical modeling techniques to establish 
high-resolution map for prevalence. Because the transmission of 
clonorchiasis is driven by the distribution of two intermediate hosts 
and individuals’ dietary behavior, thus, any factor involved in the 
transmission could influence the distribution of clonorchiasis and 
subsequently be employed to model the endemicity. In this study, 
diverse determinants were found to be relevant to the prevalence. 
The ingestion of raw freshwater fish is of crucial importance, which 
is well demonstrated in many studies.20,28 This dietary habit was 
differential in different genders and ages,29 and thus, these two 
factors were included as important determinants. Economic status is 
relevant to the practice of ingesting raw freshwater fish at com-
munity and individual level, and thus HII is also included in the 
model.28,30 The elevation, precipitation, distance to nearly water and 
NDVI are highly relevant to the distribution of intermediate hosts.9,11 

It is well documented that high elevation is associated with a low 

Fig. 1. Estimated prevalence of Clonorchis sinensis infection across China at 5×5 km2 

resolution. 

Fig. 2. Estimated prevalence of Clonorchis sinensis infection by genders and age 
groups in China. 
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Table 3 
Number of counties by provinces and prevalence levels of Clonorchis sinensis infection in China.        

Provinces No. counties  

<  0.1% (95% BCI) 0.1% -  <  1% (95% BCI) 1% -  <  10% (95% BCI) 10% -  <  20% (95% BCI) ≥ 20% (95% BCI)  

Anhui 84 (71, 93) 20 (11, 32) 0 (0, 3) 0 (0, 0) 0 (0, 0) 
Beijing 16 (10, 16) 0 (0, 6) 0 (0, 0) 0 (0, 0) 0 (0, 0) 
Chongqing 35 (25, 38) 3 (0, 12) 0 (0, 2) 0 (0, 0) 0 (0, 0) 
Fujian 67 (55, 75) 16 (8, 29) 1 (0, 4) 0 (0, 0) 0 (0, 0) 
Gansu 83 (70, 87) 4 (0, 13) 0 (0, 4) 0 (0, 0) 0 (0, 0) 
Guangdong 42 (33, 49) 40 (30, 50) 33 (26, 41) 7 (3, 10) 3 (0, 5) 
Guangxi 5 (1, 10) 34 (26, 42) 45 (37, 55) 10 (5, 14) 16 (11, 21) 
Guizhou 66 (49, 76) 19 (9, 35) 2 (0, 5) 1 (0, 2) 0 (0, 1) 
Hainan 23 (13, 24) 1 (0, 9) 0 (0, 2) 0 (0, 0) 0 (0, 0) 
Hebei 164 (140, 167) 3 (0, 21) 0 (0, 5) 0 (0, 0) 0 (0, 0) 
Heilongjiang 77 (62, 87) 23 (13, 34) 17 (11, 24) 4 (2, 7) 2 (0, 4) 
Henan 152 (130, 157) 5 (0, 25) 0 (0, 4) 0 (0, 0) 0 (0, 0) 
Hubei 98 (81, 103) 5 (0, 19) 0 (0, 5) 0 (0, 0) 0 (0, 0) 
Hunan 100 (87, 108) 18 (11, 31) 2 (2, 5) 1 (0, 1) 0 (0, 1) 
Jiangsu 77 (62, 87) 19 (9, 32) 0 (0, 5) 0 (0, 0) 0 (0, 0) 
Jiangxi 81 (63, 92) 15 (4, 30) 4 (1, 10) 0 (0, 1) 0 (0, 0) 
Jilin 48 (39, 53) 6 (2, 15) 4 (3, 7) 1 (0, 2) 0 (0, 1) 
Liaoning 96 (82, 100) 4 (0, 16) 0 (0, 3) 0 (0, 0) 0 (0, 0) 
Neimenggu 94 (82, 101) 8 (2, 17) 1 (0, 6) 0 (0, 1) 0 (0, 0) 
Ningxia 22 (16, 22) 0 (0, 5) 0 (0, 2) 0 (0, 0) 0 (0, 0) 
Qinghai 45 (38, 45) 0 (0, 5) 0 (0, 2) 0 (0, 0) 0 (0, 0) 
Shaanxi 102 (85, 107) 4 (0, 17) 0 (0, 5) 0 (0, 0) 0 (0, 0) 
Shandong 122 (102, 133) 13 (3, 31) 0 (0, 4) 0 (0, 0) 0 (0, 0) 
Shanghai 16 (10, 16) 0 (0, 6) 0 (0, 0) 0 (0, 0) 0 (0, 0) 
Shanxi 114 (94, 117) 3 (0, 20) 0 (0, 5) 0 (0, 0) 0 (0, 0) 
Sichuan 154 (137, 169) 28 (14, 45) 1 (0, 5) 0 (0, 0) 0 (0, 0) 
Tianjin 16 (12, 16) 0 (0, 4) 0 (0, 0) 0 (0, 0) 0 (0, 0) 
Xinjiang 96 (86, 104) 10 (3, 19) 1 (0, 5) 0 (0, 1) 0 (0, 0) 
Xizang 73 (65, 74) 1 (0, 8) 0 (0, 2) 0 (0, 0) 0 (0, 0) 
Yunnan 118 (100, 126) 10 (3, 26) 1 (0, 6) 0 (0, 0) 0 (0, 0) 
Zhejiang 87 (74, 90) 3 (0, 15) 0 (0, 3) 0 (0, 0) 0 (0, 0) 
Total 2345 (2278, 2403) 336 (283, 395) 121 (103, 143) 24 (17, 30) 22 (15, 28) 

