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Abstract

Hepatitis B and C virus, Opisthorchis viverrini and Clonorchis sinensis, are all individually known to put a person

at increased risk for cholangiocarcinoma and hepatocellular carcinoma. This paper seeks to determine if there is any
interaction between liver flukes and hepatitis virus infection that are known to put a person at an increased risk

for cholangiocarcinoma and hepatocellular carcinoma collectively. This paper seeks to determine whether there is any
publicly available articles in English that determine if having a hepatitis viral co-infection along with liver flukes would
influence the risk of developing liver cancer. We followed PRISMA systematic review guidelines to conduct a litera-
ture review. Three manuscripts fit the search criteria. Two presented evidence in support of a synergistic relationship
between liver fluke and viral hepatitis infection while the other found no relationship. One manuscript determined
that the interaction between hepatitis B and C. sinensis did not have any significant risk of liver cancer. Studies found
that HBV affected progression of co-infection to liver cancer but may have its own disease state worsened by pres-
ence of liver flukes. Only one paper was found that presented data on HCV, therefore no conclusion can be drawn
due to the lack of evidence discovered. Of the studies, the conclusions and strength of the data were mixed. However,
the stronger studies suggested a synergistic relationship between liver flukes and HBV to increase the risk of progress-

ing to liver cancer.

Keywords Hepatitis, Liver flukes, Liver cancer, Opisthorchis viverrini, Clonorchis sinensis, Cholangiocarcinoma,

Hepatocellular carcinoma

Introduction

Objectives

While the mechanism behind how liver flukes work
to cause cholangiocarcinoma (CCA) and hepatocel-
lular carcinoma (HCC) has been well studied, there is a
dearth of peer-reviewed literature on how comorbidi-
ties such as viral hepatitis (B and C) affect the progres-
sion of CCA and HCC. The most vulnerable populations
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with comorbidities can benefit through more research on
this topic. Once the disease progresses to CCA or HCC,
it will almost always be fatal in these populations so pre-
vention and treatment of liver flukes should be prior-
itized and identification of external factors that could be
contributors.

In this paper, we examine the effect of Hepatitis B and
C viruses on the progression of O. viverrini and C. sinen-
sis to CCA or HCC. We conducted a systematic review
to analyze the available literature and identified the gaps
and limitations in the manuscripts which impede show-
ing causality.
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Prevalence and geographic distribution
Liver fluke infections caused by Opisthorchis viverrini, O.
felineus, and Clonorchis sinensis pose a major health risk
to over 600 million people globally [7].

It is estimated that worldwide there are over 10 million
people infected with O. viverrini and that 6—-8 million of
those individuals live in Thailand [24, 25]. O. viverrini is
endemic to Southeast Asian countries, including Thai-
land, Lao People’s Democratic Republic, Vietnam, and
Cambodia [8]. Even within Thailand the distribution of
liver flukes is uneven with the north (19.3%) and north-
east (15.7%) causing a high prevalence compared to the
central (3.8%) and southern (0%) regions [6]. Khon Kaen
province in northeast Thailand has the highest incidence
liver fluke induced cholangiocarcinoma in the world [5,
16, 29].

It is estimated that globally over 35 million people are
infected, and that 1.5-2 million people show symptoms
or complications of C. sinensis [27]. C. sinensis infection
is common in rural areas of Korea and China [8]. China
has the largest population of infected people, which is
estimated at 15 million [27].

Infection with food-borne parasites is common in
these regions because uncooked cyprinoid fish are a sta-
ple of the diet. Liver fluke infection occurs when a human
ingests raw freshwater fish that are fluke-infested [10].
Poor sanitation and sewage infrastructure in these coun-
tries also contribute to this problem. People infected with
these liver flukes pass the eggs into the fresh water supply
through the improper disposal of feces, which then leads
to a continued cycle of infections [15].

In this article we are going to focus on O. viverrini and
C. sinensis because they are predominantly found in Asia
while O. felineus is mainly found in Italy, Germany, Bela-
rus, Russia, Kazakhstan, and Ukraine [15]. These popu-
lations have different comorbidity burdens and access to
healthcare which makes comparison insignificant.

