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Abstract: This study provides an overview of the current status of clonorchiasis and cholangiocarcinoma (CCA), and their
relationship in Korea during 2012-2020. Data were obtained from the Health Insurance Review & Assessment Service of
Korea. Cluster, trend, and correlation analyses were performed. Gyeongsangnam-do and Seoul had the highest average
number of cases (1,026 and 4,208) and adjusted rate (306 and 424) for clonorchiasis and CCA, respectively. The most
likely clusters (MLC) for clonorchiasis and CCA were Busan/Gyeongsangnam-do/Ulsan/Daegu/Gyeongsangbuk-do (Rel-
ative Risk; RR=4.55, Likelihood Ratio; LLR=9,131.115) joint cluster and Seoul (RR=2.29, LLR=7,602.472), respectively.
The MLC for clonorchiasis was in the southeastern part of Korea, while that for CCA was in the southern part. Clonorchia-
sis showed a decreasing trend in the southeastern districts, while increased in the southwestern districts. Cities in the
central region had a decreasing trend, while the western districts had an increasing trend. In most adults (30-59), infection
rate of clonorchiasis showed a significant decrease until 2018, while thereafter increased, although not significant. CCA
showed a sharply decreasing tendency. The incidence of clonorchiasis and CCA were positively correlated. In general,
the correlation was weak (r=0.39, P<0.001), but it was strongly positive around the 4 river basins (r=0.74, P<0.001).
This study might provide an analytic basis for developing an effective system against clonorchiasis and CCA.
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INTRODUCTION

Parasitic diseases are a global public health problem. In Ko-
rea, soil-transmitted intestinal nematodes were highly preva-
lent in the past, but they had been controlled successfully
thanks to nationwide programs and health initiatives [1,2].
However, infections caused by fish-borne trematodes remain
relatively high [3]. Clonorchiasis caused by Clonorchis sinensis
is ranked as one of the most important parasitic diseases in
humans due to its social, economic, and public health impacts
in Korea [1].

C. sinensis is widely distributed in East Asia, and is endemic
in some regions [4,5]. In Korea, clonorchiasis is endemic in
most of the major river basins, especially around the 5 major
rivers of Nakdong, Seomjin, Geum, Yeongsan, and Han [1,6].
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Although most of the infected individuals have minimal
symptoms, clonorchiasis is a major and current health concern
in most endemic areas [5,7]. C. sinensis contributed to devel-
opment of various biliary diseases, including cholangiocarci-
noma (CCA), and has been classified as one of group 1 bio-
carcinogens by the International Agency for Research on Can-
cer [8].

CCA is one of the main histological types of malignant tu-
mors of the biliary tract epithelia and the second most com-
mon primary hepatic cancer [9]. Its incidence is exceptionally
high in some parts of Asia, including Korea, where infection
with the liver fluke C. sinensis is widespread [5,10]. Previous
studies have shown that clonorchiasis is associated with CCA,
however, there have been few observational studies evaluating
the trends and spatial analyses of clonorchiasis and CCA in
Korea [11-13]. In this study, we assess the spatial clusters and
trend for clonorchiasis and CCA from 2012 to 2020, using
clinical data that represents the whole Korean population
from the Healthcare Bigdata Hub [14], as well as their rela-
tionship. We provide an analytic overview of these diseases so
that it might provide a basis for control strategies against them.
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MATERIALS AND METHODS

Ethics statement

This study was performed under the regulation of the IRB
Committee of The Catholic University of Korea (No. MIRB-
20201127-002). This research adheres to the tenets of the Dec-
laration of Helsinki.

Data source and definition

The nationwide clonorchiasis and CCA cases for 9 years
(2012-2020) from the 17 administrative districts in Korea and
age-period cohorts (5, 10-year interval) according to sex were
obtained from the HIRA of Korea (https://opendata hira.or.kr/
home.do [cited 2020 October]). The HIRA collects all relevant
information from the records of all the patients in almost all
hospitals and clinics in Korea. The accuracy and reliability of
its data have been systemically validated [14].

