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Liver Flukes: the Malady Neglected
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Liver fluke disease is a chronic parasitic inflammatory disease of the bile ducts. Infection occurs through ingestion
of fluke-infested, fresh-water raw fish. The most well-known species that cause human infection are Clonorchis sinensis,
Opisthorchis viverrini and Opisthorchis felineus. Adult flukes settle in the small intrahepatic bile ducts and then they live
there for 20-30 years. The long-lived flukes cause long-lasting chronic inflammation of the bile ducts and this produces
epithelial hyperplasia, periductal fibrosis and bile duct dilatation. The vast majority of patients are asymptomatic, but the
patients with heavy infection suffer from lassitude and nonspecific abdominal complaints. The complications are stone
formation, recurrent pyogenic cholangitis and cholangiocarcinoma. Approximately 35 million people are infected with liver
flukes throughout the world and the exceptionally high incidence of cholangiocarcinoma in some endemic areas is closely
related with a high prevalence of liver fluke infection. Considering the impact of this food-borne malady on public health
and the severe possible clinical consequences, liver fluke infection should not be forgotten or neglected.
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INTRODUCTION

The general term “fluke’ refers to flat fish, for example,
rays in the sea or leeches in fresh-water. Like leeches, liver
flukes are flat helminthes or platyhelminth, of the class
trematoda, and they reside in the human bile ducts (Fig.
1). Infection occurs through ingestion of fluke-infested,
fresh-water raw fish. It is one of the most important food-
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borne diseases. Throughout the world, particularly in South-
East Asia, China, Manchuria, the former USSR and northern
Siberia, more than 35 million people including 15 million
Chinese (1) are infected. The epidemiology of the infections
is determined by food and ecological factors and it is
strongly influenced by poverty and pollution in some areas
and by the traditions of food intake in other areas.

The disease is generally dormant and the infected
people are asymptomatic, except for the patients with
very heavy infections. However, the long-lived flukes
cause chronic inflammation of the bile ducts, leading to
suppurative cholangitis, formation of bile duct stone and
the development of cholangiocarcinoma.

In this article, we review the parasitology, epidemiology
and the clinical findings and complications of liver
fluke infection, and particularly the pathogenesis of
cholangiocarcinoma in association with liver flukes.
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Clonorchiasis and Opisthorchiasis: Parasitologic
Overview

Clonorchiasis and opisthorchiasis are trematodiases that
are caused by chronic infection of the human liver flukes
in the biliary tree. The three species of flukes, Clonorchis
sinensis, Opisthorchis viverrini and Opisthorchis felineus are
closely related trematodes that have similar life cycles
and they cause the same pathophysiology to the biliary
tract. The flukes differ in their geographic distribution and
morphology.

The adult fluke of Clonorchis sinensis is a willow-leaflike,
flat, flabby worm that lives in the biliary tree (Fig. 2).

The size of the parasite ranges from 8.0 to 15.0 mm long
by 1.5 to 4.0 mm wide and 1.0 mm thick (2). Humans are
infected when ingesting uncooked fresh water fish infested
with metacercariae. The larvae excyst in the stomach,
migrate to the ampulla of Vater, ascend into the bile ducts
and live there for 20-30 years. Usually they reside in the
medium sized or small intrahepatic bile ducts, but they
may also live in the extrahepatic duct, gallbladder and

the peripheral pancreatic branch ducts. Intraductal flukes
cause mechanical obstruction, inflammation, epithelial
adenomatous hyperplasia and periductal fibrosis (2-5) (Fig.
2). One adult fluke lays 2000-4000 eggs each day and the
eggs are excreted through the bile ducts and feces (2). The
cycle recirculates via eating of raw fresh-water fish.

The adult fluke of Opisthorchis is very similar to C. sinensis

Fig. 1. Adult Clonorchis sinensis within intrahepatic bile duct.
Endoscopy reveals “rayfish-like” or “leech-like” flat worm moving
within lumen, and it has whitish-yellow ventral sucker at tapered head
portion of worm. Note reddish inner surface of bile duct at background
as mark of blood sucking (Courtesy of Dong Wan Seo, MD, Asan
Medical Center, Seoul, Korea).
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in morphology. As compared to C. sinensis, 0. viverrini and
0. felineus are slightly smaller at approximately half the size
and their testes are less branched (6). As the endemic areas
of Opisthorchis are different from Clonorchis, the first and
second intermediate hosts are slightly different. However,
the pathophysiology, clinical manifestations and imaging
findings of 0. viverrini and 0. felineus infection are the same
as those of C. sinensis (7-9).

