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Abstract

Received: 17 March 2023 This study aimed to identify the recent risk factors for Opisthorchis viverrini infection and

Accepted: 2 October 2023 cholangiocarcinoma (CCA) to improve disease prevention. The participants were divided

into the following 3 groups based on their health status: healthy control (nonOV and

*Correspondence nonCCA), those with O. viverrini infection (OV), and those with CCA. A questionnaire was

(veur@stafftu.acth, veebkk@gmail.com) used to explore their lifestyle and behaviors. Multivariate logistic regression and backward

elimination were used to identify the significant risk factors. The results showed that the

significant risk factors for both O. viverrini infection and CCA were age>50 years (odd

citation 1atio (OR)=8.44, P<0.001, 95% confidence intervals (Cl) 2.98-23.90 and OR=43.47,

Prasopdee S, Rojthongpond T, P =0.001, 95% CI 14.71-128.45, respectively) and raw fish consumption (OR=8.48, P<

Chitkoolsamphan Y, Pholhelm M, Yusuk S, 001, 95% Cl 3.18-22.63 and OR=3.15, P=0.048, 95% Cl 1.01-9.86, respectively). A
Pattaraarchachai J, Butthongkomvong K, i . Lo ) i . . )

Kulsantiwong J, Phanaksri T, history of O. viverrini infection was identified as an additional risk factor for CCA (OR=20.93,

Kunjantarachot A Tesanas,  P=0.011, 95% CI 2.04-215.10). This study provided an update on the risk factors for O.

Sathi}'gg;zzn: tehuzt?,scatﬁ:}(\; viverrini infection and CCA. Asymptomatic patients with O. viverrini infection, particularly

opisthorchiasis and cholangiocarcinoma  those > 50 years old, should be carefully monitored to prevent CCA.
in Thailand.
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Cholangiocarcinoma (CCA) is a heterogeneous disease that refers to rare tumors originat-
ing from the bile duct epithelial cells. This is an uncommon cancer that has been reported
to have a significant mortality rate [1] and can arise in the intrahepatic, extrahepatic, and
perihilar regions of the bile duct. The worldwide incidence of CCA has been increasing
and is highest in the Lower Mekong region (i.e., Lao PDR, Cambodia, Vietnam, and Thai-
land), which is an endemic area for Opisthorchis viverrini. In fact, the incidence of CCA in
northeast Khon Kaen, Thailand was estimated to be 40 and 100 per 100,000 women and
men, respectively [2].

© 2023 The Korean Society for Infection with O. viverrini, which is a carcinogenic liver fluke, is the leading risk factor
Parasitology and Tropical Medicine . . . . . . . .
for cholangiocarcinoma in Thailand, particularly in the northeast [3]. This parasite was
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eastern region of Thailand. Among these provinces, Nakhon Phanom has the highest rate
of O. viverrini infection at 40.9% [5]. Nowadays, the combination of O. viverrini infection
with nitrosamine compounds is widely acknowledged as a substantial risk factor for chol-
angiocarcinoma [6]. Furthermore, smoking and alcohol consumption [7], as well as dietary
habits and lifestyle, may be linked to the CCA tumorigenesis.

For almost a century, consumption of the traditional Thai cuisine of raw or undercooked
fish (e.g., koi pla or chopped raw fish salad, pla som or briefly fermented fish, and pla ra or
extensively fermented fish) has been recognized as a significant risk factor for O. viverrini
and CCA [8,9]. However, because of strong beliefs and misconceptions on raw or under-
cooked food, locals continue to consume undercooked fish unintentionally. For example,
many locals believe that the acidity of the lime juice will cook the fish well, based on the
change in its color, and kill the parasite. Others believe that concurrent consumption of al-
coholic beverages can eliminate the parasite in raw food. In addition, some local people be-
lieve that food tastes better when raw or undercooked than when well-cooked. These beliefs
and misconceptions are important risk factors of foodborne infection, including that with
parasites [10].

Therefore, this study aimed to determine the risk factors for O. viverrini infection and to
present the recent updates on the habits of eating possible sources of O. viverrini metacer-
cariae and nitrosamine-contaminated dishes. A set of questionnaires was used to investi-
gate and identify the risk factors. Further analysis of the collected information will aid in
identifying an asymptomatic patient infected with O. viverrini and may help prevent chron-
ic infection and CCA development.

This study was conducted from September 2016 to September 2018 at Udon Thani and
Nong Khai provinces. The questionnaires were retrieved and analyzed, which was approved
by the Human Ethics Committee of Udonthani Cancer Hospital (UDCH-DPE 003/2021).
The scheme of the recruitment process is summarized in Fig. 1.

