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Preface

Humans suffer from numerous parasitic foodborne zoonoses, many of which are
caused by helminths. The helminth zoonoses of concern in this book are
normally limited to diseases of animals that have now become transmissible to
humans. In the past, these diseases were limited to populations living in low- and
middle-income countries, but the geographical limits and populations at risk are
expanding and changing because of growing international markets, improved
transportation systems, and demographic changes (such as population move-
ments). The World Health Organization (WHO) has estimated the number of
people currently infected with just foodborne trematodes exceeds 41 million,
and the number of people at risk worldwide, including those in developed coun-
tries, is 750 million. The increasing recognition of the public health significance
of these zoonoses, their complicated epidemiology, and their links to poverty,
agricultural intensification, environmental degradation, and lack of appropriate
tools for control has been welcome. However, because the development of prior-
ities in a national public health system is often a competitive exercise, the claim
for more attention and resources for foodborne parasitic zoonoses is usually
handicapped by a lack of reliable health and economic impact data. The genesis
of this book, then, was a desire to draw attention to the problem of these
zoonoses and, hopefully, to inspire greater efforts to acquire a reliable global
impact assessment which would strengthen the efforts to develop improved pre-
vention and control actions for these zoonoses.

The list of potential helminth zoonoses that might be discussed in a book such
as this is large, and could include all those transmitted by ingestion of any food
such as meat, fish, invertebrates and plants. However, we have chosen to focus
on those zoonoses that are the least under appreciated and recognized of the food-
borne helminths, the fish, plant and invertebrate-borne helminths. While people,
especially those living in developed countries, are commonly aware of meat-borne
zoonoses such as trichinellosis and cysticercosis, fewer are acquainted with fish-
borne parasitic diseases like opisthorchiasis, intestinal trematodiasis or capillaria-
sis. Yet these zoonoses are responsible for large numbers of human infections. For
example, at least 10 million people in China are infected with the fish-borne liver
fluke Clonorchis sinensis, and at least 7 million in Thailand are infected with the
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species Opisthorchis viverrini, both of which are associated with liver cancer.
The intestinal flukes are even more common throughout Asia, Russia, and the
Middle East.

Compared to other parasitic diseases such as malaria, filariasis, and schistoso-
miasis, these parasitic zoonoses are public health “orphans” in the world of
research funding, due in no small measure to insufficient appreciation of a crucial
fact: that most of them exist as a complex of parasites whose transmission often
depends on well-entrenched cultural behaviors that are difficult to change.
Because the transmission routes to human infection are similar, collectively these
zoonoses may have a much greater effect in the aggregate than as single infections.
The difficulties of diagnosis, the complexities of human cultural traits and agricul-
tural practices and the lack of realistic assessments of their real or potential
economic costs, have made this field simultaneously daunting, scientifically
obscure and, therefore, unattractive to investigators. The challenge of developing a
prevention and control strategy that accommodates strong cultural and agricultural
traditions, however, will test the imaginations and skills of researchers, an intellec-
tual challenge that could provide the stimulation needed to build a more concerted
international effort toward control.

This book reviews not only the prevalence and distribution of these zoonoses,
including available health and economic impact data, but will highlights gaps in
knowledge that must be filled in order to gain the assessment needed to depict the
overall importance of a particular zoonosis. This is critical for comparisons to
other pressing public health and development needs in resource allocations. The
topics on epidemiology, diagnosis, and clinical aspects emphasize the knowledge
gaps that limit a full understanding of these zoonoses, and target where greater
research investments on these parasitic diseases should be focused.
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Fish- and Invertebrate-Borne Parasites



1
Liver Flukes

Paiboon Sithithaworn, Puangrat Yongvanit, Smarn Tesana,
and Chawalit Pairojkul

Food-borne trematodes (FBTs) contribute to parasitic zoonoses such as liver, lung,
and intestinal flukes of humans and they are contracted by the consumption of
larval stages in food-related products. Food-borne trematodiasis has been recognized
as an important health problem in Asia (WHO, 1995, 2004). The infections are
prevalent in developing countries and are closely linked to poverty, pollution, and
population growth, and are also associated with cultural determinants, that is, food
behavior and tradition. Recent changes in FBT infections in some countries are
thought to have been brought about by social and economic development (Cross,
1984). In many areas, greater frequency and transmission such as in Clonorchis
sinensis in China have been reported (Keiser and Utzinger, 2005; Lun et al., 2005).
One possible explanation of this phenomenon is an increase in the production of
fresh water aquaculture in the endemic areas where FBTs exist in Asia and more
importantly a large proportion of world productions (>90%) were farmed in this
area (WHO, 2004). This could facilitate the transmission to consumers both in the
domestic and overseas markets. Moreover, a serious consequence of clonorchiasis
and opisthorchiasis is intrahepatic cholangiocarcinoma (ICC); therefore, in addition
to various aspects of the biology of liver flukes, their roles in carcinogenesis are
addressed in this chapter.

Geographical Distribution

The major human liver flukes—Opisthorchis viverrini, Clonorchis sinensis, and
Opisthorchis felineus—are endemic in Asia and Eastern Europe. A rough estimate
of the global number of infections is about 17 million, comprising 7 million with
C. sinensis, 9 million with O. viverrini, and 1.2 million with O. felineus infections
(Preuksaraj, 1984; Rim, 1986; WHO, 1995). O. viverrini is prevalent mainly in
Thailand, Laos, Cambodia, and Vietnam, and recently 67 million people were
estimated to be at risk (Keiser and Utzinger, 2005). C. sinensis is widespread in
Korea, China, Taiwan, Vietnam, and previously in Japan. Recent estimates suggested
that about 35 million humans are infected by C. sinensis globally, and in China alone
there could be up to 15 million human infections (Lun et al., 2005). O. felineus
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is found in Russia and possibly Eastern Europe. In addition to these endemic areas,
regional and global migration of people has expanded the parasite’s distribution.
Since life cycles cannot be established in places where no intermediate hosts are
available, this has limited epidemiologic relevance.

The geographical pattern of liver fluke infection is not uniform. For example,
in Thailand, O. viverini has marked regional variation. It is highly prevalent in
the northeast in contrast to other regions of the country (Preuksaraj, 1984;
Jongsuksuntigul, 2002). Within the northeast, the high variability occurs at
the provincial, district, and village levels; therefore, the average prevalence
and intensity of infection are often accompanied by large standard deviations.
In Laos, O. viverrini was found mainly in southern areas, that is, Saravan,
Suvannakhet, and Khammuan (Rim et al., 2003). A similar uneven distribution
is true for C. sinensis in China, where south China, particularly Guangdong, has
long been known as a heavily endemic area; other major areas include Guangxi,
Helongjang, Hubei, and Sichun (Lun et al., 2005).

Biology and Genetic Variation

The liver flukes are hermaphroditic trematodes, dorsoventrally flattened, and the
body armed with two muscular suckers: the oral sucker situated anteriorly and the
ventral sucker one fifth at the mid-body anteriorly. Differentiation of species is based
on morphology; the adult worms differ mainly in the shape and position of testes and
the arrangement of vitelline glands. C. sinensis can be separated from the other two
species by the presence of branched testes in a tandem position and the continuously
distributed vitelline glands. O. viverrini is similar to O. felineus in having lobed testes
and a cluster vitelline gland, but it differs from O. felineus in the deeper lobulation of
and greater extremity of the testes and also no transversely compressed patterns of
vitelline follicles. The size of adult flukes varies according to the species. O. viverrini
is the smallest measuring 5.5-10 X 0.77—-1.65 mm, while C. sinensis is larger, meas-
uring 10-25 X 3-5 mm. O. felineus is smaller measuring 7-12 X 2-3 mm (Beaver et
al., 1984) (Fig. 1.1). Variation in the size of adults depends on the intensity of infec-
tion and the diameters of the bile ducts they inhabit (Flavell et al., 1983).

