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Abstract

Background

The liver fluke, Opisthorchis felineus, is widely distributed throughout Europe and large
parts of the Russian Federation. In Western Siberia, information about opisthorchiasis is
lacking although infection may lead to severe liver and bile duct diseases. We aimed to
assess the current prevalence of O. felineus infection along with associated risk factors and
morbidity in rural Western Siberia.

Methods

We conducted a community-based, cross-sectional study in the rural Shegarskiy district,
Tomsk Oblast, Russian Federation. All household members (> 7 years) present on the sur-
vey day were enrolled (n = 600). Two stool samples per person were examined for helminth
eggs, using PARASEP (DiaSys Ltd, UK). The number of eggs per gram (EPG) of feces was
recorded. Each study participant was interviewed to determine risk factors, using a pre-
tested questionnaire. An abdominal ultrasonography examination of liver and bile ducts was
performed with a mobile, high resolution ultrasound device. In total, 488 persons completed
assessments (two stool samples, completed questionnaires); of those, 436 individuals had
an ultrasonography (US) examination.

Results

We observed a prevalence of O. felineus infection of 60.2%. Significant risk factors for infec-
tion were the consumption of river fish (odds ratio from adjusted analysis [aOR] 2.4, 95% CI
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1.52-3.95, p<0.001), particularly stock fish (OR from multivariable analysis [mOR] 3.2, 95%
Cl12.63-3.80, p<0.001), smoked fish (mOR 1.5, 95% CIl 1.24—1.72, p<0.001), frozen fish
(mOR 1.6, 95% Cl 1.29-2.02, p<0.001), and raw fish (mOR 1.4, 95% Cl 1.05-1.84, p =
0.02); and fishing activities (mOR 1.2, 95% CI 1.03—1.43, p = 0.019). Women had a higher
risk of infection than men. Infection was associated positively with age and negatively with
socio-economic status. The respondents’ general awareness of opisthorchiasis was quite
high (93.2%), but their knowledge about infection transmission and prevention was insuffi-
cient. Children aged 7—18 years old had a lower level of awareness compared to adults. The
abdominal ultrasonography results demonstrated a strong association between O. felineus
infection and gallbladder stones (mOR 2.8, 95% CIl 1.33-6.04, p = 0.007) and periductal
fibrosis of intrahepatic bile ducts (mOR 1.9, 95% CI 1.08-3.46, p = 0.026).

Conclusion

O. felineus infection is highly prevalent in rural regions of Western Siberia, and associated
with severe hepatobiliary pathology. Identified risk factors will be used to develop a compre-
hensive targeted O. felineus infection control program.

Author summary

Opisthorchis felineus is a trematode (liver fluke) that infects the hepatobiliary systems of
humans in endemic regions. The infection may lead to severe liver and bile duct diseases,
making it a public health issue in endemic communities like Western Siberia. Yet, little
information is available from this region about its epidemiology. We aimed to assess the
current prevalence of O. felineus infection along with associated risk factors and morbidity
in one district in rural Western Siberia. We conducted a cross-sectional community-
based study in the Shegarskiy district, Tomsk Oblast, Russian Federation. All household
members (> 7 years) present on the survey day were enrolled (n = 600). Two stool sam-
ples per person were examined for helminth eggs. We interviewed study participants to
determine risk factors using a questionnaire. An abdominal ultrasonography examination
was performed to assess liver and bile duct pathology. In total, 488 persons completed
assessments. We found a high O. felineus infection prevalence of 60.2%. Women and
older study participants had a higher risk of infection. The consumption of river fish, par-
ticularly stock, smoked, frozen and raw fish; and fishing activities increased the risk of
infection. Study participants with a higher socio-economic status had a lower risk of infec-
tion. The ultrasonography showed that participants with infection had an increased risk
of gallbladder stones and bile duct pathologies. Our study provides valuable information
about Opisthorchis infection prevalence, its risk factors and morbidity in rural Siberia.
The results will be useful for developing a multidisciplinary, community-based control
program against Opisthorchis infection in endemic regions.