Table 4 
Population at risk of Clonorchis sinensis infection and corresponding chemotherapy needs by provinces in China.       

Provinces No. population at risk of infection (× 1000) No. population with chemotherapy needs (× 1000) 

Scenario A Scenario B Strategy A Strategy B  

Anhui 0.00 (0.00, 2249.04) 14165.02 (7481.20, 22004.24) 0.00 (0.00, 693.01) 486.69 (245.26, 1164.74) 
Beijing 0.00 (0.00, 0.00) 0.00 (0.00, 10888.17) 0.00 (0.00, 0.00) 0.00 (0.00, 486.68) 
Chongqing 0.00 (0.00, 1517.56) 2297.88 (0.00, 9327.11) 0.00 (0.00, 463.68) 77.45 (0.00, 708.65) 
Fujian 255.55 (0.00, 1228.18) 5340.28 (1877.84, 13265.91) 78.31 (0.00, 383.73) 247.98 (81.36, 712.09) 
Gansu 0.00 (0.00, 1209.78) 1132.35 (0.00, 5536.49) 0.00 (0.00, 411.40) 41.31 (0.00, 525.98) 
Guangdong 46503.45 (38406.92, 55886.46) 85891.32 (78222.17, 95495.54) 24016.20 (18840.37, 29253.69) 25283.76 (20239.66, 30309.44) 
Guangxi 32130.28 (29144.59, 35867.56) 45332.12 (42666.23, 46856.33) 19200.38 (17250.93, 21177.32) 19619.52 (17773.88, 21552.05) 
Guizhou 854.24 (597.14, 2649.79) 8211.15 (3885.21, 14707.47) 637.22 (370.13, 1105.47) 861.24 (530.46, 1457.20) 
Hainan 0.00 (0.00, 1276.90) 453.88 (0.00, 5073.21) 0.00 (0.00, 430.71) 14.80 (0.00, 527.27) 
Hebei 0.00 (0.00, 2157.41) 1386.30 (0.00, 12461.55) 0.00 (0.00, 696.06) 47.28 (0.00, 1087.06) 
Heilongjiang 7602.26 (6201.15, 9636.95) 15272.55 (11967.91, 20063.06) 3413.48 (2783.35, 4233.58) 3665.28 (3034.42, 4497.00) 
Henan 0.00 (0.00, 2360.56) 3832.05 (0.00, 16442.62) 0.00 (0.00, 775.26) 130.44 (0.00, 1294.27) 
Hubei 0.00 (0.00, 2113.45) 2405.34 (0.00, 11608.23) 0.00 (0.00, 707.77) 87.13 (0.00, 1048.18) 
Hunan 1507.56 (1507.56, 2852.49) 10723.60 (6256.21, 18231.13) 637.67 (605.93, 1032.12) 973.99 (768.74, 1408.52) 
Jiangsu 0.00 (0.00, 3465.91) 14841.15 (6692.74, 28093.45) 0.00 (0.00, 1064.42) 551.22 (218.73, 1766.13) 
Jiangxi 1625.61 (721.80, 5137.90) 8877.11 (3247.78, 19096.44) 549.55 (223.22, 1916.24) 788.91 (405.99, 2143.31) 
Jilin 2690.62 (2690.62, 4145.91) 6449.38 (3791.57, 10698.08) 1162.77 (883.37, 1701.78) 1292.63 (1002.56, 1909.90) 
Liaoning 0.00 (0.00, 1519.06) 1830.75 (0.00, 8935.46) 0.00 (0.00, 471.00) 62.69 (0.00, 682.01) 
Neimenggu 69.14 (0.00, 1955.19) 1989.39 (490.94, 5990.07) 21.04 (0.00, 669.39) 97.73 (16.36, 789.94) 
Ningxia 0.00 (0.00, 578.67) 0.00 (0.00, 1840.67) 0.00 (0.00, 176.27) 0.00 (0.00, 253.76) 
Qinghai 0.00 (0.00, 307.32) 0.00 (0.00, 1251.82) 0.00 (0.00, 99.35) 0.00 (0.00, 115.86) 
Shaanxi 0.00 (0.00, 1922.76) 1371.30 (0.00, 9018.10) 0.00 (0.00, 610.32) 53.25 (0.00, 802.77) 
Shandong 0.00 (0.00, 3738.30) 10216.59 (2342.19, 26461.10) 0.00 (0.00, 1244.31) 368.55 (76.56, 1837.21) 