Based on nuclear ribosomal DNA and mitochondrial DNA sequences, there was
little genetic diversity in C. sinensis isolates from China and Korea (Lee and Huh,
2004; Park, 2006). The difference in sequence of mitochondrial DNA between
C. sinensis and O. viverrini from Laos was relatively low (3.9%), although they
are considered different genera. By application of allozyme electrophoresis, it is
possible to use a-glycerophosphate dehydrogenase (GPD) as a genetic marker to
differentiate C. sinensis isolates from Korea and China (Park et al., 2000). The
evidence of genetic polymorphism of O. viverrini by using random amplified
polymorphic DNA was recently shown among O. viverrni isolates from Thailand
and Laos (Sithithaworn et al., 2006). The genetic polymorphism evidence was
confirmed by using systematic allozyme analyses, and the existence of cryptic
species in O. viverrini was demonstrated and correlated with the wetlands of river
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(a) Opisthorchis viverrini (b) Clonorchis sinensis

FIGURE 1.1. Adult worms. (A) O. viverrini. (B) C. sinensis.

systems and Bithynia snails in northeast Thailand and Laos (Saijuntha et al.,
2006a,b, 2007). The coevolution between host and parasite and the biological
significance of this observed genetic variation of O. viverrini need further study.

It was reported that C. sinensis may survive up to 26 years in a human host
(Attwood and Chou, 1978). This observation may represent an extreme survival
condition in an individual host. Since there has been no direct estimate of the life
expectancy of O. viverrini, it is expected that the average survivorship may be
much shorter. Based on the pattern of the age-intensity profile, it is anticipated
that O. viverrini may survive in humans for approximately 10 years.

Life Cycle

After reaching sexual maturity, the adult worms cross-fertilize and produce
yellow-brown egg that are released in feces. The eggs measure 25 to 35 pm in
length and 15 to 17 wm in width; all three species of liver fluke eggs have promi-
nent shoulders, with an operculum at one end and a small knob at the other. The
egg shell surface is rough or seen as musk-melon patterns by electron microscopy
(Kaewkes et al., 1991; Scholz et al., 1992) (Fig. 1.2). Eggs of the three species of
liver flukes are similar and difficult to differentiate. The number of eggs produced
per worm depends on the worm burden, that is, a density-dependent effect.
When eggs reach a body of freshwater (small ponds, streams and rivers,
flooded rice fields, and large reservoirs) and are ingested by an appropriate snail,
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FIGURE 1.2. Eggs of liver flukes. (A) Light micro-
graph. (B) Scanning electron micrograph.

10 um 10pm

(a) O.viverrini (b) SEM O.viverrini

they develop into sporocysts. Different species of Bithynia (Table 1.1 and
Fig. 1.3) serve as intermediate hosts for these liver flukes (Brockelman et al.,
1986; Ditrich et al., 1990b; Chen et al., 1994). The sporocysts produce rediae,
which gave rise to cercariae, which are released daily approximately 2 months
after snail infection. The free-swimming cercariae shed their tails and penetrate
into the tissues of fish and encyst, becoming a fully infective metacercariae after
21 days. The life cycle requires at least 4 weeks to complete, and in temperate
areas the cycle may be prolonged by winter hibernation of snails (Rim, 1986).

TABLE 1.1. Snail intermediate hosts of liver flukes.

Region, country

References

Opisthorchis viverrini

Bithynia siamensis
siamensis

B. siamensis
goniomphalos

B. funiculata

Clonorchis sinensis

Parafossarulus
manchouricus

P. anomalospiralis
Bulinus striatulus

Bithynia fuchsiana
Alocinma longicornis
0. felineus

Bithynia inflata
B. tentaculata

Central Thailand

Northeast Thailand,
Laos

North Thailand

China; Han, Kum,
Mankyung,
Naktong, and
Yeongsan,
South Korea

China

Han, Kum,
Mankyung,
Naktong, and
Yeongsan, Korea;
China; Taiwan

China, Taiwan

Hubei, China

Ukraine

East and central
Europe, Middle
East, India

Brandt,1974; Upatham and Sukhapanth,
1980; Chitramvong, 1992

Brandt,1974; Brockelman et al., 1986;
Ditrich et al., 1990; Giboda et al., 1991a;
Chitramvong,1992

Brandt, 1974; Chitramvong, 1992

Bae et al., 1983; Choi, 1984

Li, 1985
Li, 1964; Choi, 1984; Chen et al., 1997

Zhou, 1985
Li, 1964; Zou et al., 1994; Chen et al., 1997

Beer and German, 1987
Bowman, 1999
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(a) Photographs of Bithynia snails A: B. siamensis
goniomphalos, B: B. funiculata, C: B. siamensis
siamensis (scale= 1 mm)

FIGURE 1.3. Snail intermediate hosts.

(A) Bithynia. Left: B. siamensis

goniomphalos. Middle: B. funiculata.

Right: B. siamensis siamensis. Scale =

(b) Photographs of Parafossarulus manchouricus 1 mm. (B) Parafossarulus manchouricus.
(scale= 1 mm) Scale = 1 mm.

Similar to other trematodes, the prevalence of liver fluke infection in snail
intermediate hosts is typically low and a range of 0.07% to 0.63% for O. viverrini
in Bithynia sp. and 0.03% to 43.7% for C. sinensis in P. manchouricus were
reported (Joo, 1980; Harinasuta and Harinasuta, 1984; Brockelman et al., 1986).
In temperate countries such as Korea, it is believe that cercariae and rediae within
the snail are unable to survive during winter, and new infections are needed to
initiate cercarial shedding in the spring (Rim, 1986). The snail population shows
strong seasonality and is apparently dependent on rainfall, being highly abundant
in the rainy season and distributed extensively in shallow water and paddy fields,
but disappear rapidly in the dry season (Brockelman et al., 1986). Due to the
nature of such high fluctuation in number, liver fluke control via the reduction of
snail population is not a feasible approach.

In contrast to the infection in snail, the prevalence of infection in the fish inter-
mediate host is much higher. As many as 90% to 95% of several species of cypri-
noid fish had been reported to habor O. viverrini metacercariae (Harinasuta and
Vajrasthira, 1960; Vichasri et al., 1982). The most common species of cyprinoid
fish were in the genera Puntius, Cyclocheilichthys, and Hampala (Wykoff et al.,
1966) (Table 1.2 and Fig. 1.4). In spite of complex cercarial host finding mecha-
nisms (Haas et al., 1990), free swimming cercariae are very efficient in locating
the appropriate species of fish in reservoirs with large volumes of water. The
intensity of liver fluke infections in fish varies by season, species, individuals, and
types of water bodies (Vichasri et al., 1982; Rim, 1986; Sithithaworn et al., 1997).
Most metacercariae were found in the body (Vichasri et al., 1982) or head of the
fish (Tesana et al., 1985) (Fig. 1.5). The observed discrepancy probably depends
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TaBLE 1.2. Fish intermediate hosts of liver flukes.