Introduction

The infection caused by the liver fluke, Opisthorchis felineus, belongs to the group of neglected
tropical diseases (NTDs), but is widely distributed throughout the northern hemisphere [1]. O.
felineus infection is endemic in Southern and Eastern Europe and in large parts of the Russian
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Federation, particularly in Western Siberia [2-9]. O. felineus is considered to be zoonotic [1].
Most infections with O. felineus are asymptomatic [10]. Chronic O. felineus infection may lead
to any of several severe liver and bile duct diseases, such as cholecystitis, cholangitis, and peri-
ductal fibrosis. In addition, there is evidence that O. felineus is a risk factor for cholangiocarci-
noma (CCA), a fatal bile duct cancer [3,4,11]. Recent studies indicate that a chronic O. felineus
infection modifies immune reactivity [12].

O. felineus, a close relative of the Asian liver fluke, Opisthorchis viverrini, has a complex life
cycle that includes two freshwater intermediate hosts; namely, a mollusk of the genus Bithynia
and the fish species of the family Cyprinidae, which act as first and second intermediate hosts,
respectively [1,13]. Humans acquire an infection through the consumption of raw or insuffi-
ciently cooked cyprinoid fish [14-16]. A wide range of mammals such as cats, dogs, foxes, and
bears, [1,13] are known reservoir hosts of O. felineus and are responsible for transmitting the
fluke to Bithynia snails [14,17].

Human infection with O. felineus was first described in 1891 by Konstantin Vinogradov,
from Tomsk Imperial University. While conducting an autopsy of a person from Siberia, who
had suffered from jaundice, he detected Opisthorchis eggs in the bile of the gallbladder [18,19].
Today, according to official medical statistics, the incidence of O. felineus infection is 188.8
cases per 100,000 population/year in Tomsk Oblast, through this is likely an underestimation
due to underreporting [3]. There is, however, a lack of information about O. felineus infection
and its associated morbidity and risk factors in endemic communities.

This study aimed to assess the current prevalence of O. felineus infection, its risk factors and
morbidity in rural Western Siberia. A community-based, cross-sectional study was conducted
in the rural Shegarskiy district, Tomsk Oblast, Russian Federation.

Materials and methods
Ethical consideration

All study procedures complied with the ethical standards of the Helsinki Declaration of the
World Medical Association. The study protocol was approved by the Ethical Committee of the
Siberian State Medical University (SibMed), Tomsk (No. 4815, 27.06.2016). Written informed
consent was obtained from adult and adolescent (14 years and older) study participants.
Parents or legal guardians of children under 14 years signed the informed consent forms.

Study setting

The study was conducted in the Shegarskiy district of Tomsk Oblast, in the Siberian Federal
District, Western Siberia (Fig 1). The district center, Melnikovo, is located about 100 km west
of Tomsk city in the middle of the Russian Federation (56°34’ N, 84° 5’ E). Tomsk city is the
capital of the Tomsk Oblast.

The rural Shegarskiy district is 5029 km?” and has a population of approx. 19,200 [20]. Mel-
nikovo accounts for 41.3% of the district’s total population. There are 36 small villages in the
Shegarskiy district. The two main rivers are the Ob (East) and the Shegarka (West). The Ob is
a major river in Western Siberia, and the seventh-longest river in the world. Among Russian
rivers, it has the largest basin territory. The climate is continental with an average temperature
of —23°C in January and +20°C in July [21].

The people of Shegarskiy district have a typical rural/farmer lifestyle. Life expectancy in the
district is approximately 71.7 years [21]. Farming, transport, and production of wood, con-
struction materials, and food are the main sources of revenue for the population. With a rich
network of rivers and lakes, the Shegarskiy district has high fish densities. Previous research
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Russian Federation

Fig 1. Study location. A. Study setting: map of Russian Federation, map of Tomsk Oblast, B. River Ob, C. Areal picture of the study location with Ob river, D.
Typical village household, Shegarskiy district, Tomsk Oblast. Microsoft Office Visio 2007.

https://doi.org/10.1371/journal.pntd.0008421.g001

has shown the importance of river fish to the local population in terms of nutrition, food cul-
ture and community life [22].

The health care infrastructure consists of the Shegarskiy Central District Hospital in Melni-
kovo, four general practice offices and eleven small local medical units, with a nurse and / or
an obstetrician nurse in the bigger villages. In 2010, the prevalence of O. felineus infection
among children 7-11 years old was 20.8% in Shegarskiy district [12].