The population data of the 17 administrative divisions was
obtained from the KOrean Statistical Information Service
(https://kosis.kr/index/index.do [cited 2021 October]). The
geographical locations of the cases were set to the latitude and
longitude of administrative center as the search point since the
case data were compiled according to administrative district
unit. Average population of the districts was calculated for the
full period to evaluate overall disease status. Case numbers
were adjusted for the district’s population (cases/1,000,000) in
the corresponding year to facilitate comparison between the
different districts (Supplementary Table S1).

Spatiotemporal analyses of clusters and trend

SaTScan (v10.0) [15] was used to detect clusters and to eval-
uate their significance through a simulation. The discrete Pois-
son model was used since the case data were linked to their
background population at risk. Spatial scan analysis detects
clusters with maximum likelihood ratio by creating a circular
window on a map and scanning the study area by varying the
window size.

The window size determines a percentage of the population
at risk within its boundaries [16]. Spatial scan statistic works
the best for detecting spatial clusters and may be effective in
the study of small-numbered cases, such as novel or infrequent
outbreaks [17,18]. It is important to find an appropriate set
value of cluster size because a large value could hide the effect
of small core clusters, while a small value could overlook the
regional pattern of clusters [19]. Various studies have been per-

formed to address this issue, and SaTScan has been progres-
sively updated to address these results and implemented them
on the new versions [20,21]. Therefore, 50% window size for
statistical analyses as per the users’ guide in the present study
was selected. Clonorchiasis and CCA were evaluated individu-
ally, and multivariate analysis was also performed to consider
the 2 diseases simultaneously.

General disease trend, according to administrative districts,
was determined through spatial variation in temporal trend
analysis by scanning for clusters with either increasing or de-
creasing rates. In this analysis, a window size of 50% was used
to facilitate detection of the significant core clusters.

Statistical significance of the clusters was calculated, using
the Monte Carlo simulations with an inference of 9,999 [22]
and expressed as P-value. A significance level of a<0.05 was
used as a standard. QGIS v3.16 was used to visualize cluster
patterns on a map. The clusters and trends are shown in order
of log likelihood ratio. The study analyzed data from 2012 to
2020.

Trend analysis

Disease trend, according to sex and age, was determined us-
ing Joinpoint Regression Program from the National Cancer
Institute website (v4.9.0.0) (https://surveillance.cancer.gov/
joinpoint/) [23,24]. The present study used crude rates, com-
puted by the Joinpoint software, whereby the number of new
cases, occurting in a specified population per year, is expressed
as the number of cases per 100,000 population at risk.

A maximum number of 1 joinpoint was used, making it
possible to see whether the incidence is better explained by a
single trend or by the existence of multiple trend segments
during the study period. Briefly, joinpoint regression identifies
the best-fitting breakpoints (years), in which there was a sig-
nificant change in the incidence rate (crude rates) [25]. The re-
sults were summarized as annual percentage changes (APC)
with the best model fit for each trend segment. Statistical sig-
nificance was calculated with an inference of 9,999 and ex-
pressed as P-value. A significance level of a<0.05 was used as
a standard.

The results were also output in graphs by the software,
where annual crude rates are displayed. The final selected
model from statistically significant age groups according to sex
was output into a single graph to view multiple models simul-
taneously. This graph was then recreated for enhanced legibili-
ty using the output data.
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Relationship between clonorchiasis and CCA

Correlation between the 2 diseases was tested using Micro-
soft Excel Version 2016 (Microsoft, Redmond, Washington,
USA) [26]. Sample size, needed to detect a relevant correlation
with specified significance level (a=0.05) and power (80%,
$=0.20), was calculated [27,28]. The test was performed for
all cases in Korea as a whole and also for the areas around the
4 major rivers of Nakdong, Seomjin, Geum, and Yeongsan [1].
Although previous studies have been performed on the 5 ma-
jor river basins including the Han River, we limited our study
to the 4 rivers that are known to be endemic for clonorchiasis.
The districts thus selected included Gyeongsangbuk-do,
Gyeongsangnam-do, Jeollanam-do, and Chungcheongnam-
do (Supplementary Fig. S1).