Mechanism for causing cancer
Most people who have O. viverrini and C. sinensis do
not display any symptoms of infection. About 5%-10%
of individuals, usually heavily infected, have symptoms
of right upper quadrant abdominal pain, flatulence, and
fatigue [12, 19, 28]. Long-term and heavy parasite count
infection of liver flukes is associated with several differ-
ent hepatobiliary diseases including cholangitis, obstruc-
tive jaundice, hepatomegaly, fibrosis of the periportal
system, cholecystitis, and cholelithiasis [4, 23] .

Liver flukes are classified as a group 1 carcinogen as
the mechanical, immunopathic, and secretory pathways
of the parasite have been directly linked to causing
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cholangiocarcinoma (CCA) and Hepatocellular carci-
noma (HCC) [11, 16, 25]. It is estimated that around
one in six people who are infected with liver flukes will
develop CCA or HCC and the prognosis is very poor
with an almost 100 percent fatality rate [17].
Mechanically, the liver flukes use their suckers to bind
to the walls of the biliary ducts which causes ulcers [18].
The liver fluke eggs can then become ensnared in those
ulcers and can cause granulomatous inflammation of
the periductal tissue. C. sinensis, which is larger in size
than O. viverrini, can cause a partial bile duct obstruc-
tion resulting in bile stasis and an increase in biliary
pressure. Additionally, the immune response to the
parasite causes damage to the cells which contributes to
the mutation of the DNA. Many different immune cells
respond to the presence of the parasite and attack the
region which it occupies. Finally, the parasite’s excre-
tory/ secretory products promote immune mediated
inflammation which also encourages DNA mutation.
All this damage can cause inflammation and then even-
tually healing which repeats for the whole length of the
infection. This cyclic process can eventually cause DNA
mutations that lead to the development of CCA.

Viral hepatitis and its role on the liver

Viral Hepatitis plays an important role in the global
cancer scale as it is the second leading cause of can-
cer behind tobacco use [1, 2]. Hepatitis B virus (HBV)
belongs in the Hepadnaviridae family and Hepatitis
C virus (HCV)is a member of the Flaviviridae fam-
ily. The viruses are estimated to chronically infect over
300 million people globally and about 2 billion people
(1 in 3) have been infected at one point in their life
(CDC, 2019). Most people who are infected with HBV/
HCV can clear the virus but an estimated 5%-10% of
adults and 90% of babies will develop chronic hepati-
tis [9]. Chronic hepatitis infection can cause liver dam-
age that can lead to liver disease or liver cancer [9]. It
is estimated that 60%-75% of global chronic hepatitis
infections are found in Asia and are endemic in many
parts of the country [13]. HBV/HCV has been circu-
lating around Asian countries for many centuries and
they historically have low rates of vaccination [20]. A
large proportion of individuals with chronic HBV/HCV
infection in these countries were infected at childbirth
and it is common to see many individuals in one house-
hold with the virus [20].

Liver flukes are a neglected tropical disease and
resources for treating it are limited in these Asian coun-
tries. Understanding the comorbidities that increase
the rate of progression from liver fluke infection to
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CCA or HCC would allow for more targeted treatment
of the highest risk populations.

Methods
While performing this review we followed the PRISMA
predefined systematic review guidelines. To summarize
the following methods, we began by conducting a litera-
ture search based on the later established criteria. Then
each article was screened to make sure that there were no
duplicates and to make sure that they suited the inclusion
criteria. Finally, the remaining articles were screened for
their eligibility and included in the final analysis.

Inclusion criteria included the following parameters:
(1) Any paper that looks at the following 3 diseases
together (a)CCA or HCC (b) HBV or HCV (c) O. viver-
rini or C. sinensis; (2) Publications in English due to the
language limitations of the reviewers; (3) published full
text available.

Exclusion criteria included: (1) Non-human subjects;
(2) Study with not reliably extracted, duplicate, or over-
lapping data; (3) Abstract-only papers as proceeding
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papers, conference, editorial, theses, and books; (4) Arti-
cles without available full text available, (5) Systematic
review studies.