All enrolled subjects must have lived in northeastern Thailand for at least one year. The
subjects were divided into 3 groups based on their health status, as follows: 1) healthy con-
trol group, for those who had no O. viverrini infection and CCA (nonOV and nonCCA); 2)
QV, for those infected with O. viverrini; and 3) CCA, for those with CCA. The nonOV and
nonCCA, and CCA groups were recruited from Udonthani Cancer Hospital, whereas the
OV group was recruited from 4 health-promoting hospitals in the Nong Khai province, in-
cluding the Nhong Luang, Kang Kai, Wat That, and Khok Chang, and Udon Thani prov-
inces. A normal physical examination and a negative result for parasite eggs on the fecal
examination were the recruitment criteria for the nonOV and nonCCA groups. For the
OV group, 11, 89, and 1 subjects were enrolled from Udon Thani, Nong Khai, and Nakorn
Phanom, respectively. The presence of fecal O. viverrini egg on the Kato—Katz method was
defined as O. viverrini infection, based on the “The elimination of O. viverrini and cholan-
giocarcinoma” program of the Ministry of Public Health, Thailand. Under that program, at
least 7,137 subjects from Udon Thani and Nong Khai were tested, and the results showed
that 51 of 1,537 (3.3%) and 120 of 5,600 (2.1%) subjects, respectively, were positive for O.
viverrini eggs. Among the subjects in the OV group, those who had normal liver and bile
duct on ultrasound were invited to participate, whereas those who had abnormal ultrasound
findings were excluded from this study. For CCA group, those who had histopathologically
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Fig. 1. Procedure of subject recruitment. Physical examination, fecal examination, and ultrasound are used to categorize the subjects.

confirmed CCA were invited to participate.

The Kato-Katz concentration commercial kit was purchased from the Faculty of Tropi-
cal Medicine, Mahidol University, Bangkok, Thailand. The fecal samples were filtered
through a sieve to remove debris then transferred to a 0.1-g template hole on a glass slide.
Thereafter, a cellophane soaked overnight in malachite green glycerol solution was placed
on top of the fecal sample. The glass slide was pressed to equally spread the feces on the cel-
lophane. The parasite eggs were observed under light microscope after 20 min of incuba-
tion and were calculated as eggs per g.

All subjects were interviewed using a questionnaire, which aimed to identify the possible
risk factors for O. viverrini-induced CCA (i.e., source of O. viverrini metacercaria and in-
take of nitrosamine-containing foods). To minimize misunderstanding, the questionnaire
was filled in by a research assistant. In addition, the questionnaire included observations of
lifestyle and behavior, such as smoking; alcohol consumption; habit of eating raw fish, which
is the possible source of O. viverrini metacercaria; and fermented food-eating habit, which
can be the source of nitrosamine. The suspected source of O. viverrini metacercariae was
koi pla, which is a native Thai dish of raw chopped or minced fish mixed with shallot, lime
juice, spring onion, and chili. The suspected as a source of nitrosamine was pla som, which
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is chopped, sliced, or minced Thai sour fish mixed with sticky or steamed rice and minced
garlic, incubated at room temperature for 2-3 days, and fried before eating. Moreover, the
questionnaire included intake of pla ra, which is raw fish mixed with sticky or steamed rice
and minced garlic then incubated at room temperature for at least 6 months, and other fer-
mented foods, such as fruits and vegetables. Furthermore, the questionnaire covered the
history of O. viverrini infection, praziquantel treatment, underlying diseases, and medica-
tions.

The data were analyzed using IBM SPSS Statistics for Windows, version 22.0 (IBM Corp,
Armonk, NY, USA). Based on a literature review, 10 variables were considered as potential
predictors for the outcome analysis of O. viverrini infection and CCA [11,12]. The associa-
tion between the outcomes and their predictors was determined by multivariate logistic re-
gression. All variables with P< 0.2 on the univariate analysis were used for the multivariate
analysis. Backward elimination was used in the final model, with the same level of P<0.2.
The risk factors were considered significantly associated with the outcomes of O. viverrini
infection and CCA if P value was <0.05. The adjusted odds ratios (OR) with their corre-
sponding 95% confidence intervals (CI) were presented.