Study population and design

A cross-sectional study was conducted in the Shegarskiy district, Tomsk Oblast, between 1
July 2016 and 30 April 2017. A random cluster sample with sampling probability proportional
to village population size with replacement was drawn. To reach the anticipated sample size of
600, we drawn with replacement 30 times a village and the number of persons to be sampled in
each village was calculated as the number of time the village has been selected multiplied by 20.
In the selected villages, households were randomly selected based on a list of all households.
The inclusion of households continued until the number of enrolled study participants corre-
sponded to the calculated sample size.
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37 villages from Shegarskiy district,
Tomsk Oblast, Russian Federation

9 villages selected by cluster sampling

388 households were randomly selected

600 individuals were enrolled:
* Questionnaires
+ Medical history /
Physical examination
+ Ultrasonography
+ 2 stool samples

l ________________________________________________

Prevalence and Risk factor
2 stool samples: assessment

488 individuals

Morbidity assessment
Ultrasonography data

436 individuals

Fig 2. Study diagram.
https://doi.org/10.1371/journal.pntd.0008421.g002

Using the cluster approach, nine of the 37 villages were selected, namely Melnikovo, Kar-
gala, Voznesenka, Batkat, Pobeda, Monostyrka, Malobragino, Novoilyinka, and Voronovka.
For each village, the list of households was obtained and the households were randomly
selected. All household members (aged seven years and older) present on the survey day were
enrolled. Each enrolled person underwent an individual interview and a clinical examination.
In addition, they provided two fecal samples on consecutive days. Finally, each participant was
submitted to a comprehensive abdominal ultrasonography assessment (Fig 2). All interviewers
and clinicians were trained in order to optimize assessment procedures. Laboratory technician
and radiologist were unaware of the results of the other assessments. The sample size was
determined based on an expected prevalence of 20%, defined as one half length of the 95%
confidence interval, of 5 percentage-points and a design effect of 2 to account for cluster sam-
pling. The calculated sample size of 492 was inflated by 20% to account for refusals and
incompletes.

Field and laboratory procedures

Interviews. The individual questionnaires assessed potential risk factors for O. felineus
infection and related morbidity. It collected data about sociodemographic factors (age, sex,
gender, education, profession, socio-economic status [SES]); customary practices of raw fish
consumption; personal hygiene; and knowledge, attitude and awareness of O. felineus infec-
tion, transmission and disease. The questionnaire was developed based on the insights gained
from in-depth interviews conducted during an earlier qualitative study [22]. The questionnaire
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was developed in English and translated into Russian. The questionnaires were administered
by trained interviewers. After a pilot test with 15 volunteers, the questionnaire was revised to
improve clarity. Detailed information about each household and its sanitary conditions was
obtained via a household questionnaire, administered to the head of the household.

Physical examination. Study participants underwent a clinical examination by physicians
from the SibMed. Height, weight, blood pressure, heart rate and breathing rate measurements
were recorded. Physical examination included a general examination of skin, eyes, upper respi-
ratory tract, lymph nodes, bone, and muscular, respiratory, cardiovascular, digestive, and uri-
nary systems. Special attention was paid to the hepatobiliary system. All results were recorded
in the case report form.

Stool examination. Pre-labeled stool containers in plastic bags were given the study par-
ticipants, collected on consecutive days, and transported in cooled containers (4°C) to the lab-
oratory at SibMed in Tomsk. There the samples were examined using PARASEP (DiaSys Ltd,
UK). Helminth eggs were identified using a microscope with magnification 100X, 100 micro-
scopic fields were investigated per sample. The number of eggs was counted and recorded for
each helminth species separately and the infection intensity (number of eggs per gram stool
(EPG)) was calculated.

Ultrasonography of the liver and bile ducts. Ultrasonography (US) of the liver and bile
ducts was performed by a mobile, high resolution ultrasound device (Shenzhen Mindray Bio-
Medical Electronics, Co, Ltd). An Ultrasound Transducer Type: portable ultrasound scanner
"Mindray M7", with a color doppler system was used. A convex transducer with an operating
frequency of 3.5 MHz and a linear transducer with an operating frequency of 7.5 MHz was
used for 3D imaging. One radiologist performed all US examinations. The following indicators
were assessed: height of the left liver lobe, diameter of the aorta, pattern of liver parenchyma,
gallbladder size, abnormalities in the gallbladder wall and bile ducts, presence of sludge and
stones, enlargement of the extrahepatic bile ducts, presence of mass in the liver, and signs of
fatty liver [23,24].