No exclusion was made on age, race, gender, and publi-
cation date. There were no exclusions included based on
the study type, but it was required that it looked at the
relationship between CCA or HCC, HBV or HCV, and O.
viverrini or C. sinensis. There were articles that included
all 3 of these words but did not examine them in rela-
tion to each other and those articles were excluded. The
search included papers that were published from incep-
tion till 2021 which is when the review was conducted.

Search strategy

A standard search strategy is used in PubMed, then
later it is modified according to each specific database
to get the best relevant results. Search strategies are
constructed to include free-text terms such as the title
or abstract. In PubMed the terms [tiab] and [MeSh]
were used in the search to restrict the query to the title

—
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Fig. 1 PRISMA flow diagram of search, screening, and identification of eligible manuscripts for the systematic review. This figure was adapted

from [14]
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or abstract and to look for free text terms respectively.
The following databases were searched: PubMed, Sco-
pus, Cochrane, and Google Scholar. Figure 1 shows
this process in the PRISMA flow diagram including
the number of articles found at each stage.

The following search strings were used and adapted
to each of the search databases:

(“Opisthorchis viverrini” OR “O. viverrini” OR “Clon-
orchis sinensis” OR “C. sinensis” OR “Clonorchiasis”
OR “Opisthorchiidae”)

AND

(“Hepatitis” OR “Hepatitis virus” OR “viral hepatitis”
OR “Hep B” OR “Hep C” OR “HBV” OR “HCV”)
(“liver cancer” OR “Hepatocellular carcinoma” OR
“HCC” OR “Cholangiocarcinoma” OR “CCA” OR
“gastrointestinal cancer” OR “GI Cancer” OR “pri-
mary liver cancer” OR “liver disease”)

Snowball sampling was also completed off the papers
that were identified to fit the inclusion criteria. This
included the papers that they cited as well as the
papers that cited the identified articles.

There were no tools that were used to complete nat-
ural language processing or text frequency analysis.
No automation tools were use in this literature review.

Data screening

The primary author read the titles and abstracts of the
full list of retrieved articles and kept those that either
a) demonstrated relationships between liver flukes,
Hepatitis virus, and liver cancer; or b) the purpose and
results of the article could not be determined based on
title or abstract alone.

A reviewer separately then analyzed the 15 full-text
articles that had been found after duplicates had been
removed, exclusion criteria had been applied, the arti-
cles were determined to be full length, and were pub-
lished in English. The author and reviewer found three
articles that fit the inclusion criteria and did not have
any of the exclusion criteria. The other 12 articles and
the reasons why they were excluded can be found in

Table 1 Manuscripts included in systematic review
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the Appendix. Data was then extracted by the author
and checked by the reviewer to confirm that it was
correct.

Results

Study selection

Our search strategy allowed us to identify 155 papers, of
which 140 were excluded by title, abstract evaluation, and
duplication. Duplicate entries were identified by consid-
ering the author, the year of publication, the title of the
article, and the volume, issue, and page numbers of the
source. In questionable cases, the abstract texts were
compared. As a result, 15 studies were initially screened
by reviewing the corresponding full-text papers. Then, 7
records were excluded due to lack of consistent evidence
related to cancer, hepatitis, or liver flukes. Thus, 8 records
were then assessed for eligibility according to the criteria
outlined previously. Finally, 3 were eligible for our analy-
sis. Type of source included 100% journal manuscripts.

Analysis
As there were only three articles, the author extracted the
data from each of the articles and conducted an analysis.

Information describing the studies analyzed are sum-
marized in the Table 1, including author, publication
year, study design, country, sample size, and evidence.
We identified 1 case-series and 2 case-controls. The pub-
lication years ranged from 1996- 2017. Geographically
2 of the studies were conducted in China (66.7%) while
1 was conducted in Korea (33.3%). All the studies were
conducted on humans, and they were all obtained after
diagnosis with either viral hepatitis, liver cancer, or liver
fluke infection.

