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Abstract

This paper reviews the epidemiological status and characteristics of clonorchiasis at global level and the etiological
relationship between Clonorchis sinensis infection and cholangiocarcinoma (CCA). A conservative estimation was
made that 15 million people were infected in the world in 2004, of which over 85% distributed in China. The
epidemiology of clonorchiasis is characterized by rising trend in its prevalence, variability among sexes and age, as
well as endemicity in different regions. More data indicate that C. sinensis infection is carcinogenic to human, and it
is predicted that nearly 5 000 CCA cases attributed to C. sinensis infection may occur annually in the world decades
later, with its overall odds ratio of 4.47. Clonorchiasis is becoming one major public health problem in east Asia,
and it is worthwhile to carry out further epidemiological studies.
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Review
Liver flukes are a polyphyletic group of trematodes
(phylum Platyhelminthes), including Clonorchis sinensis,
Opisthorchis viverrini and Opisthorchis felineus from family
opisthorchiidae and Fasciola spp. from family fasciolidae
[1-4]. Here, opisthorchiidae, especially C. sinensis is focused
on, so liver flukes are specially termed to this family. Adults
of liver flukes, localizing in the liver of various mammals
including humans, produce eggs which are passed into the
intestine. Most of the parasites live in bile ducts, gallbladder
and liver parenchyma, causing liver and biliary diseases.
Human beings are infected through ingestion of raw or
undercooked fish which contains the metacercariae of liver
flukes (Figure 1) [1-4].

Cholangiocarcinoma (CCA) is a cancer of the bile
ducts. Recent evidences support the fact that CCA is
the most severe complication of liver fluke infection,
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and C. sinensis and O. viverrini infections are both clas-
sified as “carcinogenic to humans” (Group 1) by the
International Agency for Research on Cancer (IARC) in
2009 [5,6].

Due to the absence of definite information on geo-
graphical distribution and disease burden, their public
health impact has been underestimated for a long time
[7]. Here we review the global epidemiological status
and characteristics of clonorchiasis and the etiological
relationship between C. sinensis infection and CCA.

Epidemiology of clonorchiasis
Distribution
Clonorchiasis is predominantly endemic in east Asia,
but it may also occur in other regions where there are
immigrants from endemic areas [8]. Due to the growth
and movement of population and the rapid development
of aquaculture, the fact of clonorchiasis hindering the
local economic development is increasingly notified [2,7].
Three large-scale surveys for clonorchiasis have been
carried out in mainland of China. The prevalence of clo-
norchiasis was 0.37% according to the first national
parasite survey involving in 30 Provinces/Municipalities/
Autonomous Regions (P/M/As) between 1988 and 1992
(hereinafter referring as 1992) [9]. Then, it increased to
0.58% in the second national parasite survey involving in
31 P/M/As between 2001 and 2004 (hereinafter referring
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Figure 1 Raw freshwater fish consumed by human beings. The
outer layer is raw flesh which has not been cooked anyway, while
the inner one is skin of fish which has only been blanched in hot

water within a few seconds.
A\ J

as 2004a) [10,11]. Meanwhile, another special survey
for clonorchiasis in 27 endemic P/M/As was carried
out between 2002 and 2004 (hereinafter referring as
2004b), which showed the prevalence was 2.40% and the
population infected were 12.49 million [10,11]. The 2004b
special survey aimed at clonorchiasis and three Kato-Katz
smears were examined for each fecal sample, while the na-
tional surveys didn’t focus on C. sinenmsis but rather
detected any parasite species in a single Kato-Katz smear.
Hence, result from the special survey was more reaso-
nable. Clonorchiasis was also endemic in Taiwan, mainly
located in Miao-li in the north, Sun-moon Lake in the
middle and Mei-nung in the south [12,13] and a preva-
lence of 0.4%-1.0% was estimated [1]. Thus, a conservative
estimation was made that 89 000 people were infected in
2004 among the total population of 22.28 million [14].
Based on the hospitalized cases in two hospitals in
Hong Kong between 1990 and 1997, out of the 1 782 cases
with intestinal parasitic diseases, 1 162 (65.21%) were
infected with C. sinensis [15]. According to the estimation
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was 333 000 [8]. From 1958 to 1991, five local surveys
were implemented in Macao and the prevalence varied be-
tween 1.40% and 19.09%. Furthermore, it showed that
13.00%-18.87% people examined in the Laboratory of Pub-
lic Health in Macao were infected with C. sinensis between
1991 and 1997 [16]. It was estimated that 21 000 persons
were infected with C. sinensis in Macao in 1995 [8]. Con-
sequently, a conservative estimation of population with
clonorchiasis in China was 12.93 million in 2004 (Table 1).
It was similar to the estimation of 15 million by Lun et al.
through analyzing the literature, but the data extracted
from the literature spanned quite a long time and were
discrepant from the nationally sampling survey in some
areas [1].