RESULTS

General characteristics

A total of 32,859 and 107,070 cases with an average of 3,651
and 111,897 cases per year of clonorchiasis and CCA, respec-
tively, were reported during the study period from 2012 to
2020. Gyeongsangnam-do had the highest average number of
cases (1,026) of clonorchiasis. This was also true after adjusting
for the population (306 cases/1,000,000). The same was noted
in Seoul with the highest average number of cases (4,208) and
adjusted rate (424) for CCA (Supplementary Table S1).

Purely spatial analysis of clusters

When cluster analysis was performed for individual diseases,
the most likely cluster (MLC) for clonorchiasis was the joint
cluster of Busan/Gyeongsangnam-do/Ulsan/Daegu/Gyeong-
sangbuk-do with relative risk (RR) and log likelihood ratio
(LLR) of 4.55 and 9,131.115, followed by Gwangju (RR=1.59,
LLR=132.804). The MLC for CCA was Seoul (RR=2.29,
LLR=7,602.472), followed by the Jeju-do/Jeollanam-do/Jeol-
labuk-do/Gyeongsangnam-do/Busan joint cluster (RR=1.25,
LLR=605.972) (Table 1). The MLC for clonorchiasis was situ-
ated in the southeastern regions of Korea (Fig. 1A), while for
CCA, it was in the southern regions (Fig. 1B).

Multivariate analysis of the 2 diseases simultaneously
showed that the Busan/Gyeongsangnam-do/Ulsan/Daegu was
the MLC (LLR=8,707.185) for both clonorchiasis (RR=4.36)
and CCA (RR=1.21). Seoul was the next likely cluster for CCA
(RR=2.29, LLR=7,602.472) only, followed by Gwangju
(LLR=332.674) for both clonorchiasis (RR=1.59) and CCA
(RR=1.39) (Table 1). Like clonorchiasis, the MLC for CCA
was situated in the southern districts (Fig. 1C).

Spatial variation in temporal trends analysis according to
districts

Temporal trends analysis showed that clonorchiasis cases
were decreasing in the southeastern districts, in comparison to
the southwestern districts where they showed increase (Fig.

Table 1. Regional clusters detected for clonorchiasis and CCA from 2012 to 2020

Log likelihood

District Cases Expected Relative risk ratio? P-value
Clonorchiasis
Busan/Gyeongsangnam-do/Ulsan/ 20,013 8,384 4.55 9,131.115 <0.001
Daegu/Gyeongsangbuk-do
Gwangju 1,465 934 1.59 132.804 <0.001
CCA
Seoul 37,869 20,636 229 7,602.472 <0.001
Jeju-do/Jeollanam-do/Jeollabuk-do/ 36,833 31,562 1.25 605.972 <0.001
Gyeongsangnam-do/Busan
Combined®
Busan/Gyeongsangnam-do/Ulsan/ 17,286° 6,672 4.36 8,707.185 <0.001
Daegu 25,264¢ 21,741 1.21
Seoul® 37,869 20,636 2.29 7,602.472 <0.001
Gwangju 1,465° 934 1.59 332.674 <0.001
4,192¢ 3,044 1.39
?Clusters are shown in decreasing order of log likelihood ratio.
*Multivariate analysis.
Clonorchiasis.

9CCA.
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Fig. 1. Regional clusters detected for clonorchiasis (A) and CCA (B). Light to dark gradient represents increasing order of log likelihood
ratio. (C). Blue depicts clusters detected with multivariate analysis. Lattice patterns represent most likely cluster (MLC) for both diseases.
SE is a significant cluster for clonorchiasis only. Area codes represent administrative districts of the Korean government. SE, Seoul; BU,
Busan; IN, Incheon; DG, Daegu; GW, Gwangju; DJ, Daejeon; UL, Ulsan; GY,Gyeonggi-do; GA, Gangwon-do; CB, Chungcheongbuk-
do; CN, Chungcheongnam-do; JB, Jeollabuk-do; JN, Jeollanam-do; GB, Gyeongsangbuk-do; GN, Gyeongsangnam-do; JE, Jeju-do;
SJ, Sejong.