Gallbladders were characterized by a normal length of 30-70 mm in children and 100 mm
in adults; thickening of the gallbladder wall was detected if more than 3 mm. Extra-hepatic bile
ducts (common hepatic duct and common bile duct) were considered as expanded if they had
a diameter of 7 mm or more. Respecting the criteria of the periductal fibrosis grade used in
previous epidemiological studies in opisthorchiasis-endemic areas, the following grades were
established: Grade 0—no echoes in any segment of the liver, Grade 1—echoes in 1 liver seg-
ment, Grade 2—echoes in 2-3 liver segments, Grade 3—echoes in more than 3 liver segments
[25].

Data management and statistical analysis

All data was entered into EpiData v. 3.4 (www.epidata.dk). Statistical analysis was performed
in R language (version 3.4.3) [26]. O. felineus infection intensity was grouped low (0-999
EPG), moderate (1000-9999 EPG), and severe intensities (10,000 and above EPG) [27]. The
maximal result of infection intensity from the two stool samples was taken for each
participant.

Continuous data were presented in mean and standard deviation, while ranked and nomi-
nal variables were presented in percent. Analysis of socioeconomic status (SES) was performed
for participants 18 years and older. Status was calculated based on information about a per-
son’s education, car ownership, employment status, additional income, and access to central
water supply. Principal component (PC) analysis was performed. The first principal compo-
nent (PC1, 31.1% of explained variance) was used as a marker of a person’s SES. According to
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the numerical value of the first PC, participants were divided into four groups as follows: low-
est SES (up to 1 quartile of PC1 value), low income (from 1°*' to 2" quartile of PC1 value),
moderate income (from 2™ to 3¢ quartile of PC1 values), and high income (above 3rd quartile
of PCI1 values).

Generalized estimating equations for binary outcomes (GEE), geeglm function of geepack
R package [28] were used to account for potential correlation within villages. A fully iterated
jackknife variance estimator was used to identify associations between O. felineus infection,
risk factors and morbidities. An independent or exchangeable covariance structure for data
clusters was chosen by estimating the correlation information criterion for each model. All
potential measured risk factors and morbidity were tested in univariate GEE models, adjusting
for age and sex as covariates. Based on the results of univariate model testing, all variables with
FDR-adjusted p-values less than 0.05 were treated as potential predictors and subsequently
included in the multivariable analysis. Multivariate GEE models were applied for risk factor
and morbidity predictors separately; each model was tested for collinearity with variance infla-
tion factors (VIF) computation. All predictors with square roots of VIF greater than two were
subsequently excluded from the models. The odds ratio (OR) was adjusted for age and sex in
the univariable analysis (aOR) and the odds ratios from the multivariable analysis (mOR) were
reported with their 95% confidence interval (95% CI) and p-values. A map of the study area
was established with Microsoft Office Visio 2007. Map’s rendering of the O. felineus infection
prevalence in the studied area was performed with ggplot2 package of the R language. Geodata
of Shegarskiy district was obtained from OpenStreetMap.org. www.openstreetmap.org [29].

Results
Study population

Overall, 600 participants were enrolled from 388 randomly selected households in nine villages
(average number of households per village 43.1, range 11-169; Fig 2). In total, 488 persons
completed assessments (two stool samples, completed questionnaires); of those, 436 individu-
als had an US examination (89.3%).

Among 488 individuals, 30.1% were male and 15.2% were children/adolescents aged 7 to 18
years. Participants’ ages ranged from 7 to 85 years, with a mean age of 46.1 years. The mean
number of people per household was 1.5. About half of the participants (52.0%) had completed
secondary and/or technical education, while 22.3% had completed higher education. Among
adults (> 18 years), 42.0% were unemployed; the vast majority were older than 55 years. There
were no noteworthy differences in the socioeconomic status between gender groups. More
details are provided in Table 1.

Prevalence of Opisthorchis felineus infection

The prevalence of any intestinal parasitic infection was 61.5%. O. felineus was the most preva-
lent infection, diagnosed in 60.2% of participants (95% CI: 57.3-63.1). A. lumbricoides (0.4%)
and Giardia intestinalis (2.7%) were diagnosed in low frequencies. The geographical distribu-
tion of O. felineus infection prevalence is visualized in Fig 3. The highest prevalence rates were
detected in Novoiljinka (90.0%) and Malobragino (80.0%), in the northeast of the district. The
lowest prevalence was observed in Voronovka (47.1%), in the West of the district. The village
is located at a considerable distance from the closest water body. Participants from Melnikovo
showed a comparatively low infection prevalence (52.2%). Melnikovo is a semi-urban center
in Shegarskiy district. Detailed information on intestinal parasitic infections, stratified by set-
tlement, gender, and age group, is given in S1 Table.
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Table 1. Characteristics of study population (n = 488).