Areas/country

References

Opisthorchis viverrini
Cyclocheilicthys apogon
Cyclocheilichthys siaja

Cyclocheilichthys repasson
Puntius leiacanthus

P. orphoides
Puntius gonionotus,
Hampala dispar

Hampala macrolepidota

Clonorchis sinensis
Parabramis bransula
Ctenopharyngodon idellus
Ctenopharyngodon idellus
Pseudorabora parva

Zacco platypus
Hemibarbus sp.
Gnathopogon sp.
Ischikauia steenackeri
Pseudogobio esocinus

Hypophthalmichthys nobilis

Sarcocheilichthys sinensis
Hemibarbus labeo

Pungtungia herzi
Erythroculter erythropterus
Gnathopogon atromaculatus

Hemiculter leucisculus

Zacco platyus
Hypomesus olidus

0. felineus
Leuciscus idus

Leuciscus leuciscus

Rutilus rutilus

Northeast, Thailand
Northeast, Thailand

Laos
Northeast, Thailand

North, Thailand
Laos
Northeast, Thailand; Laos

Laos

Guangdong, China

Guangdong, Hubei, China

Hubei, China

A river in Kyungpook Province,
Nam-river, Han, Kum,
Mankyung, Naktong, and
Yeongsan rivers, Korea;
Hubei, China

Nam-river, Korea

Nam-river, Korea

Nam-river, Korea

Nam-river, Korea

A river in Kyungpook Province,
Nam-river, Korea

Hubei, China

A river in Kyungpook Province,

Han, Kum, Mankyung, Naktong,
and Yeongsan rivers, a river in
Kyungpook Province, Korea

A river in Kyungpook Province,

A river in Kyungpook Province,

Han, Kum, Mankyung, Naktong,
and Yeongsan, Korea;

Sun Moon lake in Central
Taiwan

Soyang lake, Korea

Soyang lake, Korea
Daechung lake, Korea

Western Siberian region,
Ukraine and Kazahstan.

Western Siberian region,
Ukraine and Kazahstan.

Western Siberian region,
Ukraine and Kazahstan.

Vichasri et al., 1982

Harinasuta and Harinasuta,
1984

Ditrich et al., 1990

Vichasri et al., 1982;
Sithithaworn et al., 1997

Sukontason et al., 1999

Ditrich et al., 1990

Ditrich et al., 1990;
Sithithaworn et al., 1997

Ditrich et al., 1990

Zou et al., 1994

Zou et al., 1994

Chen et al., 1997

Choi, 1976; Bae et al., 1983;
Choi, 1984; Chen et al.,
1997

Bae et al., 1983
Bae et al., 1983
Bae et al., 1983
Bae et al., 1983
Choi, 1976; Bae et al., 1983

Chen et al., 1997

Choi, 1976
Choi, 1976; Choi, 1984

Choi, 1976
Choi, 1976
Choi, 1984;
Qoi et al., 1997

Park et al, 2004
Park et al, 2004

Bronstein, 1998
Bronstein, 1998

Bronstein, 1998
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2cm

FIGURE 1.4. Fish intermediate
hosts. (A) Puntius leiacanthus.
(b) Pseudorasbora parva (B) Pseudorasbora parva.

2cm

50 um

O.viverrini metacercariae FIGURE 1.5. Metacercaria of O. viverrini.
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Prevalence (%)

()

Metacercariae / fish

FIGURE 1.6. Seasonal variation of liver fluke metacerariae burden in cyprinid fish from natu-
ral water bodies. (A) Prevalence; (B) intensity of O. vierrini metacercariae in P. leiacanthus
in Thailand (Vichasri et al., 1982). (C) Prevalence; (D) intensity of C. sinensis metacercariae
in P. parva in Korea (Kang et al., 1985).

The pattern of frequency distributions of metacercariae for both O. viverrini
and C. sinensis are not uniform; most fish have few metacercariae, while a few
fish harbor a heavy metacercarial load as shown in Figure 1.7 (Kim et al., 1979;
Vichasri et al., 1982; Kang et al., 1985). The pattern of frequency distribution is
best described by a negative binomial distribution model. Recent findings of
trematode metacercariae other than O. viverrini in cyprinoid fish in the north-
east (Srisawangwong et al., 1997; Waikagul, 1998) and northern Thailand
(Sukontason et al., 1999) indicated that the occurrence of mixed species of trema-
todes in a given fish species is common. Careful identification of metacercariae
from fish is needed.

The frequency of infection in reservoir hosts, for example, pigs, cats, rats,
and dogs, varies considerably by area and is not closely associated with human
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FIGURE 1.7. Frequency distribution of liver fluke metacercariae in cyprinoid fish. (A)
Metacerariae of C. sinensis in P. parva in Korea (Kang et al., 1985). (B) Metacercaria of O.
vierrini in P. leiacanthus in Thailand (Sithithaworn, unpublished).

infection patterns. Relatively low prevalence of liver fluke infection are
observed in dogs in northeast Thailand, Taiwan, and some parts of Korea where
human infection is common; similar or higher prevalence have been reported in
these animals in parts of Thailand and China, even in areas where humans are
not infected (Sadun, 1955; Chen et al., 1994). Although fecal contamination
from infected animals undoubtedly contributes to parasite transmission to
snails, consideration of its actual importance relative to higher egg release from
humans, human eating behavior, and sanitation may be minor (Sadun, 1955;
Rim, 1986). However, in a situation where fecal contamination from humans is
eliminated by mass treatment and proper sanitation, the consumption of raw
fish continues and infection among reservoir hosts may serve to maintain the
source of reinfection.
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Source of Human Infection

Fresh water fish are second intermediate hosts in the life cycle of O. viverrni. In
Thailand, at least 15 species of native fish serve as intermediate hosts and sources of
human infection (WHO, 1995). Although most published descriptions of social
habits regarding raw fish consumption are anecdotal and careful sociological inves-
tigation is needed, it is obvious that raw or undercooked fish are the major sources
of liver fluke infection. Raw or undercooked fish are prepared in many different
ways, and these dishes are of considerable cultural and nutritional significance,
making change in food habits difficult. Infection may also occur through contami-
nation of utensils, hands, and surfaces used to prepare the fish for cooking.

In northeast Thailand, at least three types of preparations contain uncooked,
usually small and medium-sized fish, namely koi pla, eaten soon after preparation,
moderately fermented (pla som; stored for a few days to weeks), or extensively
fermented (pla ra; highly salted, stored for 2 to 3 months to over 1 year) (Sadun,
1955). Pla ra is consumed in different forms on a daily basis. In the past, reported
consumption frequencies of koi pla were very high; up to 80% in some communi-
ties ate the dish on a weekly basis (Changbumrung et al., 1989). A comparison of
rural and urban dwellers (Kurathong et al., 1987) reported a higher prevalence of
liver fluke infection among rural, compared to urban, residents from the northeast,
and among those who reported having eaten koi pla (87%), compared to those who
did not (61%). A closer relationship was found with koi pla consumption within a
heavily infected village, with just 19% of those uninfected reporting consumption,
compared to 79% of infected and >90% of heavily infected people (Upatham
etal., 1984).