Fig. 2. Spatiotemporal trend analysis of clonorchiasis (A) and CCA (B) for 2012-2020. Green and red indicate decreasing and increasing
rate of disease within the cluster, respectively. Light to dark gradient represents increasing order of log likelihood ratio. Area codes repre-
sent administrative districts of the Korean government. SE, Seoul; BU, Busan; IN, Incheon; DG, Daegu; GW, Gwangju; DJ, Dagjeon; UL,
Ulsan; GY, Gyeonggi-do; GA, Gangwon-do; CB, Chungcheongbuk-do; CN, Chungcheongnam-do; JB, Jeollabuk-do; JN, Jeollanam-
do; GB, Gyeongsangbuk-do; GN, Gyeongsangnam-do; JE, Jeju-do; SJ, Sejong.

2A). The Busan/Gyeongsangnam-do/Ulsan/Daegu/Gyeong-
sangbuk-do joint cluster showed a decreasing trend (-6.34%,
LLR 139.652). Conversely, Jeollanam-do/Jeollabuk-do/Jeju-
do/Daejeon (6.99%, LLR=126.897) and Incheon/Seoul (1.06,
LLR=42.708) joint clusters showed an increase (Table 2).

In the case of CCA, cities in the central region showed a de-
creasing trend, while the western districts showed an increas-
ing trend (Fig. 2B). The Daejeon/Sejong joint cluster showed a

decreasing trend (-2.39%, LLR 20.879). On the other hand,
Gwangju (6.47%, LLR=25.208), Incheon (6.49%, LLR=
18.455), and Jeollanam-do (4.87%, LLR=13.482) showed an
increasing trend of CCA (Table 2).

Trends of clonorchiasis/CCA in age groups according to
sex

Changes in crude rate of clonorchiasis/CCA are shown in
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Table 2. Spatiotemporal trends analysis according to administrative districts (2012-2020)

Trend inside  Trend outside

Relative  Log likelihood

Districts Cases Expected cluster® cluster® risk ratio® P-value
Clonorchiasis
Busan/Gyeongsangnam-do/Ulsan/ 20,013 8,384 -6.34 0.78 4.55 139.652 <0.001
Daegu/Gyeongsangbuk-do
Jeollanam-do/Jeollabuk-do/Jeju-do/ 3,072 3,752 6.99 -4.87 0.8 126.897 <0.001
Dagjeon
Incheon/Seoul 4,373 8,196 1.06 -4.65 0.46 42.708 <0.001
CCA
Gwangju 4,192 3,044 6.47 1.94 1.39 25.208 <0.001
Dagjeon/Sejong 3,017 3,621 -2.39 2.25 0.83 20.879 <0.001
Incheon 3,097 6,069 6.49 1.98 0.50 18.455 <0.001
Jeollanam-do 5,450 3,931 4.87 1.97 1.41 13.482 <0.001

Trend inside/outside cluster denotes % increase/decrease over the period of 2012-2020.

®Clusters are shown in decreasing order of log likelihood ratio.

Fig. 3. In women, the 30-59 age groups showed a significant
sharp decrease until 2018 (trend 1) for clonorchiasis. After
2018, an increasing trend was noted, although not significant
(Fig. 3A). For CCA, the 60-69 age group in women showed a
significant decrease (Fig. 3B). Clonorchiasis showed a signifi-
cant decrease in the male 30-59 age groups until 2018 (trend
1), and then increased, although not significant. The 60-69
age group in men also showed an initial sharp decrease until
2015 (trend 1), and then gradually declined. In contrast, the
male group over 80 years of age showed a significant increase
in clonorchiasis (Fig. 3C). CCA in the male group aged 40-69
showed a significant decrease throughout the study period
(Fig. 3D).

A joinpoint for clonorchiasis was observed in the female 30-
59 age groups. Annual Percentage Changes (APC) for the 30-
39, 40-49, and 50-59 age groups were -14.0 (P=0.03), -18.6
(P<0.01), and -10.8 (P=0.01), respectively, until 2018 (trend
1). After 2018, an increasing trend was noted, although not
significant (trend 2). No joinpoint was observed for CCA, but
the 60-69 age group in women showed a significant decreas-
ing rate (APC -4.8, P<0.01). Likewise, a joinpoint for clonor-
chiasis was observed in the male 30-69 age groups. APC for
the 30-39, 40-49, and 50-59 age groups were -15.7, -18.2,
and -14.0, respectively (all P<0.01), until 2018 (trend 1). Af-
ter 2018, an increasing trend was noted, although not signifi-
cant (trend 2). The 60-69 age group in men also showed a sig-
nificant sharp decrease until 2015 (trend 1, APC -12.8,
P<0.01), but continued on a gradual decline (trend 2). How-
ever, the male 80 and over age group showed a significant in-
creasing rate (APC 4.9, P=0.02) throughout the study period.