In the Republic of Korea, clonorchiasis has been becom-
ing a predominant parasitic disease recently. According to
the nationally sampling survey in 2004, the total population
infected with helminthiases was 1.78 million, of which 1.17
million was with clonorchiasis [17]. In addition, another
large scale survey along the 4 major rivers in southern
areas in 2006 showed the prevalence reached 17.1%
in Nakdong-gang, 11.2% in Seomjin-gang, 5.5% in
Youngsan-gang and 4.6% in Guem-gang [18].

Vietnam is another important endemic area for liver
flukes, where clonorchiasis and opisthorchiasis coexist
[19]. It was estimated that 1 million people in Vietnam
were infected with clonorchiasis in 1995 [8]. According
to the newest report by De et al., clonorchiasis is en-
demic in 21 northern provinces, while opisthorchiasis
in 11 southern provinces [20]. The prevalence of clonor-
chiasis in northern areas varied from 0.2% to 40.1%.
Nevertheless, no nationally sampling survey has yet been
implemented and most of the surveys were small scale
and non-sampled [19]. Furthermore, it is argued many
so-called C. sinensis infected cases are actually infected

by WHO in 1995, the population infected in Hong Kong  with other intestinal trematodes [21]. Thus, it is
Table 1 The estimated population infected with C. sinensis globally in 2004
Region 1990s" 2004 Note
Male Female Both
China Mainland 4701000 7870000 4620000 12490000 Reference [10] and [11]. The infected of the male and female is
deduced from the sex ration of 1.0674 [14] and the respective
prevalence of 2.94% and 1.84% [10,11].
Taiwan NK 56155 32965 89120 The total infected is deduced from a conservative prevalence of
0.40% [1] and the total population of 22.28 million [14]. The
estimation for different sexes refers to that in mainland of China.
Hong Kong 333000 209825 123175 333000 The total infected adopts the estimation by WHO report in 1995
Macao 21000 13232 7768 21000 [8] anq the estimation for different sexes refers to that in mainland
of China.
the Republic of Korea 950000 782383 391841 1174224 Reference [17].
Vietnam 1000000 630104 369896 1000000 The total infected adopts the estimation by WHO report in 1995
Russia 3000 1890 1110 3000 [8] anpl the estimation for different sexes refers to that in mainland
of China.
Total 7008000 9563589 5546755 15110344

# According to the figure issued by WHO in 1995 [8]. NK: Not known.
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challenging to arrive at an exact figure of population
infected with clonorchiasis in Vietnam. However, taking
into consideration of such factors as a huge population at
risk (33 million [22]), local habit of eating raw or under-
cooked fish [21,23], and rapid growth of freshwater fish
production [2], 1 million people estimated to be infected
with clonorchiasis should not be unreasonable.

C. sinensis is also endemic in far east area of Russia
and the population infected estimated by WHO in 1995
were about 3 000 [8]. Additionally, 1.22 million people
were estimated to be infected with O. felineus [8]. How-
ever, the current status in Russia remains unclear.

Recently, eggs of C. sinensis were detected from hu-
man feces through PCR-based method in O. viverrini
endemic area of Thailand [24]. It was found only 64%
individuals were infected with O. viverrini and additional
23% with C. sinensis. This extended the traditional know-
ledge of clonorchiasis. Therefore, whether C. sinensis
is also endemic in other traditional endemic areas of
O. viverrini or O. felineus deserves more attention and vice
versa.