Shanghai 0.00 (0.00, 0.00) 0.00 (0.00, 12106.95) 0.00 (0.00, 0.00) 0.00 (0.00, 469.83) 
Shanxi 0.00 (0.00, 1778.62) 847.42 (0.00, 8845.99) 0.00 (0.00, 550.44) 29.16 (0.00, 751.30) 
Sichuan 159.09 (0.00, 2090.17) 12829.84 (5986.98, 22316.72) 52.88 (0.00, 735.17) 493.02 (196.60, 1169.28) 
Tianjin 0.00 (0.00, 0.00) 0.00 (0.00, 4729.31) 0.00 (0.00, 0.00) 0.00 (0.00, 165.77) 
Xinjiang 70.41 (0.00, 1284.39) 2934.71 (855.73, 5710.52) 21.83 (0.00, 429.83) 133.26 (30.95, 529.86) 
Xizang 0.00 (0.00, 954.70) 280.75 (0.00, 1463.44) 0.00 (0.00, 299.44) 9.34 (0.00, 309.62) 
Yunnan 151.81 (0.00, 2555.45) 4215.65 (882.64, 11294.60) 49.39 (0.00, 822.51) 191.51 (30.51, 995.45) 
Zhejiang 0.00 (0.00, 2011.00) 1504.46 (0.00, 11507.53) 0.00 (0.00, 618.28) 54.74 (0.00, 835.96) 
Total 99132.07 (88606.07, 114400.74) 280063.31 (243998.29, 320333.30) 51687.02 (45484.23, 57837.70) 57601.80 (51248.64, 63940.70)    
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prevalence of clonorchiasis and opisthorchiasis (another important 
liver fluke disease endemic in Southeast Asia), which is attributed to 
the habitant preference of snail hosts.31,32 Precipitation determines 
the formation of water bodies. Especially, a lack of precipitation will 
increase the mortality of snails.2 Nearing to the water increases the 
accessibility to freshwater fish.33 It is interesting that two distant 
hotspots of clonorchiasis are distributed in southern and north-
eastern China. On the one hand, the suitable environments, e.g., low 
elevation and high precipitation in both southern and northeastern 
China, favor the survival and reproduction of intermediate hosts, 
especially snails. On the other hand, people in these two regions 
both prefer the ingestion of raw freshwater fish.30,34,35 

The finding of 9.46 million persons under infection with C. si-
nensis demonstrates high endemicity of this disease in China. Taking 
consideration of the significant control and even elimination of 
many other parasitic diseases in China, clonorchiasis is becoming 
more and more important. It should be noticed that a significant 
variation of our finding with that of national survey in 2014–2015 in 
which 6 million were estimated. In that national survey, the in-
vestigation of clonorchiasis in rural areas was combined with that of 
soil-transmitted helminthiases, while a special survey was im-
plemented for clonorchiasis in urban areas. A prevalence of 0.71% in 
urban areas and 0.23% in rural areas was demonstrated. Thus, it is 
argued that the sampling in rural areas targeting soil-transmitted 
helminthiases underestimated clonorchiasis.10 