The characteristics of the participants are summarized in Table 1. The total number of
participants was 98, 99, and 99, respectively. Compared with women, men had higher prev-
alence of OV (56.6%) and CCA (66.7%). The majority of the participants in the nonOV

Table 1. Characteristics of the participants
No. (%)
Characteristic Category
nonOV & nonCCA ov CCA
Subject number 8 (100) 99 (100) 99 (100)
Sex Female 62 (63.2) 43 (43.4) 33(33.3)
Male 6 (36.8) 56 (56.6) 66 (66.7)
Age (years) <50 85(86.7) 35(35.3) 10(10.1)
>50 3(13.3) 64 (64.7) 89 (89.9)
Alcohol consumption No 1(52.0) 50 (50.5) 29(29.3)
Yes 47 (48.0) 49 (49.5) 70 (70.7)
Smoking No 82(83.7) 64 (64.7) 47 (47.5)
Yes 6(16.3) 35(35.4) 52(52.5)
Raw fish consumption (Koipla)  No 65 (66.3) 15(15.2) 15(15.2)
Yes 33(33.7) 84 (84.9) 84(84.9)
Pla ra consumption No 5(5.1) 0(0.0) 4(4.0)
Yes 93(94.9) 99 (100) 95 (96.0)
Pla som consumption No 23(23.5) 1(1.0) 8(8.1)
Yes 75 (76.5) 98 (99.0) 91(91.9)
Other fermented foods No 35(35.7) 98 (99.0) 56 (56.6)
consumption Yes 63 (64.3) 1(1.0) 43 (43.4)
History of O. viverrini infection No 97 (99.0) 87 (87.9) 69 (69.7)
Yes 1(1.0) 12(12.1) 30(30.3)
History of taking praziquantel No 82(83.7) 87(87.9) 76 (76.8)
Yes 16 (16.3) 12(12.1) 23(23.2)
Cancer stage | - 2(0.0)
I - 5(0.1)
Il = 2(0.0)
\% - - 90 (90.9)
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and nonCCA group were <50 years old (86.7%), whereas most of the participants in the
OV and CCA groups were > 50 years old (64.7% and 89.9%, respectively) (Fig. 2). Alcohol
consumption was similar between the nonOV and nonCCA and OV groups but was the
highest in the CCA group (70.7%). Majority of the participants in the nonOV and nonC-
CA and OV groups did not smoke (83.7% and 64.7%, respectively); in the CCA group, the
number of smokers and nonsmokers was almost equal. The rate of raw fish consumption
was lowest in the nonOV and nonCCA group (33.7%) but was 84.9% in the OV and CCA
groups. Dietary patterns of eating pla ra was common in all groups. Pla som consumption
was the highest in the OV group (99.0%), followed by the CCA group (91.9%) and the non-
OV and nonCCA group (76.5%). Majority of the participants in the OV and CCA groups
did not consume other fermented foods (99.0% and 56.6%, respectively). A history of prior
O. viverrini infection was not found in 99.0% of the nonOV and nonCCA group and in 87.9%
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0 >60 0
[ se-60 |3
Pay 5155 |3
12l 4650 6

41-45 9
36-40 18
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Bl 2125 | 4

0 1820 A1
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Fig. 2. Age and sex distribution of the study population. The healthy control subjects (nonOV and
nonCCA) (upper), patients with O. viverrini infection (OV) (middle), and patients with cholangiocar-
cinoma (lower) are shown.
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of the OV group but was noted in 30.3% of the CCA group.

The results of the multivariate logistic regression analysis of the risk factors for O. viver-
rini infection are summarized in Table 2. Sex was not a significant risk factor for O. viverri-
ni infection (P=0.997), but age > 50 years significantly increased the risk of infection (OR=
8.44, P<0.001). Moreover, consumption of raw fish was shown to be a significant risk fac-
tor, whereas consumption of other fermented foods had a negative association with O. vi-
verrini infection (OR=0.01, P<0.001). Compared with the participants who did not con-
sume raw fish, those who did had 8.48 times more likelihood of being infected with O. vi-
verrini (P<0.001). Among all the risk factors contributing to O. viverrini infection, the risk
factor that had the highest impact was raw fish consumption, followed by age > 50 years.