Total, n % Male, n % Female, n %
Total 488 100 147 30.1 341 69.9
Age Mean (SD) 46.1 (19.7) 44.4 (22.8) 46.9 (18.6)
7-11 40 8.2 18 12.2 22 6.5
12-18 34 7.0 14 9.5 20 59
19-39 92 18.5 23 15.6 69 20.2
40-59 179 36.7 50 34.0 129 37.8
60 and above 143 29.3 42 28.6 101 29.6
Village Batkat 50 10.3 15 10.2 35 10.3
Kargala 21 4.3 6 4.1 15 4.4
Malobragino 20 4.1 2.0 17 5.0
Melnikovo 184 37.7 50 34.0 134 39.3
Monostyrka 21 43 9 6.1 12 3.5
Novoiljinka 20 4.1 5 3.4 15 4.4
Pobeda 120 24.6 45 30.6 75 22.0
Voronovka 34 7.0 8 5.4 26 7.6
Vosnesenka 18 3.7 6 4.1 12 3.5
Education Incomplete secondary education 71 14.6 24 47
16.3 13.8
Secondary education 116 23.8 30 86
20.4 25.2
Technical education 138 283 39 99
26.5 29.0
High education 109 22.3 27 18.4 82 24.0
Unknown 54 11.1 27 18.4 27 7.9
Employment at moment Yes 209 42.8 56 38.1 153 44.9
No 279 57.2 91 61.9 188 55.1
Socioeconomic status lowest 104 25.1 29 25.2 75 25.0
low 100 24.1 21 18.3 79 26.3
moderate 110 26.6 39 33.9 71 23.7
high 101 24.3 26 22.6 75 25.0

https://doi.org/10.1371/journal.pntd.0008421.t001

Age was a most important factor linked with O. felineus infection. The prevalence of O. feli-
neus infection was low among children and gradually increased with age, to a maximum of
about 80% infection prevalence among adults around 40 years of age (Fig 4). In study partici-
pants aged older than 40 years, infection prevalence decreased to about 50%.

The O. felineus infection intensities varied between 2-43,200 EPG, with the overall geomet-
ric mean—264 EPG. Among O. felineus-infected study participants, 70.4% had an infection
that was classified as low, 26.5% as moderate, and 3.1% as high-intensity infection. There was
no statistical difference (p = 0.33) in infection intensity between male (162 EPG) and female
(319 EPQG) participants, although males had a lower mean infection intensity than female
study participants in all subgroups (Fig 5). Detailed information is provided in the S2 Table.

O. felineus infection intensity was strongly linked with age. The infection intensity in adults
was notably higher than in adolescents and children (Figs 5 and 6). At the village level, the
mean infection intensity correlated positively with mean infection prevalence (Fig 7). The
highest mean infection intensities were detected in Malobragino and Novoilinka (>1000
EPG), while the lowest indicators were in Melnikovo and Pobeda.
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Fig 3. Map of Opisthorchis felineus infection prevalence and intensity in Shegarskiy district, Tomsk Oblast. Map’s rendering of the Opisthorchis felineus infection
prevalence in the studied area was performed with ggplot2 package of the R language. Geodata of Shegarskiy district was obtained from OpenStreetMap.org.

https://doi.org/10.1371/journal.pntd.0008421.g003

Risk factors for Opisthorchis felineus infection

In Fig 8 the results of the risk factor analysis are summarized (more details are provided in the
S3 Table). Age was positively and significantly associated with an increased risk of O. felineus
infection (mOR = 1.03, 95% CI = 1.02-1.04, p<0.001). Women had a significantly higher risk
of O. felineus infection than men (mOR = 1.9, 95% CI = 1.59-2.26, p<0.001). The risk of infec-
tion decreased as socio-economic status increased (mOR = 0.7, 95% CI = 0.55-0.79, p<0.001).

The consumption of river fish was significantly associated with O. felineus infection. Of the
488 enrolled participants, 431 (88.3%) reported regularly consuming river fish. Among those,
63.1% were infected versus 38.6% of those who did not regularly consume fish (aOR = 2.4, 95%
CI =1.52-3.95, p<0.001).