Little is known on the epidemiological situation of clo-
norchiasis in Democratic People’s Republic of Korea
(DPRK). To our best knowledge, only one article has
attempted to explore this problem [25]. Out of 137 pa-
tients from a hospital in Cheongjin-shi, Hamgyeongbuk-
do, DPRK, 27 were positive for clonorchiasis using ELISA
test. Furthermore, among 133 female immigrants from
DPRK to the Republic of Korea, 4 were with clono-
rchiasis by the same test. Because clonorchiasis was
highly endemic in the northeast of China and the Republic
of Korea both neighboring to DPRK, and the Korean
nationality in the former two countries loves eating
raw fish [10,11,17,18], it is probable that clonorchiasis is
also an important parasitic disease in DPRK. However, it
is difficult to predict the epidemiological situation.

Dozens of clonorchiasis cases have been documented in
Malaysia [26-28]. In addition to human cases, infections in
cats and farmed fish were also reported [29-31]. However,
two local snail species - most likely to act as the intermedi-
ate host - were not susceptible to infection [29]. Therefore,
local transmission is remaining controversial. Nevertheless,
such disease should not be neglected due to high popular-
ity of eating raw fish in traditional festivals [27].

During 1947-1950, C. sinensis occurred in 19 prefectures
of Japan. Owing to integrated control programme, clo-
norchiasis has been successfully controlled. In 1991, no
case was found in 1 million stool samples examined [8].
Nowadays, only occasional cases were reported [32,33].
Apparently, clonorchiasis is no longer endemic in Japan.

There are also case reports in other parts of Asia
[34,35], Europe [36-46], North America [47,48], South
America [49-51], Australia [52] and even Africa [53].
Those reported cases usually were symptomatic, even with
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severe complications. Due to the lack of knowledge
among population and medical organizations and reports
bias-tendency to report those with complications, the ac-
tual number of persons infected should be higher. The
reported cases were mainly immigrants from endemic
countries or travelers who had visited endemic countries
and eaten raw or undercooked fish.

In summary, clonorchiasis was predominantly endemic
in China, the Republic of Korea, Vietnam and part of
Russia. It is also probably endemic in DPRK and possibly
in Malaysia. The situation in other traditional O. viverrini
or O. felineus endemic areas is not yet clear. Sporadic
human cases are also reported from other countries either
due to international travelling or owing to immigration.
The conservative estimation of population infected with
C. sinensis reached 15 million in 2004 globally, of which
over 85% were in China (Table 1).

However, the figure of clonorchiasis in the globe may
be complicated by several reasons. First, the eggs of
C. sinensis, O. viverrini and O. felineus are morphologic-
ally similar and difficult to be distinguished under micro-
scopic examination [3,54,55]. Based on recently developed
PCR test, C. sinensis was also detected in traditional O.
viverrini endemic areas [24]. Therefore, C. sinensis is prob-
ably occurring in traditional endemic areas of O. viverrini
and O. felineus, which was neglected previously and vice
versa. In addition, some minute intestinal flukes whose
eggs assemble that of C. sinensis also complicate the
diagnosis of clonorchiasis [55]. Second, examination
techniques contribute to the underestimation of preva-
lence of clonorchiasis. Current diagnoses are mainly
based on fecal examination which is the “gold” standard,
particularly Kato-Katz technique and formalin ether
technique. However, many studies showed there existed
false negative result using these techniques for schis-
tosome, soil-transmitted helminths, as well as O. viver-
rini, especially in low infection intensity [56-61]. Third,
early data pertaining to clonorchiasis in some areas may
also cause underestimation. Due to the usual resistance to
modifying food habit and the growing population in en-
demic areas, it is reasonable to assume that the population
infected is increasing [7]. However, the early data in 1990s
were employed to estimate the status of clonorchiasis in
Hong Kong, Macao, Vietnam and Russia. Furthermore,
the potential endemicity in DPRK and Malaysia is
excluded from the estimation.