No joinpoint was observed for CCA and the 40-69 age groups
in men showed a significant decreasing rate throughout the
study period. APC for the 40-49, 50-59, and 60-69 age groups
were -1.5 (P=0.047), -3.6 (P<0.01), and -4.2 (P<0.01), re-
spectively (Table 3).

Correlation of clonorchiasis and CCA

Clonorchiasis and CCA were positively correlated, but weak
when all the districts of Korea were taken as a whole (r=0.39,
P<0.001) (Fig. 4A). However, a strong positive correlation was
observed in the regions around the 4 major river basins of Na-
kdong, Seomjin, Geum, and Yeongsan, comprised of Gyeong-
sangbuk-do, Gyeongsangnam-do, Jeollanam-do and Chun-
gcheongnam-do (r=0.74, P<0.001) (Fig. 4B).

DISCUSSION

The relationship between clonorchiasis and CCA has been
established by many studies, and they have provided a ratio-
nale for our study that evaluated the most recent data in regard
to clonorchiasis and CCA. Overall, significant clusters for both
of them are located in the southern parts of Korea (Fig. 1).
They show an increasing trend in the southwestern parts,
while the southeastern parts showed a decreasing trend of clo-
norchiasis during the last 10 years. In most adults (30-59), clo-
norchiasis showed a significant decrease until 2018, and there-
after increased, although not significant. CCA showed a signif-
icant linear decrease. A positive correlation was observed be-
tween clonorchiasis and CCA around the regions around the 4
major rivers of Nakdong, Seomjin, Geum, and Yeongsan,
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Fig. 3. Trend analysis for clonorchiasis and CCA according to age and sex. (A) In women, the 30-59 age groups show a significant
sharp decrease clonorchiasis until 2018 (trend 1). Annual Percentage Changes (APC) for the 30-39, 40-49, and 50-59 age groups are
-14.0, -18.6, and -10.8, respectively. After 2018, an increasing trend is noted, although not significant. (B) The 60-69 age group in
women shows a significant decreasing rate (APC -4.8) for CCA. (C) In men, the 30-59 age groups show significant decrease of clonor-
chiasis until 2018 (trend 1), and then increases, although not significant. APC in trend 1 for the 30-39, 40-49, and 50-59 age groups are
-15.7, -18.2, and -14.0, respectively. The 60-69 age group also shows a significant sharp decrease until 2015 (trend 1, APC —12.76),
then continues on a gradual decline. In contrast, the male 80 and over age group shows significant increasing rate (APC 4.9). (D) The
40-69 age groups in men show significant decreasing rates throughout the study period for CCA. APC for the 40-49, 50-59, and 60-69
age groups are -1.5, =3.6, and —4.2, respectively. Only age groups with significant trends are shown. Dashed lines represent trends that
are not significant. Crude rates (adjusted cases per 100,000 population at risk) are calculated by mid-year in Joinpoint.

comprised of Gyeongsangbuk-do, Gyeongsangnam-do, Jeolla-
nam-do and Chungcheongnam-do.