Multivariate analysis showed a strong and significant increase of infection risk with the
consumption of river fish dishes. For example, the risk of O. felineus infection increased with

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0008421  June 29, 2020

9/24


http://OpenStreetMap.org
https://doi.org/10.1371/journal.pntd.0008421.g003
https://doi.org/10.1371/journal.pntd.0008421

PLOS NEGLECTED TROPICAL DISEASES Opisthorchis felineus epidemiology in rural Siberia

)

O. felineus infection prevalence (%

(o))
o
1

N
o
1

N
o
1

Sex

- All
female
== male

o
1

20 40 60 80
Age (years)

Fig 4. Age-related prevalence of Opisthorchis felineus infection in Shegarskiy district, Tomsk Oblast.
https://doi.org/10.1371/journal.pntd.0008421.9g004

the consumption of stock fish (mOR = 3.2, 95% CI = 2.63-3.80, p<0.001), frozen fish

(mOR = 1.6, 95% CI = 1.29-2.02, p<0.001), smoked fish (mOR = 1.5, 95% CI = 1.24-1.72,
p<0.001) and boiled fish (mOR = 1.5, 95% CI = 1.23-1.94, p<0.001, Figs 8 and 9). The risk of
O. felineus infection decreased with a lower frequency of fish consumption. Those who report-
edly consumed their last fish one year ago had a significantly lower risk of O. felineus infection
(mOR =0.5,95% CI = 0.43-0.68, p<0.001). Smoking (mOR = 2.3, 95% CI = 1.91-2.81,
p<0.001) and regularly drinking alcohol (mOR = 1.9, 95% CI = 1.9-2.25, p<0.001) increased
the risk of infection. Study participants who reported having a dog in the household had a sig-
nificantly increased O. felineus infection prevalence (mOR = 2.1, 95% CI = 1.80-2.50, p<0.001).

Awareness of Opisthorchis felineus

We analyzed the knowledge and awareness of opisthorchiasis with the question “Have you
ever heard about opisthorchiasis?”. Almost all of the respondents (93.2%) and infected partici-
pants (96.6%) were aware of opisthorchiasis, and had heard about the disease before. Children
aged 7-18 years had a lower awareness of O. felineus infection compared to adults 19 years and
older (63.5% vs 98.6%, aOR 39.1, 95% CI 15.5-98.2, p<0.001). The majority of respondents
(both infected and non-infected) indicated the consumption of undercooked river fish as the
main cause of opisthorchiasis (93.0% and 83.6%, respectively). More than half of the respon-
dents suggested other sources of infection, including drinking infected water (69.7%), swim-
ming in infected water (60.9%), and having contact with an infected person (52.5%) or
animals (77.8%). There was no significant difference in knowledge between groups of infected
and non-infected individuals.

The study participants knew relatively little about the symptoms of the disease and did not
understand the health consequences of the infection. Liver disease as a consequence of O.
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felineus infection was reported significantly more often by patients with opisthorchiasis
(86.6%) compared to non-infected participants (77.2%, aOR 1,43, 95% CI 1.02-2.03, p = 0.04).
Other symptoms, like stomach pain, diarrhea, skin or respiratory problems, were mentioned
by less than half of the respondents (no difference between groups was observed). A possible
link between O. felineus infection and cancer was indicated by 27.1% and 25.2% of infected
and non-infected participants, respectively (no significant difference, corrected p = 0.63).

To analyze the perception of opisthorchiasis by the population of an endemic region, differ-
ent analogue scales from 0-5 points were used (scale ranged from “do not agree” or “0”, to
“completely agree” or “5”; Fig 10). More than half of the study participants perceived
opisthorchiasis as a dangerous and widespread disease. Most of the respondents answered in
the affirmative to the question, “Is opisthorchiasis treatable?”. However, the safety of treatment
with the current drug (praziquantel) was perceived as being moderate.

Among those who had heard about opisthorchiasis, 95.6% were willing to undergo treat-
ment in case of a diagnosed O. felineus infection. Furthermore, 98.4% were ready to follow the
doctor’s recommendation and only 4.6% considered asking relatives and consulting the inter-
net before treatment. Among the respondents, 87.0% indicated that they would follow the rec-
ommendations to take praziquantel, 53.9% thought it acceptable to use dietary supplements
for treatment, and 2.6% pointed to some other form of treatment, like folk remedies and herbal
tinctures.