Increasing trend in prevalence

Compared to the estimation of 7 million population in-
fected with clonorchiasis in 1990s [8], the number in
2004 had doubled. Drastic increase occurred in mainland
of China, from 4.70 million to 12.49 million [8,10,11]. The
prevalence in the Republic of Korea fluctuated, which
declined from 4.6% in 1971 to 1.4% in 1997 and bounced
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to 2.4% in 2004 [17]. The pattern in Vietnam and other
areas is unclear. In the endemic areas, on the one hand it
is difficult for the elder preferring eating raw fish to modi-
fy diet habit, and on the other hand the younger gradually
get accustomed to this habit. Furthermore, the growth of
population and freshwater fish aquaculture are other im-
portant contributors. There was a growth of 102 million
population in the three major endemic areas, namely
China, the Republic of Korea and Vietnam from 1995 to
2004 [62]. Meanwhile, the production of freshwater fish
has increased by 55%, 116% and 91% in the aforemen-
tioned countries [63].

Variability among sexes and age

The prevalence in the male is generally higher than that
in the female. According to the special survey in 2004b
in endemic areas of mainland of China, the prevalence
was 2.94% in the male, while it was 1.84% in the female
(Figure 2) [10,11]. The prevalence was 3.21% and 1.62%
in the male and female respectively in the Republic of
Korea’s national survey in 2004 [17], and 13.60% and
8.90% along 4 major rivers in 2006 [18]. Similarly, it was
found that the prevalence in the male was 2—-3 times or
more than that in the female in local surveys in Vietnam
[19]. Accordingly, among 15 million population infected,
9.6 million are male and 5.5 million are female (Table 1).
The infection intensity is also higher in the male than
that in the female. Taking the special survey in mainland
of China in 2004b for example, those with moderate and
heavy intensity (eggs per gram of feces>1 000) ac-
counted for 28% in the male, while it was only 15% in
the female [10,11].

The prevalence increases with age and reaches the
highest in the age group of 50-59 (Figure 3) [10,11,17,18]
or 40-49 (in local surveys in Vietnam) [19]. Similarly, the
infection intensity also reaches the peak in the age group
of 50-59 [10,11].

16.00
14.00 | S
12.00 F
£ 10.00 | 8.90
8
§ 8.00 -
g 6.00 | = Male
g s
Female
400 - 294 321
1.84
. l .I.bZ
0.00 - S
Mainland of  the Republic of the Republic of
China (27 Korea Korea (along 4
P/M/As) 2004b  (nationwide) major rivers)
2004 2006
Figure 2 The variance of prevalence of clonorchiasis by sexes
in mainland of China and the Republic of Korea.
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The distribution characteristics among sexes and age
are mainly related to social customs, in other words,
human raw-fish-eating behavior, and no yet evidence of
concomitant immunity has been found to play important
roles [64]. Raw fish is often consumed at restaurants or
social parties, which the male have more chance to partici-
pate in [11,23,64,65]. Moreover, raw fish are often enjoyed
over alcohol, which is more common among the male
than the female and excludes children [7,64]. Further-
more, adult worms can survive in the body for decades
[52,64]. Consequently, the exposure of the adult male is
higher and so does the worm load, which leads to higher
prevalence and infection intensity. However, in some local
high endemic areas (prevalence over 60%), there is no sig-
nificant difference in prevalence by sexes [66,67]. The de-
cline of prevalence in those older than 60 (50 in local
surveys of Vietnam) is probably due to the early death
caused by clonorchiasis-related complications [68]. We
also argue that elderlies seek for medical services more
frequently due to clonorchiasis-related complications or
unrelated diseases, and then accept diagnosis and treat-
ment. It’s not surprising that the peak of O. viverrini infec-
tion also occurs in the age group of 50-59 in Thailand-the
most endemic area of O. viverrini with an overall preva-
lence of 8.7% and over 6 million infected [22,69,70]. Al-
though at low level, some children is also infected. In
some areas of China, children like to ingest incompletely
roasted small fish and get infected [10]. In the Republic of
Korea, sometimes children are given raw fish by their
mothers who think raw fish can make their children
strong in traditional ideas [64,71]. However, in other areas,
children are usually not allowed to eat raw fish [23].