The articles that were written by Shi et al., and Li et al,,
found that there was some correlation between viral
Hepatitis and an increased risk for the progression of
liver fluke infection to liver cancer [21]. They both found
that HBV infection can not only affect that progression
but also may have its own disease state worsened by the
presence of liver flukes. Each of the papers concluded
that the presence of liver fluke alongside viral hepatitis
was accompanied by an increased HBV viral load, which
in turn itself is a large risk for the development of HCC
and CCA. Shi and colleagues’ study found that C. sinensis

Authors  Publication Year Study Design Sample Size Country Hepatitis Type Liver Fluke Cancer Reference

Li, et al. 2016 Case- control 701 China HBV and HCV C. sinensis HCCand CCA  (Li, Dong, Huang, Chen,
Kong, Sun, Yu and Xu,
2016) [8]

Shin, etal. 1996 Case—control 650 Korea HBV C. sinensis HCC and CCA  (Shin, et al,, 1996) [22]

Shi,etal. 2017 Case-series 20 China HBV C. sinensis HCC and CCA  (Shi,etal, 2017) [21]
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infection was a strong risk factor for CCA and HCC as 18
of the 20 patients identified had flukes in their stool [21].
Shi and colleagues’ paper also found that co- infection
is commonly found in liver cancer patients with 7 out of
the 20 (35%) of the CCA and HCC patients co-infected
with liver flukes and HBV [21]. Li and colleagues’ paper
noted that there were weaker liver function indica-
tors and higher HBV DNA titers in patients who were
dual-infected rather than mono-infected with HBV or
C. sinensis. Liver function was measured using Alanine
transaminase (ALT), Aspartate transaminase (AST), and
total bilirubin (TB) numbers. Li and colleagues’ paper
also supported the conclusion of a synergistic effect by
showing that a combination anti-viral and anti-parasitic
treatment had a much higher success rate when com-
pared to an anti-viral treatment of HBV in patients who
were dual-infected. Shi et al, and Li et al., both con-
cluded that C. sinensis metabolites may directly enhance
HBV replication and increase liver transaminases levels
which can be interpreted as the co-infection of C. sinen-
sis and HBV causing an aggravated disease state. All of
the data in these two papers were able to support a com-
pounding effect of HBV infection and C. sinensis causing
an increased risk for HCC and CCA.

The final paper, written by Shin, was a case—control
that looked at the combination of many different factors
and their effect on liver cancer [22]. This paper looked at
the combination of viral hepatitis and C. sinensis on an
individual’s risk for CCA and HCC. The authors found
that the presence of having a hepatitis B surface antigen
(HBsAg) positive test led to a statistically significant rela-
tive risk (RR) of 87.4 for the development of HCC. They
also were able to show that anti-HCV positivity, C. sin-
ensis in the stool, transfusion history, and liver fluke his-
tory all had relative risks over 2 for both HCC and CCA.
The RR for C. sinensis in the stool, hepatitis history, and
liver fluke history were statistically significant for devel-
opment of CCA. When the model included interaction
terms for hepatitis virus and C. sinensis in the stool and
were compared with the full model by the log likelihood
ratio test they found that it did not have any significant
risk of liver cancer. They ended up concluding that HBV
and HCV were independent risk factors of the develop-
ment of HCC. While liver fluke infection was a risk factor
for CCA, there was not significant information to sup-
port any synergistic effect between liver fluke infection,
hepatitis virus, and liver cancer.

There can be no clear conclusions drawn about HCV
as there was only one paper that examined it. With only
one study available, not enough data is present to provide
analysis on the effect that HCV has on liver cancer pro-
gression in liver fluke patients.
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Analysis of bias

To minimize the bias that can be present from the
author, an independent review was conducted by a sec-
ond reviewer and then a consensus was reached. Only
studies that were found to have a valid level of associa-
tion were included in the study. Bias within each paper
was analyzed by the author and a reviewer. Selection bias,
information bias, recall bias, and assessment of certainty
in body of evidence were added into Table 2.

Discussion

Overall, there is not enough sufficient evidence to draw
strong conclusions. There are strengths and weaknesses
of each paper that can be used during the analysis.

Shi’s paper was a case series which observed 20 clini-
cal liver cancer cases. There is no control group in which
the data can be compared. The size of the case-series is
also only 20 which is not a very large sample size and can
cause bias in the data. The cases were only taken from
individuals who visited the Hengxian People’s Hospi-
tal which could potentially cause some level of selection
bias. The researchers also were not able to exclude fac-
tors that impaired the liver in other ways such as alcohol
consumption, hepatitis A infection, etc. which could have
impacted the liver in other ways. The paper states that
they were very limited in their funding and manpower
which led to such a narrow scope of investigation and a
small number of clinical cases. Despite these limitations
though, they were still able to conclude that co-infection
with liver flukes and HBV led to an increase in risk for
HCC and CCA.