More recent surveys suggest that the frequencies of koi pla consumption are
reduced and generally confined to special social occasions, while other under
cooked fish preparations, for example, pla som and other moderately preserved
fish, are generally eaten several times a week (Changbumrung et al., 1989).
Although most people believe that liver fluke infection comes from these dishes,
the infectivity of various preparations remains unclear. Several studies have indi-
cated that survival of the infective stages depends on the concentration of salt
and degree of fermentation (Vichasri et al., 1982; Tesana et al., 1983). Koi pla is
probably the most infective, followed by fish preserved for less than 7 days, while
viable metacercariae are probably very rare in pla ra.

In southern China and Korea, C. sinensis may be acquired by consuming whole
raw fish directly or slices of raw fish marinated with vinegar, soya sauce, or chili or
prepared as pickle fish or raw fish in hot bean paste (Rim, 1986; Chen et al., 1994).

It is important to note that small fish such as P. parva and P. leiacanthus
contained more metacercariac of liver flukes per unit weight than did large
fish (Chen et al., 1994; Sithithaworn et al., 1997). Because of the highly overdis-
persed distribution of metacercariae in fish, the probability of exposure to heavy
infection from a single fish meal should be rare. Thus, infection should occur in a
repeated trickle manner of infection, and the heavily infected people accumulate
worms over time (Sithithaworn and Haswell-Elkins, 2003).
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Fecundity

Approximately 1 month after ingestion of metacerariae, adult worms begin
releasing eggs, which pass down the bile duct and are released in the feces. Egg
can also be found in the gallbladder bile. In O. viverrini, estimates of daily fecal
egg output per worm are variable. Wykoff et al. (1966) described nine autopsy
cases with a mean worm burden of 2588 with an average egg output of 3000 egg
per gram feces (epg). Sithithaworn et al. (1991a) performed 181 autopsy cases
and found a mean worm burden of 157.5 and an average egg output of 53.3 epg
per worm. By expulsion chemotherapy, Elkins et al. (1991) reported the average
egg output of 180 epg per worm from a mean worm burden of 42.6. The
observed wide variation in estimates between these studies in human infection
may be partially explained by a density-dependent fecundity similar to those
documented for other helminths (Anderson and May, 1985). The estimated
fecundity in infected animals also varied depending on the worm burden, but
was in the range of 80 to 300 epg per worm (Flavell et al., 1983; Sripa and
Kaewkes, 2000Db).

Prevalence of Infection

The most recent national survey by the Ministry of Public Health of Thailand
in 2001 showed that of a total helminth infection of 22.5%, hookworm is the
most common (11.4%), while O. viverrini is second in rank with an average
prevalence of 9.6% (Jongsuksuntigul, 2002). Regarding the liver fluke, it is
distributed mainly in the north (19.3%) and the northeast (15.7%), and has a
low distribution in the central reglon (3.8%) and the south (0%). The decline in the
prevalence of infection in northeast Thailand of 34.6% in 1981 (Jongsuksuntigul
et al., 1992) to the current level in 2001 is to a large degree attributable to inten-
sive and continuous control activities (Jongsuksuntigul, 2002). The relatively
high prevalence observed in northern Thailand probably represents a mixture
of small-sized intestinal flukes as well as O. viverrini due to the limitation of
the diagnostic technique used (Kato-thick smear technique) (Radomyos et al.,
1994, 1998). Within northeast Thailand, a high variation of prevalence among
provinces, ranged from 4% to 33%, and is a common pattern of infection
(Jongsuksuntigul, 2002).

O. viverrini is common in the lowlands of Laos among people with close
ethnic ties to the majority of the northeast Thai population; however, national
surveys are not available to provide the total numbers of infections (Giboda et al.,
1991b). More recent surveys revealed that the prevalence in certain areas, in the
range of 36% to 60%, is much higher than previous records indicate (Kobayashi
et al., 1996, 2000). Again the presence of mixed infections with both heterophyid
and lecithodendriid flukes, in addition to O. viverrini, were demonstrated in
Vientiane and Saravan along the Mekong River (Chai et al., 2005).



1. Liver Flukes 15

Incidence and Reinfection

In contrast to recorded data on the prevalence of infection, data on the incidence
of O. viverrini infections are not frequently reported. The available data are
reported by a few investigators (Sornmani et al., 1984; Upatham et al., 1988;
Saowakontha et al., 1993). In an endemic community in Chonnabot, Khon Kaen,
northeast Thailand, the incidence of infection per year was 19.4% to 46% and in
children <5 year old, the incidence was 2.1% to 6.2%; males tended to have a
higher incidence of infection than females (Upatham et al., 1988). In a more
recent study in three villages in Khon Kaen, the incidence was 1.7% to 25% for
6 months (Saowakontha et al., 1993). The very high incidence of infection in
some communities explains why a high prevalence of infection was observed. For
example, with an incidence of 40% per year, only 6 years are required for the
prevalence of an originally uninfected cohort to exceed 95%.

Studies on reinfection posttreatment in northeast Thailand are well correlated to
the high incidence of infection. A study in irrigated areas in Khon Kaen revealed
that with a pretreatment prevalence of O. viverrini of 55.1%, at 1 year after treat-
ment the prevalence returned to 54.8% (Sornmani et al., 1984). Similarly, Upatham
et al., (1988) reported that in an area with heavy infection of O. viverrini in
Chonnabot, Khon Kaen, where 97.4% of villagers were infected, the prevalence
was 94% at 1 year post—praziquantel treatment. In addition, those with high
pretreatment intensity tended to have a high intensity of reinfection, suggesting that
there may be a predisposition to heavy infection in some individuals. Studies using
a similar approach based on the quantification of worm load at pre- and posttreat-
ment, also provided supportive evidence of a predisposition to heavy infection
with other parasites such as Ascaris lumbricoides (Elkins et al., 1986), Necator
americanus (Schad and Anderson, 1985), Trichuris trichiura (Bundy and Golden,
1987), and Schistosoma mansoni (Bented-Smith et al., 1987). The rapid reinfection
after treatment in opisthorchiasis indicated little evidence for protective immunity,
but did not rule it out.

Age- and Sex-Related Patterns of Infection

Although the rates of O. viverrini infection vary considerably between villages,
patterns of infection are similar. In general, the youngest age groups (0-5 years)
have a low prevalence and intensity. Prevalence and intensity of infection increase
in the pre- and early teens, often reaching a plateau in the late teenage years (e.g.,
15-19). In some areas, the intensity of egg release showed an increased trend with
age (Upatham et al., 1984), while the worm burden declined (Haswell-Elkins
et al., 1991; Sithithaworn et al., 1991b). Possible reasons suggested for this decline
include late-developing immune responses, lower parasite survival in more heavily
fibrosed bile ducts, death of parasite in heavily infected people, or reduced
exposure to infection in elderly groups (Fig. 1.8).
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Frequency Distribution in Humans

As for other helminths, the population infected with O. viverrini, and probably
with all three liver flukes, is highly aggregated within a small minority of the
heavily infected people. Ramsay et al. (1989) performed expulsion chemotherapy
in 33 villagers in Khon Kaen, northeast Thailand, and found that the frequency
distribution of O. viverrini is highly clumped in a small group of subjects.
The highest worm load was 565 and the mean number of flukes was 85 [standard
deviation (SD) = 154]. Haswell-Elkins et al. (1991), using a larger sample size,
observed that 81% of 11,000 worms recovered after treatment of 246 village res-
idents were expelled by just 25 individuals (10% of the sample population), with
burdens of over 100 worms. In addition, no worm was seen in some egg-positive
individuals when using expulsion chemotherapy. In an autopsy study in Khon
Kaen in which the worm burden was accurately measured, Sithithaworn et al.
(1991a) reported that 30 of a total of 181 cadavers examined contained 66% of all
the worms recovered at autopsy and only 13 people (7%) had worm burdens
greater than 400 (Fig. 1.9).