Endemicity

Due to different distribution of intermediate host and
food habit, the distribution of clonorchiasis also varies in
different areas, measured by endemicity. In a global view,
it mainly distributes in China, the Republic of Korea



Qian et al. Infectious Diseases of Poverty 2012, 1:4
http://www.idpjournal.com/content/1/1/4

and Vietnam. However, the prevalence is various even
in the same country. There are two major endemic
regions in China, i.e. the southeast including Guangdong
and Guangxi, and the northeast including Heilongjiang,
Jilin and Liaoning, with the prevalence of 16.42%,
9.76%, 4.73%, 2.90% and 0.80%, respectively (Figure 4)
[10,11]. The top four endemic areas in the Republic
of Korea are Gyeongsangnam-do (11.3%), Daejeon (6.9%),
Chungcheongnam-do (6.8%) and Jeollanam-do (6.2%),
while there is no infection in Jeju-do (Figure 4) [17]. To
current knowledge, clonorchiasis is endemic in 21 nor-
thern provinces of Vietnam (Figure 4) [20].

Thus, the distribution range of C. sinensis is mainly
consisted of two epidemic zones. The first zone includes
the southeast of China and the northern area of
Vietnam, and the second one covers the northeast of
China, the Republic of Korea, part of Russia and probably
DPRK (Figure 4). The first zone neighbors to the endemic
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area of O. viverrini (mainly in Thailand, Laos, Cambodia
and the southern part of Vietnam [2,4,8,19,20,22,69,70]),
while the second one is adjacent to that of O. felineus
(mainly in Russia [2,4,8,72]).

Association of C. sinensis infection with CCA

CCA, usually with poor prognosis, is a primary hepatic
malignancy arising from bile duct epithelium and ranks
the second most common primary hepatic malignancy
[73-75]. The incidence of CCA varies greatly among dif-
ferent areas of the world and so does the constituent
ratio of CCA in hepatic malignancy, which is related to
the distribution of risk factors [76,77]. Liver fluke infec-
tion is just one important factor [74,76-78]. In 1994,
C. sinensis and O. viverrini were classified as “probably
carcinogenic to humans” (Group 2A) and “carcinogenic
to humans” (Group 1) by IARC, respectively [79]. Based
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Figure 4 The global distribution of three major species of liver flukes, i.e. C. sinensis, O. viverrini and O. felineus. This map focuses on the
endemicity of C. sinensis in China, the Republic of Korea and the northern part of Vietnam.
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on more evidences, C. sinensis is reassessed as “carcino-
genic to humans” (Group 1) in 2009 [5,6].

The epidemiological studies

Many reports on C. sinensis infection-related CCA have
been documented. Cited here are 8 cross-sectional or
case—control studies and relevant important information
is extracted and listed in Additional file 2 [80-87].

During 1960s and 1970s, three cross-sectional studies
were carried out in Hong Kong and the Republic of
Korea, which preliminarily showed the probable carci-
nogenesis of C. sinensis infection to human (Group 2A)
[80-82]. Three case—control studies in the Republic of
Korea were then published between 1996 and 2008,
which promoted the reassessment of it as “carcinogenic to
humans” (Group 1) in 2009 [83-85]. Recently, another two
case—control studies have also been reported in mainland
of China, which further demonstrated the etiological rela-
tionship [86,87].