Gyeongsangnam-do had the highest average number of clo-
norchiasis cases. Although it has a relatively large population,
its cases far surpassed that of Seoul and Gyeonggi-do, the most
populous city and province by 2 and 5 times, respectively. This

area encompasses the Nakdong River, which had the highest
prevalence of clonorchiasis [1]. This river also flows through
Gyeongsangbuk-do, which also had a high number of clonor-
chiasis cases. This was confirmed after adjusting for popula-
tion, as all major cities and provinces surrounding this river
(the Gyeongsang region) showed high infection rates of C. si-
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Table 3. Clonorchiasis/CCA trends according to sex and age®
Trend 1 Trend 2
Age group
Period APCP 95% Cl P-value Period APCP 95% Cl P-value
Clonorchiasis
Female 0-19 2012-2015 -30.2 -60.9-24.6 0.16 20156-2020 22.0 -8.56-62.8 0.13
20-29 2012-2016 -21.6 -45.6-13 0.14 2016-2020 21.2 -16.3-73.6 0.21
30-39 2012-2018 -14.0 —24.2--2.5 0.03 2018-2020 70.4 -21.5-269.9 0.13
40-49 2012-2018 -18.6 -26.3--10.2  <0.01 2018-2020 48.5 -27.6-204.4 0.20
50-59 2012-2018 -10.8 -15.7--6.7 0.01 2018-2020 28.8 -8.6-81.3 0.11
60-69 2012-2016 -10.6 -23-3.8 0.1 2016-2020 12.6 -0.7-27.6 0.06
70-79 2012-2020 4.5 -1.4-10.7 0.12
>80 2012-2020 11.6 -2.6-27.9 0.10
Male 0-19 2012-2020 0.6 -0.5-11.8 0.90
20-29 2012-2020 -0.9 -7.7-6.5 0.78
30-39 2012-2018 -16.7 -19.8--11.4 <0.01 2018-2020 34.4 -4.6-89.5 0.08
40-49 2012-2018 -18.2 -22.6--135  <0.01 2018-2020 28.4 -17.8-100.6 0.20
50-59 2012-2018 -14.0 -17.3--10.56  <0.01 2018-2020 16.6 -11.3-63.3 0.19
60-69 2012-2015 -12.8 -18.1--7.0 <0.01 2015-2020 -1.1 -3.9-1.8 0.35
70-79 2012-2015 -14.1 -27.9-2.5 0.08 2015-2020 6.3 -1.6-14.7 0.09
>80 2012-2020 4.9 1.0-8.9 0.02
CCA
Female 20-29 2012-2020 1.5 -4.2-7.6 0.56
30-39 2012-2020 24 -0.4-5.2 0.09
40-49 2012-2020 -0.6 -2.4-1.2 0.43
50-89 2012-2020 -1.1 —2.3-0.1 0.08
60-69 2012-2020 -4.8 -5.6--3.9 <0.01
70-79 2012-2020 -0.8 -2.3-0.7 0.26
>80 2012-2020 0.1 -1.2-1.3 0.90
Male 20-29 2012-2020 —6.6 -21.3-11.0 0.38
30-39 2012-2020 1.1 -2.8-5.0 0.54
40-49 2012-2020 —1.5 —2.9-0 0.05°
50-59 2012-2020 -3.6 -4.0--3.2 <0.01
60-69 2012-2020 4.2 -5.3--3.1 <0.01
70-79 2012-2020 -1.2 -2.3-0 0.05
>80 2012-2020 —0.5 -1.4-0.3 0.19

?Final selected models from Joinpoint are shown.
®APC: annual percentage change.
°Real value: 0.047.

nensis. Areas around the 4 major rivers of Korea (Nakdong,
Seomjin, Geum, and Yeongsan) tended to have higher infec-
tion rates of clonorchiasis. In comparison, Gyeonggi-do,
which has the highest average population, had a relatively low
rate of infection. Even though the Han River flows through
this province, Gyeonggi-do is presumed to be highly industri-
alized and urbanized relative to the other provinces.

CCA showed the highest rate in metropolitan Seoul, fol-
lowed by Gyeonggi-do. Both areas have high populations. Af-
ter adjusting for population, Seoul remained high, while
Gyeonggi-do had a very low rate. This could be explained by
its proximity to Seoul, where most major tertiary hospitals are