Similar to opisthorchiasis, patterns of distribution of intensity of infection
(epg) in clonorchiasis are overdispersed. The negatives and light intensity class
(epg <1000) consist of many people but only relatively few cases with heavy
infections (1.5-2.4%) (Seo et al., 1981).

Pathology and Pathogenesis

Humans

The pathological changes in liver fluke infection are confined mainly to the bile
duct, liver, and gallbladder in both human and animal models. The magnitude of
the pathology depends on the intensity, duration, and susceptibility of the host. In
light infections, the liver appears grossly normal. In massive infections, a local-
ized dilation of the thickened peripheral bile ducts can be seen on the surface
beneath the fibrotic capsule of the liver (Glisson’s capsule) (Rim, 2005). When
the infection is well established, all the large and medium-size bile duct are
prominent on the cut surface (Fig. 1.10).

A classical histopathological change in clonorchiasis was described by Hou
(1955), which is also applicable in opisthorchiasis (Bhamarapravati et al., 1978).
In the early stage of infection, the biliary epithelium frequently becomes edema-
tous, and desquamation may be seen in the areas of tissue in close proximity to
the flukes. Periductal infiltrates of mononuclear cells are frequently found; how-
ever, inflammation of the bile duct walls is generally only slight in uncomplicated
cases. Metaplasia of the biliary epithelial cells into mucin-producing cells (goblet
cells) occurs during early infection, and these cells may proliferate to produce
many small gland-like structures in the mucosa (adenomatous hyperplasia), lead-
ing to a persistent and excessively high mucus content in the bile. Chronic and
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FIGURE 1.9. Frequency distribution of adult O. viverrini in humans in endemic
communities in Thailand. (A) Worm recovered from autopsy subjects (n = 181) with
the mean of 157.5 (data from Sithithaworn et al., 1991a). (B) Worm recovery from
expulsion chemotherapy with praziquantel, with the mean of 44.8 (data from Elkins
et al., 1991).
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FIGURE 1.10. Gross morphology of the liver with chronic O. viverrini infection. (A) Prominent
thickening of subcapsular bile duct (arrow). (B) Diffuse fibrotic intrahepatic bile duct wall
(arrows).

persistent infections result in a gradual increase in the amount of fibrous tissues,
which may eventually engulf some of the proliferating glands, giving the appear-
ance of cholangiofibrosis. As this fibrosis proceeds, the epithelial proliferation
becomes milder. In such chronic cases, fecal egg counts may drop markedly.
These histopathological changes are distinctive features of clonorchiasis; there-
fore, when proliferation of the ductal epithelium with metaplastic cells and
periductal fibrosis are observed in patients in an area of endemic infection, they
are highly suggestive of liver fluke infection on histological grounds (Hou, 1955;
Gibson and Sun, 1971).

In opisthorchiasis, during early infections, there was no epithelial hyperplasia
or fibrous proliferation. In chronic infections, there was proliferation of epithelial
cells with formation of glandular acini, similar to the adenomatous changes in
clonorchiasis, and there were varying degrees of periductal fibrosis (Fig. 1.11).
The major microscopic changes are confined to the large and medium-sized bile
duct where the flukes live. The gross and microscopic characteristics of human
opisthorchiasis are well established within 7 to 15 years after O. viverrini infec-
tion. In chronic and heavy infections, various degrees of cellular infiltration are
caused by superimposed bacterial infection. This may result in suppurative
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FiGURE 1.11. Histopathology of the bile duct in chronic liver fluke infection. (A) Epithelial
and adenomatous hyperplasia of the intrahepatic bile duct. The worm uses its ventral
sucker to attach to the surface epithelium and inflammatory reaction at injury site and
periductal tissue. (B) Periductal fibrosis and focal mononuclear cell infiltration and cross
section of worms in dilated ducts.

cholangitis, and the infection may extend into parenchyma of the liver tissue,
causing cholangiohepatitis with abscess formation (Fig. 1.12). In heavy infections
with O. viverrini, adult parasites are always found in the gallbladder, the common
bile duct, and the pancreatic duct. In the large and medium-sized bile ducts, the
parasites give rise to chronic cholecystitis. When there is superimposed bacterial
infection, empyema of the gallbladder may result. No stone formation was seen,
however, either in the bile ducts or in the gallbladder in one series of 70 cases at
autopsy (Tansurat, 1971) or in another series of 154 cases (Sonakul et al., 1978).
This finding is in contrast to that seen in clonorchiasis, in which cholelithiasis is
one of the most serious complications (Rim, 1986). These complications are the
result of biliary obstruction. Parasite-induced mucin-secreting cells produce bile
with a high mucin content, which, combined with adult flukes and eggs, serves as
a nidus for bacterial superinfection and intrahepatic stone formation (Riganti et
al., 1988; Sripa et al., 2004). The mucin-rich bile and the presence of worms and
eggs in the bile duct cause cholestasis and provide a favorable environment for
secondary bacterial infection, which are of enteric origin, with Escherichia coli
being identified most frequently as a pathogen. The dilatation of intrahepatic bile
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FIGURE 1.12. Acalculus suppurative cholangitis in opisthorchiasis. (A) Cut surface of liver
segment reveals thickening bile ducts with necrotic debris in the lumen (upper part) and
a cholangitic abscess (arrow). (B) Histology of abscess showing acute inflammatory
exudates and dead worm (arrow).

ducts may progress to pyogenic cholangitis, liver abscess, and hepatitis (Sun,
1984; Rim, 2005). Enlargement of the gallbladder is commonly found in
opisthorchiasis both at autopsy (Riganti et al., 1989) and during ultrasonographic
studies in patients with O. viverrini infection (Dhiensiri et al., 1984; Elkins et al.,
1990; Mairiang et al., 1992).

Community-based studies in northeast Thailand, using ultrasonography and
cholecystography, demonstrated a dramatic increase in the frequency and severity
of gallbladder disease, specifically wall irregularity, enlargement, bile sludge, and
impaired function among apparently healthy individuals with moderate to heavy
O. viverrini infections (Haswell-Elkins et al., 1991; Mairiang et al., 1992; Elkins
et al., 1996). Following anthelmintic treatment, most of the gallbladder abnormal-
ities were eliminated, as indicated by the reduction of gallbladder size and its
regained contractility (Mairiang et al., 1993). Cholelithiasis is not particularly
frequent in opisthorchiasis; however, biliary sludge is often seen in the gall-
bladder in heavy O. viverrini infections (Elkins et al., 1990; Mairiang et al., 1992).
Granulomatous reactions around the entrapped parasite eggs are only occasion-
ally seen in the gallbladder wall (Viranuvatti and Stitnimarnkarn, 1972).
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A radiological finding in heavy infections with O. viverrini and early intrahepatic
cholangiocarcinoma (ICC) patients that may be associated with pathogenesis is a
frequent enhancement of portal vein radicle echoes (Haswell-Elkins et al., 1991;
Mairiang et al., 1992). Although the origin is unclear, these echoes may represent
fibrotic change resulting from chronic inflammation along the small intrahepatic
bile ducts where the flukes reside, as is sometimes observed in the histopathology
of liver specimens (Pairojkul et al., 1991).