The papers by Shin and colleagues and Li and col-
leagues, respectively, had much larger sample sizes and a
more diverse population [22, 8] . Li and colleagues’ paper
had 701 participants and Shin and colleagues’ paper had
650 participants. Both papers were case—control studies
which are considered more reliable because they follow
the experimental design and have a control group which
allows for better comparison. One of the limitations in
Shin and colleagues’ paper though was the smaller CCA
population size. They only had 41 CCA cases to study
compared to the 203 HCC cases. Shin and colleagues’
research is outdated though with data being collected
between 1990 and 1993. There has been a lot of develop-
ment in technology and treatments since that time so the
data may not be as reliable as data that was more recently
collected and analyzed. Since this paper was published
there have been other publications that dispute some
of the findings found. In the paper they concluded that
HBsAg positivity does not increase your risk for CCA,
but there has now been recent evidence that shows
HBsAg is the leading cause of liver cancer worldwide
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[26]. There has also been evidence found that the co-
infection of HBV and HCV do have a synergistic effect on
an individual’s risk for the development of HCC [3]. Since
the findings in Shin and colleagues’ paper have since
been disputed, their discussions and conclusions should
be interpreted cautiously.

The two papers by Shi and colleagues and Li and col-
leagues concluded that that there was sufficient evidence
to determine a compounding relationship between liver
fluke and HBV infection. All of the papers are able to
show that HBV and C. sinensis in the stool individually
increase your risk for CCA and HCC, but Shi et al., and
Li et al,, concluded they influence each other. Li et al,
found that liver function, which was measured by ALT,
AST, and TB levels, was significantly higher in the liver
fluke and HBV co-infected group when compared to the
HBV mono-infected group. Li et al, also found HBV
DNA log copies were also significantly higher in the co-
infected group. As increased HBV viral load was shown
in all 3 papers as a strong predictor for HCC and CCA it
can be assumed that there is a compounding effect as C.
sinensis’ metabolites increases HBV proliferation. Most of
the data from this literature review supports the hypoth-
esis that there is a compounding or synergistic effect of
co-infection of C. sinensis and HBV infection and an
individual’s risk of HCC or CCA development.

There were some large gaps in the research that were
found when conducting this review. The first that was
identified was that there were no papers that looked at
O. viverrini in detail. All the papers used evidence that
only pertained to C. sinensis and mentioned that O. viver-
rini was also potentially a factor. There was only one
paper that analyzed HCV which led to no conclusions
being drawn. With such limited data, HCV may be pri-
oritized for further investigation. Research needs to be
done to better identify how both liver flukes are affected
by HBV/HCV. It can also be seen that there is a lack of
research in this field in general. There were only 3 papers
that could be identified that looked at this issue. There is
a lack of understanding of how other factors affect this
progression. It is important that more research be done
to identify the effect that viral hepatitis, as well as other
comorbidities, have on the progression of liver fluke
infection to liver cancers.

Conclusion

This analysis seeks to pull together all the research that
looks at the effect of HBV/HCV on the progression of
Opisthorchis viverrine and Clonorchis sinensis to HCC
and CCA. It also seeks to highlight pertinent gaps in the
research and to identify opportunities to develop pro-
grams that could help address these needs. Of the few
studies, the conclusions and strength of the data were
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mixed. However, the stronger studies suggest that there is
a synergistic relationship between liver flukes and HBV/
HCV to increase the risk of progressing to liver cancer.
Further research into the interactions between the two
diseases may provide an insight into the biochemical and
mechanical mechanisms that make the liver vulnerable to
cancer. In the regions where liver flukes are found there
are a number of other diseases that affect the liver such as
diabetes, cirrhosis, and non-alcoholic fatty liver disease
that have a high prevalence. Research into the relation-
ship between these comorbidities and liver flukes may
provide further insight into the mechanisms of disease
progression.

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/540794-023-00215-8.