Some aspects deserve being emphasized. Firstly, ideally,
the case and control represent the source population,
otherwise there exists bias. C. sinensis infection mainly
causes liver and biliary diseases, of which gallstone is very
frequent [88,89]. Thus, the criteria for inclusion and ex-
clusion of subjects are important. However, in one cross-
sectional study, the control consisted of those with liver
disease, which biased to include those with C. sinensis in-
fection [81]. In another case—control study, persons with
stones in the bile ducts were excluded from the case,
which biased to exclude those infected with C. sinensis
[84]. Furthermore, in the same case—control study, many
patients with alcohol induced pancreatitis were inclu-
ded as controls although they didn’t have hepatobilia-
ry diseases. However, it may also bias to include those
with C. sinensis infection in the control. On the one hand,
C. sinensis infection can induce pancreatitis [3,90-95]. On
the other hand, raw-fish-eating habit is associated with al-
cohol drinking [7,64]. Therefore, the relationship intensity
(odds ratio, OR) may be underestimated in above two
studies. Secondly, the determination of exposure is an-
other important problem, which may cause misclassi-
fication bias. When stool examination is adopted, the
misclassification is prone to occur in the case, because bile
obstruction usually occurs in CCA cases. For example, bile
obstruction occurred in more than half of cases in one
study, which led to contrary results when stool exami-
nation and pathological examination were adopted, re-
spectively [84]. Additionally, the development of cancers
is chronic with a long process and past exposure may also
be risk factor. Therefore, serologic test and radiologic
examination may be more sensitive, as past infection can
also be detected [84]. It is regretting that no definite
method for determining exposure was mentioned for the
two studies in mainland of China [86,87].
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In addition to the studies listed in Additional file 2, one
ecological study carried out in the Republic of Korea also
showed the positive relationship [96]. The prevalence of
clonorchiasis in Chuncheon, Chungju and Haman was
2.1%, 7.8% and 31.3%, respectively, while the incidence of
CCA was 0.3/100 000, 1.8/100 000 and 5.5/100 000, the
proportion of CCA in liver cancer was 1.4%, 8.9% and
13.2%, respectively. Furthermore, another case—control
study was reported in mainland of China, but C. sinensis
infection had only been tested in cases rather than
controls [97].

Estimation of CCA cases attributable to C. sinensis
infection

The estimation of CCA cases attributed to C. sinensis in-
fection can be based on either formula below: [98,99]

CCAs attributed to C.sinensis
= population infected
x CCA incidence of uninfected
x (odds ratio — 1) (1)

CCAs attributed to C. sinensis
= totalCCAs

{ C.sinensis prevalence rate * (odds ratio-1)

* 100%

(2)

Although different parameters are necessary in
formula (1) and formula (2), the prevalence of C.
sinensis and the population infected could be con-
verted mutually. Obviously, no matter which formula
is applied, the relationship intensity, namely OR, is of
crucial importance.

Based on the studies shown in Additional file 2, the
comprehensive OR can be deduced through meta-analysis.
Original OR rather than adjusted one in each study is
applied, because those studies had different objectives and
designs and took into consideration of different as-
pects. The overall OR is 4.47 (95% CL: 2.61-7.66) (RevMan
software, http://ims.cochrane.org/revman) (Figure 5). Other
researchers have done similar analysis. It was 4.65 (95% CI:
2.21-9.79) through meta-analysis of the related studies
in the Republic of Korea [99], while it was 4.84 (95%
CI: 2.79-8.41) after including those studies pertaining
to O. viverrini infection and CCA [77,100-103].

Shin et al. have managed to estimate clonorchiasis-
induced CCA in the Republic of Korea [99]. Due to lack
of CCA data in other C. sinensis endemic areas, that in
the Republic of Korea will be extrapolated (Table 2).
Firstly, based on formula (2), the number of CCA cases in
the Republic of Korea (2 166 male and 1 440 female in
2005 [99]), C. sinensis prevalence (3.7% in the male and
1.6% in the female in 1981 [17]) and the overall OR (4.47),

[C.sinensis prevalence rate x (odds ratio-1)] + 1
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Figure 5 Meta-analysis of relationship intensity (OR) between C. sinensis infection and CCA. Events denote C. sinensis infection.

it is estimated that 246 male and 76 female CCA ca-
ses attributed to C. sinensis infection occurred in the
Republic of Korea in 2005. Secondly, according to the
clonorchiasis-related CCA cases occurring in the Republic
of Korea in 2005 and the population infected with C.
sinensis in 1981, the incidence of CCA among C. sinensis
infected population is deduced, namely 35/100 000 and
25/100 000 in the male and female, respectively. Thirdly,
after multiplying the global population infected, the global
CCA cases attributed to C. sinensis infection are captured,
namely 4 726, of which 3 345 are male and 1 381 are
female (Table 2). It must be cautious that the morbidity of
cancer is a chronic progress spanning several decades.
Thus, the prevalence of C. sinensis in 1981 was adopted,
while CCA cases in 2005 were applied [99]. Likewise, the
deduced global clonorchiasis-related CCA cases may
occur several decades later theoretically.