Clinical Manifestation

The frequency and types of clinical disease seem to differ between the three human
liver flukes. Most notably, there were many reports in the Russian literature detail-
ing specific signs and symptoms accompanying well-defined clinical stages of
opisthorchiasis, from acute to chronic (Bronshtein, 1986). Acute infection, charac-
terized by high fever, hepatitis-like symptoms, and eosinophilia, is frequently
reported for O. felinius, but has been documented only once for clonorchiasis
(Bronshtein, 1986) and never for O. viverrini. This may be due to the large number
of migrants into the endemic area of O. felinius who become infected as adults,
which is quite unusual in the other two liver fluke infections.

Ascending cholangitis and obstructive jaundice are frequently listed as common
complications of opisthorchiasis. Pungpak et al. (1989), however, reported only
88 cases with severe manifestations among 15,243 infected people who presented
at a hospital in Bangkok. Of these, 41 had obstructive jaundice, 26 had cholangitis,
at least 16 had cholangiocarcinoma, and six had other cancers. Since radiological
investigations were not performed, cholangiocarcinoma as a cause of these mani-
festations could not be ruled out.

Two large studies by Upatham et al. (1982, 1984) and Bronshtein (1986),
within a heavily infected community, reported significantly increased frequencies
of abdominal pain in the upper right quadrant, flatulence or dyspepsia, and weak-
ness associated with increasing intensity of infection. They estimated that 5%
to 10% of the population had symptoms attributable to the infection. The findings
of this classic study would be better supported by ruling out the presence of
cholangiocarcinoma among those with symptoms, controlling for age and sex,
and performing posttreatment examinations to demonstrate recovery in the absence
of liver flukes.

Studies using ultrasonography have determined strong relationships between
gallbladder enlargement, wall irregularities, and sludge, and enhanced echogenic-
ity of portal vein radicles and the intensity of infection (Dhiensiri et al., 1984;
Mairiang et al., 1992). In a large-scale study using a sample size of 1807 individ-
uals, the results confirmed the above findings and showed the relationships in
more quantitative terms. With the intensity of infection of greater than 3000 egg
per gram feces (epg), the adjusted odd ratio for distended gallbladder and portal
vein radicles was between 14-20 and 10-28, respectively (Elkins et al., 1996).
Reversibility of these abnormalities was observed 11 months after praziquantel
treatment (Dhiensiri et al., 1984; Mairiang et al., 1993).
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Experimental Animals

Hamsters (Mesocricetus auratus), jirds (Meriones unguiculatus), guinea pigs,
and rabbits are reported to be susceptible laboratory hosts for O. viverrini
(Wykoft et al., 1966). In C. sinensis, mice and rats are additional experimental
hosts (Sohn et al., 2006) Extensive study has been done mainly in Syrian golden
hamsters starting from the pioneer pathological description of O. viverrini infec-
tion by Bhamarapravati et al. (1978); they noted that several pathological features
were similar to those in human.

The early pathological changes consisted of an acute inflammatory reaction
involving the large intrahepatic bile ducts (branch of hepatic duct) and portal
connective tissue. Focal hemorrhagic and coagulation necrosis of the liver lobules
were also noted. In the chronic phase, when the flukes developed into the adult
stage (about 4 weeks postinfection), hyperplasia and adenomatous formations of
the bile duct epithelium occurred. Granulomatous responses to adult flukes and
eggs were more common. Resolution of the granulomas around the eggs leads to
periductal and periportal fibrosis and scarring, which later becomes the most
prominent feature in the chronic infection stage (Bhamarapravati et al., 1978).
The fibrosis correlates with a marked increase in synthesis and hepatic content of
type I and, particularly, type III collagen as demonstrated in long-term infection
(Hutradilok et al., 1983; Chotigeat and Ruenwongsa, 1986). The inflammatory
responses become less severe in chronic infection than in the acute one, suggesting
that immunomodulation may occur (Sripa and Kaewkes, 2000a).

The gross appearance of the gallbladders and extrahepatic bile ducts in infected
animals was unremarkable during the first 14 days postinfection (Sripa and
Kaewkes, 2000a). From day 30 on, the gallbladder and extrahepatic bile duct wall
were slightly opaque (thickened wall), especially in the heavy infected group
(100 metacercariae). In chronic infection, particularly from day 90 onward, the
most striking lesions were observed in the extrahepatic bile ducts. These included
ductal dilatation, increased opacity (thickened wall), and periductal nodule for-
mation. The worms were commonly seen in the gallbladders and extrahepatic bile
ducts, and in heavy infection the worms may present in the pancreatic duct
(Thamavit et al., 1988). Histologically, acute inflammatory reactions, including
congestion and neutrophil and eosinophil infiltration, occur in the gallbladder as
early as day 7 of infection; the extrahepatic bile ducts show the similar changes
on day 3 postinfection (Sripa and Kaewkes, 2002). Mononuclear cell infiltration,
mucus hypersecretion, and fibrosis are gradually observed thereafter. Active
inflammation reaches a plateau at approximately day 60 of a 180-day experiment
in all infected animals. The well-established chronic histological changes of
the gallbladder and extrahepatic bile ducts are fibrosis and mononuclear cell infil-
tration with lymphoid aggregation and, additionally, ductal dilatation of the bile
ducts. Overall, the pathological changes in the extrahepatic bile ducts are more
severe than those in the gallbladder for the same dose and period of infection.
Figure 1.13 shows histopathological changes in the acute and chronic phase of
O. viverrini infection in hamsters.
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FIGURE 1.13. Histopathology of hamster liver infected with O. viverrini infection showing
inflammatory reaction around an infected bile duct. (A) Intense inflammatory reaction in
the early phase of infection (before day 21). (B) Chronic phase of infection showing
periductal fibrosis and less inflammation (90 days postinfection). See also color insert.

O. viverrini infection in hamsters was also found to be associated with renal
disease. Six weeks after infection, tegumental and antitegumental membrane
immune-complexes and amyloid fibrils were found in the glomeruli. Acute pro-
liferative glomerulonephritis due to immune-complex deposits developed a few
weeks later. The intensity of immune-complexes in all the glomeruli was reduced
gradually thereafter and was replaced by amyloid. Progressive obsolescence of
the glomeruli, tubular atrophy, interstitial inflammation, and fibrosis associated
with massive proteinuria and deterioration of renal function appeared at 10 weeks
postinfection and beyond (Boonpucknavig et al., 1992).

Host Immune Response

Although O. viverrini lives in a biliary system and does not invade into the host’s
tissue, the infection elicits a systemic immune response. At present, relatively little
is known about specific immune responses to infection, especially cell-mediated
immunity and the roles of T cells and cytokines in protective immunity and the
pathogenesis of opisthorchiasis. Most immunological research has focused on the
development of serodiagnosis and antigen characterization (Wongratanacheewin
et al., 2003).