Additional file 1: Table 2. List of the full text articles that were excluded
after assessment for eligibility. Inclusion and exclusion criteria were
assessed based on the title and abstract of each article and the following
were deemed not applicable to this review.

Acknowledgements
I would like to acknowledge editorial assistance from Dr. Ginger Chew.

PRISMA registration
This search criteria was not registered with the PRISMA system as the data
collection had already been conducted.

Authors’ contributions
AO is solely responsible for this paper.

Funding
Not applicable.

Availability of data and materials

« The three main articles analyzed in this paper are available at the following
websites.

« https://journals.plos.org/plosntds/article?id/10.1371/journal.pntd.0004806
« https://link.springer.com/article/10.1007/500436-017-5572-1

« https://academic.oup.com/ije/article/25/5/933/689218

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests

The authors declare that they have no competing interests.

Received: 25 May 2023 Accepted: 13 December 2023
Published online: 15 March 2024


https://doi.org/10.1186/s40794-023-00215-8
https://doi.org/10.1186/s40794-023-00215-8
https://journals.plos.org/plosntds/article?id/10.1371/journal.pntd.0004806
https://www.link.springer.com/article/10.1007/s00436-017–5572-1
https://www.academic.oup.com/ije/article/25/5/933/689218

O’Rourke Tropical Diseases, Travel Medicine and Vaccines

References

1.

20.

21.

Chen MS Jr. Hepatitis Bamong Asian Americans: Prevalence, progress,
and prospects for control. World J Gastroenterol. 2015;21(42):11924.
https://doi.org/10.3748/wjgv21.i42.11924.

Dunn, R, Musabaey, E., Razavi, H., Sadirova, S., Bakieva, S., Razavi-Shearer,
K., Brigida, K., Kamili, S., Averhoff, F, & Nasrullah, M. (2020). Progress
Toward Hepatitis B and Hepatitis C Elimination Using a Catalytic Fund-
ing Model—Tashkent, Uzbekistan, December 6, 2019-March 15, 2020.
MMWR. Morbidity and Mortality Weekly Report, 69(34), 1161-1165.
https://doi.org/10.15585/mmwr.mm6934a3.

El-Serag HB. Epidemiology of viral hepatitis and hepatocellular carci-
noma. Gastroenterology. 2012;142(6):1264-1273.e1. https://doi.org/10.
1053/j.gastro.2011.12.061.

Harinasuta C, Harinasuta T. Opisthorchis viverrini: Life cycle, intermediate
hosts, transmission to man and geographical distribution in Thailand.
Arzneimittelforschung. 1984;34(9B):1164-7.

IARC Working Group on the Evaluation of Carcinogenic Risks to Humans.
Schistosomes, liver flukes and Helicobacter pylori. IARC Monogr Eval
Carcinog Risks Hum. 1994;92(61):1-241.

Jongsuksuntigul P, Imsomboon T. Opisthorchiasis control in Thailand.
Acta Trop. 2003;88(3):229-32. https://doi.org/10.1016/j.actatropica.2003.
01.002.

Keiser J, Utzinger J. Emerging Foodborne Trematodiasis. Emerg Infect Dis.
2005;11(10):1507-14. https://doi.org/10.3201/eid1110.050614.

LiW, Dong H, Huang Y, Chen T, Kong X, Sun H, Yu X, Xu J. Clonorchis
sinensis Co-infection Could Affect the Disease State and Treatment
Response of HBV Patients. PLoS Negl Trop Dis. 2016;10(6): e€0004806.
https://doi.org/10.1371/journal.pntd.0004806.

Liang TJ. Hepatitis B: The virus and disease. Hepatology. 2009;49(S5):513-
21. https://doi.org/10.1002/hep.22881.

Lim JH. Liver Flukes: The Malady Neglected. Korean J Radiol.
2011;12(3):269. https://doi.org/10.3348/kjr.2011.12.3.269.