The clinical symptoms depend on the degree of
infection and the presence of complications. The vast
majority of patients are asymptomatic. In patients with
severe infection, the clinical signs and symptoms include
lassitude (Fig. 3), hepatomegaly and nonspecific abdominal
complaints such as anorexia, nausea, vomiting, abdominal
discomfort and indigestion (2, 8-10). Jaundice is due to
the mechanical obstruction caused by a multitude of flukes
in the bile ducts in patients with a heavy infection, or it is
due to bile duct obstruction caused by stone, cholangitis
or cholangiocarcinoma as a late complication of chronic
infection. The public health impact and economic impact
are considerable in terms of the morbidity, the loss of
productivity and the absenteeism of heavily infected people

(1)

Geographic Distribution of Liver Fluke Disease

The geographic distribution of liver flukes is largely
in Asia and Eastern Europe. Endemic areas of Clonorchis
sinensis include east Russia and Manchuria, South Korea,
mainland China (except the northwest), Taiwan and

Fig. 2. Photomicrograph of rabbit bile duct that was experimentally
infected with C. sinensis, and it shows adult fluke in bile duct. Note
extensive epithelial hyperplasia of mucosa around fluke and periductal
fibrosis (arrows) (Hematoxylin & Eosin staining, x 40).
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northern Vietnam (1-3), whereas the endemic areas of
Opisthorchis viverrini include Laos and northeast Thailand
(1-4). The endemic areas of Opisthorchis felineus include
Eastern Europe and the former U.S.S.R. People living along
rivers are prone to infection by flukes because they have
a habit of eating uncooked fresh-water fish. In southern
China, eastern Manchuria and northern Thailand, millions
of people are patients with liver fluke disease, and in some
endemic areas, 30-75% of the inhabitants are infected
(1-4). In the North American countries where many Asian
immigrants are living, there are some people infected with
C. sinensis and 0. viverrini. It is estimated that about 35
million people are infected throughout the world (1-3).

In China, there are two principal endemic areas, namely
southern China and Manchuria. Depending upon the
endemic areas, the prevalence rate is variable at between
10% and 85%, and average prevalence rate in southern
China is 18% (11). There are about 8.5 million people
infected in the Guangdong and Guangxi areas and another
several million people in Manchuria (11, 12).

In northern Thailand and low land Laos, there is a long
tradition of eating raw fresh-water fish and salt-fermented
fish. Cyprinoid fish, which are fresh water fish, are an

Fig. 3. 70-year-old man with clonorchiasis and he complained
of lassitude.

He had been previously admitted 10 years ago because of jaundice and

he was diagnosed with clonorchiasis and treated with praziquantel.
Five years later, he had cholecystectomy for gallbladder stones and

cholecystitis. Since then, he has been suffering from general weakness

and lassitude. He has been eating raw fresh-water fish frequently for
more than 12 years because he believed raw fish was helpful for his
health. CT shows mild dilatation of small intrahepatic bile ducts up
to periphery of liver without dilatation of large bile ducts, which is
characteristic for clonorchiasis.
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important source of protein in these areas (1). It has been
reported that average prevalence rate of opisthorchiasis in
northern Thailand is 22% and 5 million of the 19 million
people in this region are infected (13). The infection rate
increases among the people who are living in endemic areas,
ranging from 60 to 80% depending upon the communities
(14). In a community in Khon Kaen, the overall prevalence
of 0. viverrini infection is 94% and it reaches 100% among
the people above the age of 10 years (15). The tradition of
eating raw or undercooked fish products is the reason for
this high prevalence (14).

The prevalence rate of C. sinensis infection in South Korea
is 3%; it is 2% in urban areas and 5% in rural areas (16).
In some regions along some rivers, the prevalence rate is
about 25-30%. In a hospital based controlled study, based
on radiological study and a history of eating raw freshwater
fish, about 30% of hospitalized adults (31-79 years old)
had evidence of clonorchiasis (17). This high prevalence
rate is because the patients included in the study were
hospitalized, aged patients including long-lasting infection
as well as healed infection.