There is marked humoral immune response [immunoglobulin (Ig) G, A, and E]
to parasite-antigens in the serum and bile of human and animals infected by the
liver fluke (Sirisinha et al., 1983b; Srivatanakul et al., 1985; Wongratanacheewin
etal., 1987; Itoh et al., 1994; Akai et al., 1995). The level of antibody IgG against
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crude somatic antigen correlated with the hepatobiliary abnormalities diagnosed
by ultrasonography, but there was little correlation with the intensity of infection
(Elkins et al., 1996). The 89-kd antigen, mainly appeared in excretory-secretory
antigen, was specific to O. viverrini, and has a potential diagnostic application
(Wongratanacheewin et al., 1988a,c). In infected individuals, the level of serum
antibodies (IgG, IgA, IgM) changed slowly and remained elevated several months
after praziquantel treatment (Ruangkunaporn et al., 1994). It is not clear whether
this reflects long-lasting immunological memory or cross-antigenic stimulations.
In the hamster model, antibody responses were first detected as early as 14 days
after infection and increased rapidly to a plateau at around 2 months postinfection
and were relatively stable thereafter (Sripa and Kaewkes, 2000b). Reinfection
with O. viverrini metacercariae elicits higher levels of IgG, which correlated with
the degree of periductal fibrosis (Pinlaor et al., 2004c).

As opposed to humoral responses, proliferative responses of mononuclear cells
to mitogen stimulation were unchanged after drug treatment (Wongratanacheewin
et al., 1988b). The role of cellular response in biliary pathology in O. viverrini
infection is evident since the severity of bile duct inflammation diminished in
T-cell-deprived hamsters (Flavell and Flavell, 1986). A reduction of an in vitro
lymphoproliferative response was also observed in hamsters infected with
O. viverrini (Wongratanacheewin et al., 1987).

In the acute phase of infection in an animal model, evidence of cellular
immune response was seen as abundant inflammatory cells at 3 weeks postinfec-
tion with O. viverrini and a marked infiltration of cells, included eosinophils,
mononuclear cells, and neutrophils (Bhamarapravati et al., 1978; Sripa and
Kaewkes, 2000b). In the chronic phase from 1 to 6 months of infection, there
was an increase in mononuclear cells and a decline of eosinophils. Following
reinfection, a smaller number of infiltrated inflammatory cells was seen but
mainly in the lymphoid follicles in association with the progression of periductal
fibrosis (Pinlaor et al., 2004c).

Although evidence presented above clearly showed that infection by O. viverrini
stimulated both systemic humoral and cell-mediated immune responses during the
course of infection, the significance of these immune responses on protective
immunity is not convincing. The fact that some individuals from the endemic area
may harbor several thousand worms (Bunnag et al., 1981; Haswell-Elkins et al.,
1994a) suggests that reinfection does occur and that immune responses fail to
prevent reinfection by the same parasite. This conclusion was confirmed when no
significant reduction in worm burden was seen in hamsters receiving immune
spleen cells and serum compared to the control groups despite a substantial reduc-
tion in the fecal egg count (Flavell et al., 1980). It was found that the primary infec-
tion of hamsters with O. viverrini, whether or not eliminated with praziquantel
before challenge, failed to confer any protective immunity to reinfection (Sirisinha
et al., 1983a). However, both groups of investigators demonstrated that the previous
exposure to O. viverrini depressed the egg output in subsequent infections. Egg
reduction could be due to biliary obstruction and not necessarily due to immunolog-
ical damage of the reproductive system of the flukes.
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The lack of protective immunity is perhaps due to immunosuppression of both
cellular and humoral immune responses by O. viverrini infection to unrelated anti-
gens as shown by reduced phytohemagglutinin-induced lymphoproliferation and
response to sheep red blood cell stimulation (Wongratanacheewin et al., 1987).
Moreover, when specific antibody was measured in the infected animals, the titer
was found to be depressed during the late stage of infection, particularly in the
heavily infected group (Sirisinha et al., 1983a). Moreover, the parasites may be
resistant to immune damage or able to evade the host defense system. The inability
to kill the worms by exposure to serum from infected animals or from patients with
opisthorchiasis and the resistance to immune damage may be related to tegumental
shedding and repair of the parasite (Sirisinha and Wongratanacheewin, 1986).

In the case of experimental clonorchiasis, protective response against reinfec-
tion was observed in rats and mice, which are good animal models to investigate
the mechanism of resistance to reinfection with C. sinensis (Chung et al., 2004;
Sohn et al., 2006). In contrast, primary infection of hamsters with O. viverrini
showed no resistance against reinfection with the same parasite (Sirisinha et al.,
1983a). There is evidence that both humoral and cellular responses may play a
role in the observed resistance in the animal model (Quan et al., 2004).

Liver Fluke Infection and Cholangiocarcinoma

Infection and chronic inflammation are proposed to contribute to carcinogenesis
through inflammation-related mechanisms. Infection with hepatitis C virus, Helico-
bacter pylori, and the liver flukes O. viverrini and C. sinensis is an important risk
factor for hepatocellular carcinoma, gastric cancer, and cholangiocarcinoma,
respectively. In 1994 the International Agency for Research on Cancer (IARC,
1994) classified O. viverrini as a class 1 carcinogen and C. sinensis as a class 2A
carcinogen to humans. On the other hand, the evidence in regard to O. felineus is
insufficient to assess its role in carcinogenesis.

Intrahepatic cholangiocarcinoma (ICC), also called peripheral cholangiocarci-
noma, is a malignant tumor arising from the biliary epithelium of the intrahepatic
biliary tree; it accounts for 10% to 15% of primary liver cancer and overlaps in its
geographical distribution with endemic areas of O. viverrini and C. sinensis
(Parkin et al., 1993). Although the etiology is not known, chronic inflammation of
the bile ducts and conditions associated with bile stasis are predisposing factors to
the development of ICC. These conditions include primary sclerosing cholangitis,
liver fluke infection, and recurrent cholangitis with hepatolithiasis. Intrahepatic
cholangiocarcinoma is an intrahepatic bile duct cancer. In Thailand, ICC was
12 times more common in the northeast, the endemic area of O. viverrini, than in
regions with low prevalence of O. viverrini (Srivatanakul et al., 1988). The age-
standardized incidence of ICC in Khon Kaen of 84.6 and 36.8 per 100,000 for
male and female, respectively, was the highest in the world (Vatanasapt et al.,
1993). Several epidemiological studies revealed that evidence of current or
past experience of liver fluke infections, in terms of intensity of infection,
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seropositivity for liver fluke infection, radiological evidence of C. sinensis
infection, is the major risk factor of ICC (Honjo et al., 2005; Choi et al., 2006;
Lim et al., 2006). A linear trend of the frequency of suspected ICC and fecal egg
count was also observed where the odds ratio of 14.1 was found in a group with
an epg >6000, which is equivalent to >120 worms (Haswell-Elkins et al.,
1994b). Additional risk factors reported in ICC were area of residence, alcohol
consumption, age, and sex; host genetic polymorphism of glutathione
S-transferase enzyme (GSTM1) in association with seropositivity for opisthorchi-
asis was found to be an important risk factor of ICC. This evidence suggests a
classic gene—environment interaction that plays a crucial role in individual
susceptibility to ICC.