One obvious limitation is that no individual OR has
been available for the male and female, respectively. In the
study focusing on the relationship between O. viverrini in-
fection and CCA, it was found the higher the infection in-
tensity, the higher the OR [102]. Furthermore, compared
to the female, the male infected have higher infection
intensity as was depicted above [10,11]. Thus, it is rea-
sonable to assume different ORs should be offered for dif-
ferent sexes. However, due to lack of such data, only the
same OR is adopted here.

Conclusion

A conservative estimation was made that 15 million peo-
ple were infected with C. sinensis in 2004 in east Asia, es-
pecially in China, the Republic of Korea and Vietnam,
which may cause nearly 5 000 CCA cases annually in
the future. Although the population infected is relatively
smaller compared to schistosomiasis and soil-transmitted
helminthiases, the distribution is highly concentrated in
several Asian countries, where the public health is being
threatened severely. Furthermore, the impact is increasing
and expanding to non-endemic areas due to the growth

and movement of population and the rapid development
of aquaculture. Thus, it is listed among the most neglected
tropical diseases [7,104]. Fortunately, the evaluation on
the burden of food-borne diseases was launched by WHO
in 2006 and clonorchiasis and other liver fluke diseases
were included [105]. The assessment of disease burden
promotes the awareness of harm, adoption of intervention
and evaluation of cost-effectiveness. Epidemiological data
are the basis of assessment of disease burden. Only when
the data are available, can disease burden be calculated
objectively. CCA is the most severe and fatal outcome
caused by C. sinensis infection, which predominantly con-
stitutes the mortality lost of disease burden in term of
disability-adjusted life years [106]. Therefore, the epi-
demiological data on CCA is also crucial. It is expected
the deduced data on population infected and CCA cases
here will benefit the evaluation of disease burden of clo-
norchiasis, which will promote the control and prevention
ultimately.

However, further researches on epidemiology of clo-
norchiasis and CCA should be carried out. Although
nation-wide surveys have been carried out in China and
the Republic of Korea, the epidemiological status in
Vietnam is not yet clear and thus nationally sampling
survey would be expected. Whether there exist local
transmission and even epidemicity in DPRK and Malaysia
also needs to be solved. Another important issue is the
species discrimination, which may turn to the molecular
biology techniques. Now that Kato-Katz technique is still
the major diagnosis method as it is pathogen-oriented,
convenient and at low cost, how to reduce the underesti-
mation especially in low infection level is important. The
accurate evaluation of prevalence will promote the adop-
tion of suitable intervention and objective evaluation of
disease burden. New techniques such as model simulation
may deserve being introduced. Further studies on the rela-
tionship between C. sinensis infection and CCA are also
expected, especially the separate OR for different sexes.
The determination of exposure should also be further



Table 2 The estimated incidence of CCA among population infected with C. sinensis and CCA cases attributable to C. sinensis infection globally

Sex Total CCA cases C. sinensis OR (95% CI) CCA cases Population in Population infected  CCA incidence  Global population CCA cases
in the Republic prevalence in attributable to the Republic of in the Republic of in infected infected in 2004 attributable to
of Korea in 2005"  the Republic C. sinensis infection  Korea in 1981* Korea in 1981 (per 100 000) C. sinensis infection
of Koreg in in the Republic of (95% Cl) Globally (95% ClI)
1981 Korea (95% Cl)

Male 2166 3.70% 447 (2.61-7.66) 246 (122-428) 19041203 704525 35 (17-61) 9563589 3345 (1653-5813)

Female 1440 1.60% 447 (261-7.66) 76 (36-139) 19013400 304214 25 (12-46) 5546755 1381 (659-2528)

Total - - - - - - - - 4726 (2312-8341)

#Reference [99]; "Reference [17]; *Reference [62].
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approached. The progress of CCA is chronic and compli-
cated in which various factors are involved. Consequently,
the public health impact of clonorchiasis is remarkably
indicated by the above mentioned result that the deduced
CCA cases are significantly attributed to C. sinensis infec-
tion with an overall OR of 4.47, although the result here
may not be highly accurate. As it should be, new methods
are expected to be applied and more accurate data to be
captured.
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