. Machicado C, Marcos LA. Carcinogenesis associated with parasites other

than Schistosoma, Opisthorchis and Clonorchis: A systematic review. Int J
Cancer. 2016;138(12):2915-21. https://doi.org/10.1002/ijc.30028.
Mairiang E, Elkins DB, Mairiang P, Chaiyakum J, Chamadol N, Loapaiboon
V, Posri S, Sithithaworn P, Haswell-Elkins M. Relationship between inten-
sity of Opisthorchis viverrini infection and hepatobiliary disease detected
by ultrasonography. J Gastroenterol Hepatol. 1992;7(1):17-21. https://doi.
0rg/10.1111/j.1440-1746.1992.tb00928 x.

Merican I, Guan R, Amarapuka D, Alexander MJ, Chutaputti A, Chien RN,
Hasnian SS, Leung N, Lesmana L, Phiet PH, Sjalfoellah Noer HM, Sollano
J,Sun HS, Xu DZ. Chronic hepatitis B virus infection in Asian countries. J
Gastroenterol Hepatol. 2000;15(12):1356-61. https://doi.org/10.1046/j.
1440-1746.2000.0150121356.x.

Moher D, Liberati A, Tetzlaff J, Altman DG, The PRISMA Group (2009).
Preferred Reporting Items for Systematic Reviews and Meta-Analyses:
The PRISMA Statement. PLoS Med, 6(7). https://doi.org/10.1371/journal.
pmed1000097.

Pakharukova MY, Mordvinov VA. The liver fluke Opisthorchis felineus: Biol-
ogy, epidemiology and carcinogenic potential. Trans R Soc Trop Med Hyg.
2016;110(1):28-36. https://doi.org/10.1093/trstmh/trv085.

Parkin, D. M., Waterhouse, J., & International Agency for Research on
Cancer (Eds.). (1997). Cancer incidence in five continents. Vol. 7: Cancer
incidence in five continents. IARC Press.

Parkin DM. The global health burden of infection-associated cancers in
the year 2002. Int J Cancer. 2006;118(12):3030-44. https://doi.org/10.
1002/ijc.21731.

Prueksapanich P, Piyachaturawat P, Aumpansub P, Ridtitid W, Chaiteerakij
R, Rerknimitr R. Liver Fluke-Associated Biliary Tract Cancer. Gut and Liver.
2018;12(3):236-45. https://doi.org/10.5009/gnl17102.

Pungpak S, Bunnag D, Harinasuta T. Clinical and laboratory evaluation of
praziquantel in opisthorchiasis. Southeast Asian J Trop Med Public Health.
1983;14(3):363-6.

Sandhu, H. S, Roesel, S., Sharifuzzaman, M., Chunsuttiwat, S., & Tohme, R.
A. (2020). Progress Toward Hepatitis B Control—South-East Asia Region,
2016-2019. MMWR. Morbidity and Mortality Weekly Report, 69(30),
988-992. https://doi.org/10.15585/mmwr.mm6930a2.

ShiY, Jiang Z,Yang Y, Zheng P, Wei H, Lin Y, Lv G, Yang Q. Clonorchis
sinensis infection and co-infection with the hepatitis B virus are impor-
tant factors associated with cholangiocarcinoma and hepatocellular

(2024) 10:6

22.

23.

24,

25.

26.

27.

28.

29.

Page 8 of 8

carcinoma. Parasitol Res. 2017;116(10):2645-9. https://doi.org/10.1007/
s00436-017-5572-1.

Shin HR, Lee CU, Park HJ, Seol SY, Chung JM, Choi HC, Ahn YO, Shige-
mastu T. Hepatitis B and C virus, Clonorchis sinensis for the risk of

liver cancer: A case-control study in Pusan. Korea Int J Epidemiol.
1996;25(5):933-40. https://doi.org/10.1093/ije/25.5.933.

Sithithaworn P, Haswell-Elkins MR, Mairiang P, Satarug S, Mairiang

E, Vatanasapt V, Elkins DB. Parasite-associated morbidity: Liver fluke
infection and bile duct cancer in northeast Thailand. Int J Parasitol.
1994;24(6):833-43. https://doi.org/10.1016/0020-7519(94)90009-4.
Sithithaworn P, Yongvanit P, Duenngai K, Kiatsopit N, Pairojkul C. Roles of
liver fluke infection as risk factor for cholangiocarcinoma. J Hepatobiliary
Pancreat Sci. 2014;21(5):301-8. https://doi.org/10.1002/jhbp.62.