Benign Complications of Liver Fluke Disease

Bile Duct Stone Formation

Bile stagnation due to mechanical obstruction caused
by epithelial hyperplasia and the profuse mucin caused
by goblet cell hyperplasia make the bile ideal for stone
formation. The presence of worms and ova play a role
as the nidus for the formation of stones (2). Bacterial
deconjugation of bilirubin-glucuronide with formation

h\ T ‘ } Ay & 3
Fig. 4. Photomicrograph of C. sinensis eggs (arrows) in calcium-

bilirubinate stone (Hematoxylin & Eosin staining, x 400). (Reprinted
from AJR Am J Roentgenol 1991;157:1-8)
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of insoluble bilirubin during bouts of cholangitis may
precipitate formation of bilirubin stone (18). Not
infrequently, C. sinensis eggs are found in gallstones (19)
(Fig. 4). In a hospital-based study based on sampling of
bile, C. sinensis egg positive rate was 26% in patients with
gallbladder and bile duct stones (20). In another hospital
based case-control study in Korea, radiologic evidence

of C. sinensis infection was significantly associated with
development of intrahepatic stones (21) (Fig. 5).

D

Liver Flukes

Recurrent Pyogenic Cholangitis

Recurrent pyogenic cholangitis is the most common
complication of liver fluke infection. Acute suppurative
cholangitis may be caused by blockage of the extrahepatic
bile ducts by masses of dead worms, ova and mucin, and
this in turn results in ascending cholangitis (2, 22). When
the bile flow is hampered by the presence of flukes per
se, their ova, the excreta of the flukes and mucin, then
ascending bacterial infection usually follows. The bacteria
is Escherichia coli in the majority of patients (22). With

Fig. 5. 63-year-old man with clonorchiasis and intrahepatic bile duct stones.

A. MR cholangiogram shows severe dilatation of posterior inferior segmental branch of right hepatic lobe and it is filled with multiple stones.
There is no definite intraductal mass. Note mild dilatation of the other segmental bile ducts. B-D. Microphotographs show several adult C.
sinensis (B), bile duct stone (arrow in C) and low-grade biliary intraepithelial neoplasia (D) (B-D; Hematoxylin & Eosin staining, x 200). Note
micropapillary growth of atypical biliary epithelium (arrows in D). Biliary intraepithelial neoplasia is microscopic structure and this is not visible

macroscopically or on radiological images.
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repeated suppurative infection, the bile duct is filled with
pus and the liver flukes die because of an unfavorable living
environment, and the dead flukes are expelled through the
ampulla of Vater (2). The egg positive rate is significantly
decreased in patients with suppurative cholangitis,
compared to that of the uninfected patients in the same
cohort (22).

Liver Fluke Disease and Cholangiocarcinoma

Incidence of Cholangiocarcinoma

Hepatocellular carcinoma and cholangiocarcinoma are
the two most common primary malignant tumors arising in
the hepatobiliary system. While hepatocellular carcinoma is
well recognized globally, cholangiocarcinoma has received
much less attention probably because it is far less common
in western countries. Cholangiocarcinoma is relatively
uncommon in western countries with the incidence being
0.2-0.7 per 100,000 people (23). On the other hand,
the incidence of cholangiocarcinoma in Asian countries
is much higher. The incidence of cholangiocarcinoma in
Japan and Singapore is 2.8 and 1.0 per 100,000 people,
respectively, and the incidence is 7.4 in Korea (24) and
84.6 in northern Thailand. The exceptionally high incidence
of cholangiocarcinoma in Thailand and Korea is strongly
related with the high prevalence of opisthorchiasis and
clonorchiasis.

Association of Liver Fluke Infection and
Cholangiocarcinoma

The evidence for the association between liver fluke
infection and bile duct malignancy includes hospital based
case-control studies and population-based studies that
have correlated the incidence of bile duct cancer with the
prevalence of liver fluke infection in various geographic
areas.