An ICC in the endemic area of liver fluke infection is similar to that described
in nonendemic regions. In ICC, the tumor arises from the peripheral bile duct and
can directly invade the sinusoids of the adjacent liver parenchyma to form a tumor
nodule; in most clinical cases, the disease is in an advanced stage and usually
appears as a large, single, white firm tumor with a distinct margin in the noncir-
rhotic liver (Nakajima et al., 1988). The most common histopathology of ICCs
(>95%) is adenocarcinoma showing a glandular or papillary structure with a vari-
able fibrous stroma (Fig. 1.14). There is no dominant histologic type of ICC in the
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FIGURE 1.14. Intrahepatic cholangiocarcinoma (ICC) in association with O. viverrini
infection. (A) Gross pathology of ICC appears in focal liver mass in a noncirrhotic liver.
(B) Histology of ICC showing well-differentiated adenocarcinoma with fibrotic stroma.
See also color insert.
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case of liver flukes or hepatolithiasis when compared to those from non-endemic
areas (Shirai et al., 1992). Intrahepatic cholangiocarcinoma is originated from
the surface epithelial cells lining bile ducts. Atypical hyperplasia and dysplasia
that lie adjacent to ICC are potential precancerous lesions in both fluke and non-
fluke-related ICC (Hou, 1955; Kim, 1984). This observation supports the fact that
ICCs with different etiology backgrounds may have a common histogenesis.
Chronic infection results in chronic inflammation of the bile ducts, with epithe-
lial changes including hyperplasia, proliferation with acini formation (adenoma-
tous hyperplasia), goblet cell metaplasia, and periductal fibrosis (Hou, 1955;
Tansurat, 1971; Riganti et al., 1989; Pairojkul et al., 1991). The acini formation of
the adenomatous hyperplasia in liver fluke infection is intramural peribiliary
gland hyperplasia (Terada and Nakanuma, 1992). Morphological studies in Hong
Kong and Korea indicate that carcinoma usually arises in association with preex-
isting epithelial changes and neoplastic transformation from adenomatous hyper-
plasia in bile ducts to ICC through dysplastic changes of lining cell or from
cholangiofibrosis and is clearly demonstrable (Fig. 1.15). Histopathologic char-
acteristics indicated that O. viverrini and C. sinensis are predisposing conditions
for pathogenesis of ICC in Asia. Strong supporting evidence was demonstrated in
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FIGURE 1.15. Microscopic view of ICC with preexisting liver fluke-associated pathology.
(A) Early ICC (arrow) in liver fluke—associated adenomatous hyperplasia of the intrahep-
atic bile duct. (B) Early ICC (arrow) in epithelial hyperplasia of periductal fibrotic lining
of the bile duct. Note several worms in the duct lumen. See also color insert.
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FIGURE 1.16. Intrahepatic cholangiocarcinoma (ICC) in hamster model from its induction
with O. viverrini and dimethylnitrosamine. (A) Gross appearance, showing the enlarged
liver with its nodular surface at the right lateral lobe. (B) Microscopic feature of well-
differentiated tubular adenocarcinoma. See also color insert.

an animal model in which hamsters could be induced to develop ICC by infection
with O. viverrini or C. sinensis and administration of a subcarcinogenic dose of
dimethylnitrosamine, as shown in Figure 1.16.

Inflammation-Related Cholangiocarcinogenesis

Most authors of the earlier study suggested that the liver flukes mediate tissue dam-
age directly by mechanical and chemical irritation (Tansurat, 1971; Viranuvatti and
Stitnimarnkarn, 1972; Harinasuta and Harinasuta, 1984; Kim, 1984; Thammapalerd
et al., 1988), but some studies postulated that parasite-specific immune responses
may play a major role (Bhamarapravati et al., 1978; Flavell, 1981; Flavell and
Flavell, 1986; Haswell-Elkins et al., 1991). At present, although the underlying
enhancement of neoplasia by liver flukes is not fully understood, carcinogenesis is a
multistage process in which many factors are likely to be involved. However, the
mechanistic explanation is gradually becoming clearer, particularly since Ohshima
et al., (1994) have hypothesized that the chronic infection and inflammation is a risk
factor of carcinogenesis due to the possible role of nitric oxide.

During liver fluke infection, macrophages and other cell types (e.g., mast cells,
eosinophils, epithelial cells), activated by parasite-specific T cells and cytokines,
synthesize nitric oxide (NO) from L-arginine via the induction of inducible nitric
oxide synthase (iNOS) in order to kill the parasite. Nitric oxide is not only cytotoxic
but also genotoxic at physiological concentrations. Excess NO production plays a
crucial role in a variety of pathological processes, including cancer (Hussain et al.,
2003; Ohshima et al., 2003). Nitric oxide reacts with superoxide (O,*—) to form
peroxynitrite (ONOO—), a highly reactive species causing nitrative and oxidative
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DNA damage. ONOO- can mediate the formation of 8-0xodG (see below) (Inoue
and Kawanishi, 1995) and 8-nitroguanine, a marker of nitrative DNA damage.

Endogenous nitrosation caused by liver fluke infection has been studied in both
animal models and humans. In O. viverrini—infected people, there were significant
increases in plasma and urinary nitrate and N-nitrosoproline (NPRO) in urine after
proline loading, nitrate, and NPRO, the indicators of endogenous NO synthesis
and nitrosation reactions, respectively (Srivatanakul et al., 1991; Haswell-Elkins
et al., 1994b). The site of the endogenous reaction was proven to be extragastric,
that is, within the inflamed bile duct (Satarug et al., 1996a). Direct measurement of
the carcinogenic product of nitrosation reaction, N-nitrosodimethylamine
(NDMA), excreted in the urine, appeared to be associated with in vitro lymphopro-
liferative responses to liver fluke antigens; after the flukes were removed following
praziquantel treatment, the association disappeared (Satarug et al., 1998). In
multivariate analyses, NDMA levels were related to urinary nitrates, stimulation
indices for two T-cell responses to two parasite antigens (MW 37 kd and 110 kd)
and gallbladder dimensions. In active infection with O. viverrini, NDMA is further
activated by some isoforms of cytochrome P-450 (CYP) enzymes, mainly CYP2E1
and CYP2AG6, to become ultimately carcinogenic as shown in human and animal
models (Kirby et al., 1994; Satarug et al., 1996b). This increase in CYP2A6-
related enzyme activity may represent an important mechanistic link between
inflammatory products of chronic liver fluke infection and the high risk of cholan-
giocarcinoma faced by infected individuals.

To mimic the pattern of infection in humans, the role of reinfection with O. viver-
rini on carcinogenesis in a hamster model was examined (Pinlaor et al., 2004c). The
degree of pathological changes, including periductal fibrosis, bile duct dilation,
small bile duct formation, and O. viverrini—specific IgG level, correlated with the
number of reinfections, that is, triple infection > double infection > single infec-
tion groups. Liver enzyme activity was related to the degree of inflammatory cell
infiltration. It was concluded that reinfection with O. viverrini induced a more
rapid inflammatory reaction and more severe pathological changes in association
with parasite-specific antibody level through chronic inflammation. Further evi-
dence at the molecular level was that infected hamsters expressed iNOS; hence,
more NO was produced and the increased reactive oxygen species (ROS) mediated
the formation of DNA adducts, namely 8-oxo-7,8-dihydro-2’'-deoxyguanosine
(8-0x0dG) and 8-nitroguanine through chronic inflammation (Pinlaor e