located, and cancer patients might have been referred to Seoul.
In addition, adjusted CCA rate was also high in the districts
around the 4 major rivers, reflecting that clonorchiasis is one
of the major risks for CCA. Surprisingly, Jeju-do also had a
high rate of CCA. The area is a province, but being a semi-trop-
ical island in the southern part of Korea, where a favorite travel-
ling destination because of its agreeable weather, including
medical tourism. A large influx of patients, seeking comfort or
recuperation, might have played a role in the high rate of CCA.
Cluster analysis mostly confirmed these results. However, an
interesting finding was noted for CCA. Seoul was the MLC for
CCA as expected, but the next following cluster was a joint one
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Fig. 4. Correlation between clonorchiasis and CCA for 2012-
2020. (A) The diseases are positively correlated, but weak when
all districts of Korea are taken as a whole. r(148)=0.39, P<0.001.
(B) Strong positive correlation is observed in the study areas
(Gyeongsangbuk-do, Gyeongsangnam-do, Jeollanam-do, Chun-
gcheongnam-do) around the 4 major rivers (Nakdong, Seomijin,
Geum, Yeongsan). r(34)=0.74, P<0.001.

that included all the southern regions. Besides being the
warmer parts of Korea, 4 major rivers flow through this region.
Multivariate analysis showed that the Gyeongsang region and
its major cities constitute a joint cluster and was the MLC for
both diseases. Gwangju, one of the main cities of Jeolla region
where 2 major rivers, the Yeongsan and Seomjin Rivers flow,
was also a cluster. It might have functioned as the main medi-
cal hub for the surrounding areas, therefore all of the compli-
cated cases would have ended up here.

In the correlation study between clonorchiasis and CCA for
2012-2020, the diseases were positively correlated, but weak
when all districts of Korea were taken as a whole. However, a
strong correlation between them was observed when the re-
gions (Gyeongsangbuk-do, Gyeongsangnam-do, Jeollanam-
do, Chungcheongnam-do) around the 4 major rivers were an-
alyzed.

Although the Gyeongsang region in the southeastern part of
Korea had a high rate of clonorchiasis, it showed a decreasing
trend. This is similar to the results of a recent study that inves-
tigated the status of C. sinensis infection around the 5 major
river basins [29]. The dramatic decrease of infection rates of C.
sinensis was observed around the 5 river basins of Nakdong,
Seomjin, Geum, Yeongsan, and Han River from 2011 to 2020,
but it was still relatively high around the Seomjin River [29].
The Korea Centers for Disease Control (KCDC) have been im-
plementing efforts to reduce intestinal helminthiases and clo-
norchiasis nationwide, especially in endemic regions since
2005 [30]. KCDC tests about 50,000 people annually, and
makes it possible for test-positive people to receive treatment,
thus contributing to a 3 fold lower egg positive rate of C. sinen-
sis in endemic areas [29]. Control measures of the responsible
health authorities and increasing public awareness might have
played a positive role in preventing the infection.

Unlike the southeastern, the southwestern Jeolla region
showed an increasing trend. Compared to the Gyeongsang
are, this area is more rural and less industrialized, largely de-
pending on agriculture. Interestingly, like the spatial cluster
analysis, CCA also showed an increasing trend in Jeollanam-
do and Gwangju. Incheon is a major metropolitan city, but
the fact that the areas located in the lower reaches of the Han
River are relatively rural, and together with its large population
might have contributed to its increase of both clonorchiasis
and CCA. The Daejeon/Sejong joint cluster also had a decreas-
ing trend for CCA. Sejong, inaugurated in 2012, is a fairly new
and specialized city with mainly public and administrative or-
ganizations. Besides its small population, the population com-
position tends to be different from other districts, so these fac-
tors have possibly skewed the data. Overall, cluster analysis re-
vealed various regional trends of the 2 diseases that overlapped
in the southern regions of Korea.