This study not only provided the accurate population under in-
fection, but also estimated the population at risk. It is challenging to 
estimate the population at risk for clonorchiasis due to the difficulty 
in classifying endemic areas. The endemicity of clonorchiasis is de-
termined by both the distribution of intermediate hosts, especially 
snails and the dietary habit of ingesting raw freshwater fish. On one 
hand, the existence of animal reservoirs could complete the circu-
lation while people are not involved in if they don’t hold the raw- 
fish-eating habit.36 On the other hand, the transportation of fresh-
water fish spreads the transmission into areas where there are no 
intermediate snail hosts, especially in large cities.30 Thus, this study 
reversely utilized the prevalence data to estimate the population at 
risk. It was argued that the cases detected in the areas with a very 
low prevalence probably consumed raw freshwater fish in high 
prevalent areas during their trip or earlier living there, which may 
not cause local transmission.37,38 Because there was no availability of 
definite criteria, we adopted two scenarios with different prevalence 
thresholds (1% and 0.1%, respectively). WHO estimated that 265 
million persons were at risk of clonorchiasis in China in 1990s,39 

while a number of approximate 600 million was estimated in 2000s 
in other study.33 Our finding significantly increases the accuracy 
through the classification of county-level prevalence data, which 
will benefit the precise adoption of intervention. 

This study has important implications for the control of clo-
norchiasis. First, clonorchiasis is becoming an important public 
health problem in China, compared to the significant control of other 
neglected tropical diseases. Furthermore, China harbors the largest 
cases in the globe, because the number of C. sinensis cases is esti-
mated to be 1.42 million in South Korea and 1 million in Vietnam, 
respectively.9 Thus, the adoption of intensified control is urged in 
China. Second, chemotherapy should be of crucial importance 
nowadays due to the high endemicity, especially in southern areas. 
Mass chemotherapy and selective chemotherapy are suggested 
based on the prevalence level. Third, the variations by populations 
should also be considered. Because of the high prevalence, adult 
males should be prioritized, in which a high coverage of che-
motherapy is needed.22 Fourth, the ingestion of raw freshwater fish 
is of crucial importance in clonorchiasis. Thus, education is ad-
vocated. Compared to adult males, females and children are more 
prone to avoiding or abandoning this practice and thus education for 
them could sustain the control effectiveness.40 Finally, environments 

are important in the completion of C. sinensis infection, and thus 
environmental modification to block the contamination of feces into 
water should also be integrated to increase the sustainability. 

This study has several limitations. First, we took the surveillance 
data of clonorchiasis between 2016 and 2021 as a cross-sectional 
study, which didn’t illuminate the time trend. The surveillance spots 
in each year were not randomly sampled, which would lead to 
misunderstanding in time trend if data were analyzed by year. 
Especially, C. sinensis survives in human beings for over 20 years,13 

and no large-scale control has been implemented during this time. 
Additionally, both theoretical models and field observations de-
monstrate a high re-infection of clonorchiasis.41,42 Thus, it is be-
lieved that the prevalence of clonorchiasis would not be changed 
significantly during the period. However, it is still valuable to es-
tablish temporal trends in the future through longitudinal designs 
and improved sampling strategies. Second, the data on the practice 
of ingesting raw freshwater fish was only qualitatively collected at 
the village/community level. This may affect the precision of the 
model’s weight estimation for this risk factor. Future research is 
expected to collect more detailed data, such as individual-level 
consumption frequency and quantity. Third, high-quality distribu-
tion data for intermediate hosts, especially the first intermediate 
host-snails, will further increase the quality of the estimated dis-
tribution. However, this data is not available. Indeed, the inclusion of 
the environmental determinants indirectly reflected the contribu-
tion of the distribution of intermediate hosts. However, it is still 
expected to establish a national database for intermediate hosts in 
the future. 

Conclusions 

This study demonstrates the importance of clonorchiasis as a 
public health problem in China in terms of the huge population 
under infection. High prevalence is distributed in the southern areas, 
while adults, especially men, dominate the burden. Thus, interven-
tion especially chemotherapy is needed to target these highly en-
demic areas and populations. The estimated population for 
chemotherapy at county level in this study could guide the adoption 
of precise intervention for clonorchiasis. 
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