In a hospital-based case series in Thailand, an unusually
high incidence of cholangiocarcinoma was observed on
autopsy and on the biopsy materials taken from patients
with 0. viverrini infection. The ratio between hepatocellular
carcinoma and cholangiocarcinoma without opisthorchiasis
was 8:1, whereas the ratio was reversed among those with
fluke infection (25).

There have been several cross-sectional studies regarding
the incidence of cholangiocarcinoma in patients with 0.
viverrini infection in Thailand (26-32). In a population
based study in an endemic area of northern Thailand, the
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age standardized incidence rates of cholangiocarcinoma in
the year 1988 were 89.2 and 35.5 per 100,000 men and
women respectively, and these were the highest rates in the
world (26). In another survey, based on ultrasonographic
findings in a rural area in Khon Kaen, there were 4%

(15 of 1807 inhabitants) asymptomatic patients with
cholangiocarcinoma (29) (Fig. 6). In another prospective
case-controlled study, seven of 551 patients with 0. viverrini
infection had cholangiocarcinoma (31).

In South Korea, there has been a report revealing a six
fold increased incidence of cholangiocarcinoma in the Pusan
area (in the southern part of Korea) where the prevalence
of C. sinensis infection is significantly higher than the other
areas (33). More recently, a case controlled study in the
same area revealed that identification of C. sinensis in stool
was associated with cholangiocarcinoma with a relative risk
of 2.7 (34).

In another hospital based control study in Korea, there
was evidence that C. sinensis infection was significantly
associated with intra- and extrahepatic cholangiocarcinoma
with an odds ratio of 2.272 to 8.615 depending upon the
diagnostic tests (17). In patients with cholangiocarcinoma,
there was evidence of C. sinensis infection in 50-80%, while
in control group, there was evidence of fluke infection in
only 31%.

Intraductal papillary neoplasm of the bile duct is known
to be a premalignant condition and it is often associated

Fig. 6. Cholangiocarcinoma that was incidentally found in
patient with opisthorchiasis.

Transverse sonogram of middle age man who was included in
sonographic survey in village near Vientiane, Laos shows 3.0 cm mass
(arrows) associated with dilatation of bile ducts peripheral to mass
(arrowheads). CT image of same patient showed mass, which was
consistent with cholangiocarcinoma (not shown).

273



Korean Journal of Radiology

with mucin over-production. There have been a few recent
papers revealing that the disease was related with C.
sinensis infection. Suh et al. (35) reported that five of
16 (31%) of intraductal papillary tumors of the bile duct
were associated with C. sinensis infection. Jang et al. (36)
reported that when cholangiocarcinoma was associated with
C. sinensis infection, intraductal papillary neoplasm was
much more common than the usual adenocarcinoma.

The incidence of cholangiocarcinoma in endemic areas
in China and its relation with C. sinensis infection has
not been reported on. There have been several reports of
cholangiocarcinoma associated with 0. felineus infection,
but few systematic studies have been conducted.

Liver Flukes

Step-Wise Cholangiocarcinogenesis in Liver Fluke
Infection

Several researchers have observed that there were various
pathologic stages that seem to be a progression towards
cholangiocarcinoma in patients with clonorchiasis. Hou (37)
observed that the hyperplastic biliary epithelium may have
gradually changed and transformed to cholangiocarcinoma
in 28 cases of concomitant clonorchiasis and
cholangiocarcinoma. Kim (38) described that hyperplastic
mucosa, when exposed to C. sinensis infection, may
transform to cholangiocarcinoma through various stages
of dysplasia. Once infected with clonorchiasis, chronic
persistent inflammation for more than 20-30 years results
in eventual carcinomatous transformation. Uncontrolled cell
proliferation is the hallmark of malignant neoplasm (39).
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Fig. 7. Intraductal papillary adenocarcinoma that developed during three
years of follow-up in patient with clonorchiasis.

A. CT shows mild dilatation of intrahepatic duct (arrows). B. CT image three

year later shows focal dilatation of segmental bile duct, which is filled with
small, soft tissue mass (arrow). C. Microphotograph shows focally invasive
tubular adenocarcinoma that developed from papillary adenoma within lumen

of bile duct (arrows). Intraductal papillary neoplasm is sizable and it is visible
macroscopically and radiologically (scanning power view, x 1).
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Fig. 8. Cholangiocarcinoma at common hepatic duct in 72-year-
old man with severe clonorchiasis.