Clonorchiasis occurs mainly in people who eat raw or un-
dercooked fish that are infected with the metacercaria(e) [31].
Korean men tend to eat more raw freshwater fish than Korean
women, but contrary to expectations, clonorchiasis showed a
significant decrease in both men and women until 2018. The
trend was significant in middle-aged adults. However, an in-
creasing trend was observed after 2018, although not signifi-
cant. The recent interest in trekking, hiking, wildlife experienc-
es, and related outdoor life with inadvertent consumption of
improperly prepared fish that was believed to be safe might
have played a role. Elderly men, 80-year-old and over, also
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showed a significant increasing trend. Lower awareness or
poor access to health facilities might have been responsible.
The health authorities” attention and health control measures
for this age group seem necessary. Although its incidence is
high in endemic regions, clonorchiasis has also been increas-
ingly observed in non-endemic regions as well. The cause of
this phenomenon can be deduced from some literatures and a
case report of adult worm isolation from a patient without any
known risk factor [32-34]. In a recent survey, women had a
higher rate of indirect infection than men both in endemic
and non-endemic areas, and also over 4% of patients with C.
sinensis infection in this survey had no known risk factor [34].
Therefore, it should be emphasized that C. sinensis infection in
non-endemic areas may be caused by poor personal hygiene,
contaminated hands, and/or utensils.

The causes of CCA vary, but the strongest risk factor was
choledocholithiasis, followed by cholelithiasis, according to a
recent prospective cohort study in Korean adults [35]. CCA
appears to be decreasing in this study, but the risk of cancer
development due to prolonged choledocholithiasis associated
with liver fluke still remains. Regular monitoring and labora-
tory tests of high-risk patients are required [36,37].

Initially when evaluating the relationship between clonor-
chiasis and CCA, all the districts of Korea were selected to ob-
serve whether a correlation existed. This preliminary study
showed a positive correlation, but it was weak (r=0.39,
P<0.001). However, strong positive correlation was observed
when the areas were limited to the areas (Gyeongsangbuk-do,
Gyeongsangnam-do, Jeollanam-do, and Chungcheongnam-
do) around the 4 major rivers (r=0.74, P<0.001) (Fig. 4B).
Taken altogether, the present study shows that clonorchiasis
and CCA are associated with one another. Correlation does
not imply causation, but various studies have suggested that
clonorchiasis is a known risk factor for CCA [5,7,8,10-13,31].
Our study confirms the results of such prior studies and also
reveals an interesting finding that might contribute to the gen-
eral understanding of the relationship between these 2 diseases.

Besides C. sinensis, a species in the Opisthorchiidae family,
Opisthorchis viverrini in SouthEast Asia and Opisthorchis felineus
in rural Western Siberia are also known to be related to the de-
velopment of CCA [38,39]. C. sinensis is also endemic to
North Korea, which is adjacent to China and Russia, but un-
fortunately, there are few data available on CCA development
related to clonorchiasis, except for a small sample size study
that showed high serological finding of clonorchiasis [40]. It

would be helpful in the estimation and surveillance of the in-
cidence rate of C. sinensis in both South and North Korea, in-
cluding global trends.

HIRA data are useful in studies with large scale data where
randomized control trial is not possible, which exclude specif-
ic populations such as minorities and specific disease popula-
tion [41,42]. Although this study was conducted using HIRA
data that has a large sample size representing the entire popu-
lation of Korea, the present data lack some information such
as disease severity, laboratory, and health behaviors including
locality, where information on residence may not be reliable
because it is collected based on the location of providers. A pa-
tient may have received healthcare service in an area different
from where the patient actually lives. This has an important
implication in that the data might be biased. The administra-
tive districts according to the Korean government can be
roughly divided into major cities and provinces, which are
mostly rural. A patient with a significant disease such as CCA
living in one of these provinces might well visit a nearby major
city with tertiary medical health system, thus skewing the data.
This problem is even more pronounced with Seoul, the capital
of Korea, where most healthcare systems are concentrated.
However, an advantage of our study is that assessments are
done through a cluster that determines a percentage of the
population at risk within its boundaries. In this respect, we de-
termined regional and temporal patterns of clonorchiasis in
the key regions around the 4 major river basins using repre-
sentative clinical data from all of Korea.

In conclusion, the management for clonorchiasis as a na-
tional project had been progressing during the last decade, and
its incidence and prevalence are decreasing thanks to these ef-
forts. However, the southern regions of Korea still had a high
and increasing infection rate, and the elderly male were high-
risk group. The relationship between clonorchiasis and CCA
has been established by many studies, and we have further
shown the correlation between them, including areas where
clonorchiasis in not known to be endemic. Although CCA is
significantly higher in areas where C. sinensis infestation is en-
demic, non-endemic rural areas should also be investigated.
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