As shown in Table 3, multivariate logistic regression analysis identified age, raw fish con-
sumption, other fermented food consumption, and O. viverrini infection history as the sig-
nificant risk factors for CCA. Age> 50 years increased the risk of CCA (OR=43.47, P=0.001).
Compared with the participants who did not consume raw fish, those who did were 3.15
times more likely to have CCA (P=0.048). Furthermore, a history of O. viverrini infection
was found to have a significant role in CCA (OR=20.93, P=0.011). On the other hand, sex
(P=0.498), alcohol consumption (P=0.077), and pla som consumption (P=0.067) were

Table 2. A multivariate logistic regression analysis of risk factors for O. viverrini infection

Rick factor N (%) Adjusted OR 95% Cl P-value
Sex Female 105 (53.30) 1.00 - -
Male 92 (46.70) 1.00 0.39-2.60 0.997
Age (years) <50 120 (60.91) 1.00 - -
>50 77 (39.09) 844 2.98-23.90 <0.001
Raw fish consumption No 80 (40.61) 1.00 - -
Yes 117 (59.39) 8.48 3.18-22.63 <0.001
Other fermented foods No 133 (67.51) 1.00 - -
consumption Yes 64 (32.49) 0.01 0.00°-0.06 <0.001

°the value is less than 0.001.

Table 3. A multivariate logistic regression analysis of risk factors for cholangiocarcinoma

Rick factor N (%) Adjusted OR 95% Cl P-value

Sex Female 95 (48.22) 1.00 - -
Male 102 (51.78) 0.65 0.19-2.24 0.498

Age (years) <50 95 (48.22) 1.00 - -
>50 102 (51.78) 4347 14.71-128.45 <0.001

Alcohol consumption No 80 (40.61) 1.00 - -
Yes 117 (59.39) 3.24 0.88-11.90 0.077

Raw fish consumption No 80 (40.61) 1.00 - -
Yes 117 (59.39) 3.15 1.01-9.86 0.048

Pla som consumption No 31(15.74) 1.00 - -
Yes 166 (84.26) 4.06 0.91-18.15 0.067

Other fermented foods No 91 (46.19) 1.00 - -
consumption Yes 106 (53.81) 0.34 0.12-0.98 0.045

History of O. viverrini No 166 (84.26) 1.00 - -
infection Yes 31(15.74) 2093 2.04-215.10 0011
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not significant risk factors. Moreover, consumption of other fermented food had a negative
association with CCA (OR=0.34, P=0.045).

The primary source of O. viverrini infection is freshwater fish [11], including fermented
fish, such as pla ra and pla som. However, in this study, it was not determined to be a lead-
ing risk factor for O. viverrini infection. Contrary to this study, a previous research indicat-
ed that consumption of fermented fish was one of the main risk factors for O. viverrini in-
fection [13]. On the other hand, consumption of raw fish, such as koi pla, was identified as
a leading risk factor for O. viverrini infection and CCA, consistent with the results of sever-
al previous studies [12,14-16]. People living in the countryside, particularly in the north-
east area, have a traditional culture of consuming raw fish. According to a recent study, dis-
tance from the river was one factor that influenced the decision to consume raw fish [17].
Furthermore, locals prefer to cook simple meals, such as koi pla, which can be made with
readily available ingredients, such as herbs, lime juice, or ant eggs.

Aside from raw fish consumption, age > 50 years was a significant risk factor for O. vi-
verrini infection and CCA in our study. This may be accounted for by the fact that compared
with younger individuals, older individuals have more frequent chances of eating raw or
undercooked fish. Moreover, the habit of eating raw or undercooked fish might be less com-
mon in the younger generation. However, these results contradicted the findings of Prako-
bwong et al. (2017), who suggested that the rate of O. viverrini infection decreased in indi-
viduals over the age of 50 years [18]. On the other hand, various studies provided similar
results of an increasing rate of O. viverrini infection with age [15].

Cholangiocarcinoma arises from chronic infection with O. viverrini. This study demon-
strated a history of O. viverrini infection as the main risk factor for CCA. Furthermore,
participants who had a history of O. viverrini infection were likely to be reinfected, proba-
bly because their habit of raw fish consumption remained unchanged. These may explain
the significant role of a history of O. viverrini infection in the development of CCA.

Based on the questionnaire, all participants who were infected with O. viverrini were as-
ymptomatic. Therefore, the annual health check-up program effectively identified asymp-
tomatic patients. Consequently, use of the significant risk factors that were demonstrated
in this study is highly recommended to identify high risk groups for O. viverrini infection
and CCA. These high risk groups can be advised to participate in a health check program
for disease detection. As mentioned earlier, inclusion of tests for O. viverrini infection and
CCA in the national health program is recommended in areas that have a high incidence
of these diseases in order to ultimate improve disease prevention.

In this study, sampling bias may have occurred because of the differences in the selected
collection sites, particularly in light of the low incidence of O. viverrini infection. Neverthe-
less, it is important to highlight that all subjects resided in the upper part of northeastern
Thailand and shared similar nationality, race, eating habits, lifestyle, education, climate, oc-
cupation, environment, and exposure to risk factors.
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