A. CT shows mass at bifurcation of right and left hepatic ducts

(arrow) and severe dilatation of entire intrahepatic duct up to

surface of liver. B. MR cholangiogram shows defect at common

hepatic duct (arrows), which represents cholangiocarcinoma. C.
Microphotograph from common hepatic duct (adjacent to main tumor)

2 shows high grade biliary intraepithelial neoplasia, which is precursor

of cholangiocarcinoma (Hematoxylin & Eosin staining, x 200). D.
Microphotograph from common hepatic duct (adjacent to main tumor)
shows intraductal tubular adenocarcinoma and goblet cell hyperplasia

i (arrows) (Hematoxylin & Eosin staining, x 200). E. Microphotograph

from common hepatic duct (main tumor) shows adenosquamous
carcinoma (Hematoxylin & Eosin staining, x 100).
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There are two premalignant lesions in
cholangiocarcinogenesis, that is, biliary intraepithelial
neoplasia (BilIN) and intraductal papillary neoplasm of the
bile duct (40). BilIN refers to the flat or micropapillary
growth of atypical biliary epithelium, which is classified as a
precursor lesion of cholangiocarcinoma in the World Health
Organization’s classification of tumors (23). This has been
called biliary dysplasia (41, 42). The other premalignant
lesion called intraductal papillary neoplasm is defined as
prominent intraductal papillary growth of the neoplastic
biliary epithelium with a distinct fine fibrovascular core
and this is often associated with mucin over-production
(40, 42-44). BilIN is known to progress to tubular
adenocarcinoma whereas intraductal papillary neoplasm
is known to transform to either tubular adenocarcinoma
or to mucinous adenocarcinoma (colloid carcinoma) (40-
44). While BilIN can be identified only microscopically, the
intraductal papillary neoplasm forms a sizable tumor and
the tumor is identifiable on macroscopic examination (40).
These two precancerous lesions are often encountered on
pathologic examination of the patients with clonorchiasis
(Fig. 5) and the patients with clonorchiasis associated
cholangiocarcinoma (Figs. 6-8). These facts suggest that
clonorchiasis induced chronic persistent inflammation may
develop to cholangiocarcinoma, and probably through step-
wise evolution via precancerous stages.

Experimental Induction of Cholangiocarcinoma

Experimental infection with C. sinensis in animals
has never induced bile duct tumors (45). On the other
hand, experimental infection with liver fluke and
combined dimethylnitrosamine treatment has produced
cholangiocarcinoma. Lee et al. (46) conducted an animal
experiment to induce cholangiocarcinoma in hamsters that
were infected with C. sinensis by administrating 0.0015%
dimethylnitrosamine, and cholangiocarcinoma developed in
eight of 11 hamsters in 11 weeks. On the other hand, no
tumor developed in either the C. sinensis infected hamsters
or the dimethylnitrosamine treated hamsters.

Regarding the development of cholangiocarcinoma in 0.
viverrini infection, there have been several studies regarding
the enhanced susceptibility to malignancy in infected
animals by exposure to dietary dimethylnitrosamine (26).
It was shown that experimentally infected hamsters
with 0. viverrini develop tumors after exposure to
dimethylnitrosamine, while the uninfected animals did not.
In an animal experiment, Satarug et al. (47) reported that
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all the hamsters receiving a combination of subcarcinogenic
doses of dimethylnitrosamine and infection with 0.

viverrini developed cholangiocarcinomas, while either
dimethylnitrosamine or 0. viverrini infection alone did not
cause the development of cancer. These studies suggested
that dietary nitrosamines initiates the development of
cancer. Further studies have suggested that liver fluke
infection enhanced the endogenous nitrosamine production.
Haswell-Elkins et al. (27) demonstrated elevated levels of
salivary nitrate and urinary and plasma nitrate among men
with a moderate and heavy infection as compared with

that of uninfected controls, and this reflects endogenous
generation of nitric oxide from liver fluke infection. Based
on these animal experiments, nitrosamines are considered to
act as genotoxicants that exert carcinogenic effects, while
liver fluke infection is considered to play an epigenetic role
(48).