Sripa B, Kaewkes S, Sithithaworn P, Mairiang E, Laha T, Smout M, Pairojkul
C, Bhudhisawasdi V, Tesana S, Thinkamrop B, Bethony JM, Loukas A, Brind-
ley PJ. Liver fluke induces cholangiocarcinoma. PLoS Med. 2007;4(7):e201.
https://doi.org/10.1371/journal.pmed.0040201.

Tan JH, Zhou WY, Zhou L, Cao RC, Zhang GW. Viral hepatitis B and C
infections increase the risks of intrahepatic and extrahepatic cholangio-
carcinoma: Evidence from a systematic review and meta-analysis. Turk J
Gastroenterol. 2020;31(3):246-56. https://doi.org/10.5152/tjg.2020.19056.
Tang Z-L, Huang Y, Yu X-B. Current status and perspectives of Clonorchis
sinensis and clonorchiasis: Epidemiology, pathogenesis, omics, preven-
tion and control. Infect Dis Poverty. 2016;5(1):71. https://doi.org/10.1186/
$40249-016-0166-1.

Upatham ES, Viyanant V, Kurathong S, Rojborwonwitaya J, Brockelman
WY, Ardsungnoen S, Lee P, Vajrasthira S. Relationship between prevalence
and intensity of Opisthorchis viverrini infection, and clinical symptoms
and signs in a rural community in north-east Thailand. Bull World Health
Organ. 1984,62(3):451-61.

Vatanasapt V, Uttaravichien T, Mairiang EO, Pairojkul C, Chartbanchachai
W, Haswell-Elkins M. Cholangiocarcinoma in north-east Thailand. Lancet
(London, England). 1990;335(8681):116-7. https://doi.org/10.1016/0140-
6736(90)90591-.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


https://doi.org/10.3748/wjg.v21.i42.11924
https://doi.org/10.15585/mmwr.mm6934a3
https://doi.org/10.1053/j.gastro.2011.12.061
https://doi.org/10.1053/j.gastro.2011.12.061
https://doi.org/10.1016/j.actatropica.2003.01.002
https://doi.org/10.1016/j.actatropica.2003.01.002
https://doi.org/10.3201/eid1110.050614
https://doi.org/10.1371/journal.pntd.0004806
https://doi.org/10.1002/hep.22881
https://doi.org/10.3348/kjr.2011.12.3.269
https://doi.org/10.1002/ijc.30028
https://doi.org/10.1111/j.1440-1746.1992.tb00928.x
https://doi.org/10.1111/j.1440-1746.1992.tb00928.x
https://doi.org/10.1046/j.1440-1746.2000.0150121356.x
https://doi.org/10.1046/j.1440-1746.2000.0150121356.x
https://doi.org/10.1371/journal.pmed1000097
https://doi.org/10.1371/journal.pmed1000097
https://doi.org/10.1093/trstmh/trv085
https://doi.org/10.1002/ijc.21731
https://doi.org/10.1002/ijc.21731
https://doi.org/10.5009/gnl17102
https://doi.org/10.15585/mmwr.mm6930a2
https://doi.org/10.1007/s00436-017-5572-1
https://doi.org/10.1007/s00436-017-5572-1
https://doi.org/10.1093/ije/25.5.933
https://doi.org/10.1016/0020-7519(94)90009-4
https://doi.org/10.1002/jhbp.62
https://doi.org/10.1371/journal.pmed.0040201
https://doi.org/10.5152/tjg.2020.19056
https://doi.org/10.1186/s40249-016-0166-1
https://doi.org/10.1186/s40249-016-0166-1
https://doi.org/10.1016/0140-6736(90)90591-r
https://doi.org/10.1016/0140-6736(90)90591-r

	A systematic review of the effects of hepatitis B and C virus on the progression of liver fluke infection to liver cancer
	Abstract 
	Introduction
	Objectives
	Prevalence and geographic distribution
	Mechanism for causing cancer
	Viral hepatitis and its role on the liver

	Methods
	Search strategy
	Data screening

	Results
	Study selection
	Analysis
	Analysis of bias

	Discussion
	Conclusion
	Acknowledgements
	References