Monitoring the Patients with Liver Fluke
Infection

On the basis of the high prevalence of liver fluke
infection in certain endemic areas, it is recommended to
do a screening test such as a stool ova test. The high risk
groups for liver fluke infection are those who had a history
of eating a significant amount of raw, freshwater fish in
endemic areas and those who have ultrasonographic or CT
images showing dilatation of the peripheral intrahepatic bile
ducts, or combinations of these findings (17). When people
are infected, anthelminthic drug should be prescribed.

Cholangiocarcinoma develops at an older age, namely, at
the age over 50. In a hospital based control study in Korea,
about 50-80% of the patients with cholangiocarcinoma
had evidence of C. sinensis infection (17) and they
were aged patients (average age: 64, age range: 32-

79 years). Therefore, men and women older than 50 and
who had history of clonorchiasis in the past, whether
treated or not, should be put in a screening program

for cholangiocarcinoma. Also, those people who show
unexplained intrahepatic bile duct dilatation on sonography
and/or CT images should be screened. The characteristic
radiological finding of past/healed liver fluke infection

is diffuse dilatation of the peripheral intrahepatic bile
ducts without evidence of an obstructing cause (dilatation
without obstruction) on ultrasound, CT or MR imaging (5).
This image finding is frequently encountered in healthy
looking but infected people in endemic areas.
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There have been several papers regarding the usefulness
of carbohydrate antigen 19-9 (CA19-9) as a marker to
screen for cholangiocarcinoma. CA19-9 was useful for
predicting cholangiocarcinoma in patients with primary
sclerosing cholangitis, with the sensitivity being 79%, the

specificity 99%, the adjusted positive predictive value 57%

and the negative predictive value 99% (49). In patients
without primary sclerosing cholangitis, the sensitivity of
CA19-9 for diagnosing cholangiocarcinoma was 53-67%

and the specificity was 76-87% (50-52). The usefulness of
CA19-9 for diagnosing cholangiocarcinoma in patients with

liver fluke infection has not yet been investigated. Also,

the use of radiological examinations as a screening tool for

making the diagnosis of cholangiocarcinoma is not known.
Many patients with cholangiocarcinoma have evidence

of C. sinensis infection (17) and this is the rationale for
cholangiocarcinoma screening in those people who were

once infected with liver flukes. There were 4% asymptomatic

patients with cholangiocarcinoma detected on ultrasound
screening in a rural area in Khon Kaen (Thailand) (29).
Intraductal papillary neoplasm of the bile duct is a
premalignant condition that predominantly exhibits
intraductal growth (23). Intraductal papillary neoplasm

accounts for about 15% of all cholangiocarcinoma patients

and it transforms to tubular adenocarcinoma or mucinous
adenocarcinoma at a late stage (40-44). There have
been a few papers revealing that this disease was related
with C. sinensis infection (35, 36). Therefore, detection
and resection of intraductal papillary neoplasm before
transformation to malignant tumor may lead to cure of
the disease. In this regard, the at-risk groups should

be screened and the patients need preemptive surgical
resection.

Summary

Liver fluke infection is initiated by ingestion of fluke-
infested, raw, fresh-water fish and it causes chronic
inflammatory bile duct disease. Once infected, the
flukes reside in the bile duct for two or three decades.
Though mostly dormant, longstanding infection causes
unexplainable lassitude and reduces productivity, and it
degrades the quality of life. The complications are bile
duct stone formation, recurrent pyogenic cholangitis and
bile duct cancer. More than 35 million people worldwide
are infected. The exceptionally high incidence of
cholangiocarcinoma in Thailand and Korea is attributed to
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the high prevalence of liver fluke infection in these areas.
Traditional eating habits of raw fresh-water fish, which is

believed to be a health-promoting food, brings about “the
evils of health.”

The strategy for control of foodborne infection clearly
requires collaboration between the sectors of public health,
the food industry as well as journalism. Consumer education
is crucial and of the utmost importance. In this regard,
physicians should know about the high prevalence of liver
fluke infection among healthy looking people and the long
term consequencies of the infection, and particularly the
development of cholangiocarcinoma should be emphasized.
Additionally, once it is recognized, the infected person
should be monitored for the development of bile duct
cancer. Physicians should change their attitude towards
liver fluke infection. Liver flukes should not be neglected or
abandoned as they are evils of human health.
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