Respondents suggested that opisthorchiasis may be effectively prevented by cooking fish
thoroughly (76.1%) and avoiding river fish consumption (52%). There was no difference
between groups with different infection status. Using separate cooking tools (60.4%), washing
hands (75.2%) and drinking pre-boiled water (63.0%) were also reported as effective
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preventive measures against infection. At the same time, 20.9% of respondents indicated that
it is impossible to prevent infection in an endemic region (24.4% among infected vs 15.0%
among non-infected individuals, aOR 1.7, 95% CI 1.09-2.63, p = 0.02).

Clinical examination and abdominal ultrasonography

Among O. felineus infected people, the most common complaint was a dull pain in the right
subcostal area. There was no statistically significant difference with non-infected participants
(Fig 11). Pyrosis was observed in 55.9% of the infected individuals and was associated with
opisthorchiasis (mOR 1.5, 95% CI 1.05-2.09, p = 0.03). Headache, fatigue, and vertigo were
reported in both O. felineus-positive and -negative study participants and were not associated
with any statistical significance.

The findings of the abdominal ultrasonography examination (related to the liver paren-
chyma, the gallbladder and the bile ducts) are presented in Fig 11 (details in S4 Table). Several
pathological features of the gallbladder were observed more frequently in O. felineus-infected
versus non-infected participants. For example, gallbladder wall irregularities (42.3% vs 25.6%),
wall thickening (74.7% vs 56.9%) and presence of a halo in the gallbladder (68.5% vs 55.0%).
However, the calculated risk increase was only significant in the univariate analysis and absent
in the multivariate analysis. But, the presence of a gallbladder stones was strongly associated
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with O. felineus infection; this abnormality was present in 16.9% of infected study participants
and only in 4.4% of the uninfected study participants (mOR = 2.8, 95% CI = 1.33-6.04,
p = 0.007).

Increased echogenicity of liver tissue was found predominantly in O. felineus-infected
patients (76.2%) compared to non-infected participants (52.1%) and was significantly associ-
ated in the univariate analysis (aOR = 2.9, 95% CI = 2.00-4.15, p<0.001).
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An intrahepatic bile duct dilatation was diagnosed in 20 (4.6%) study participants (6%
infected; 3% non-infected). The enlargement was not associated with the Opisthorchis infec-
tion status of the study participants (OR = 1.8, 95% CI = 0.66-4.80, p = 0.259). Periductal
fibrosis of intrahepatic bile ducts was significantly and strongly associated with an O. felineus
infection: 17.7% and 74.3% of the infected study participants had a grade 2 and grade 1 peri-
ductal fibrosis in intrahepatic bile ducts, respectively. Of the non-infected study participants,
only 10.5% and 55.0% yielded the same finding. Only 7.9% of the infected patients showed no
intrahepatic periductal fibrosis compared to 34.5% in the uninfected group. Thickened gall-
bladder walls were found among 74.7% of the patients with O. felineus infection, and among
56.9% of participants without infection. The difference was not statistically significant.

Discussion

O. felineus infection causes a chronic inflammatory disease of the bile ducts. This trematode
parasite is widely spread throughout the Russian Federation, with the highest prevalence rates
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reported in the middle and lower streams of the Ob and Irtysh rivers (Western Siberia) [2].
Analysis of the official medical data indicates that O. felineus infection in some regions of the
Russian Federation may reach as many as 600 new infected patients per 100 000 per year [3,5].
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However, information on the extent and importance of O. felineus infection prevalence, risk
factors and associated morbidity in rural communities is hardly available. There is a need for
greater understanding of the endemic setting in terms of the current infection and morbidity
burdens and associated risk factors in order to develop an adequate control program.

We conducted a cross-sectional study in the rural Shegarskiy district, Tomsk Oblast, West-
ern Siberia, to estimate the prevalence, intensity, risk factors, and clinical significance of O. feli-
neus infection in this endemic community. A total of 600 randomly selected individuals, aged
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seven years and older, were enrolled from nine villages in the district, 488 (81.3%) persons
actively participated at the study and of them 436 (72.7%) had US examination. Several assess-
ments were performed on each study participant to assess infection and morbidity and risk
factor profiles.

In our study, we found a high prevalence of O. felineus infection (60.2%). The vast majority
of the infected individuals had low-intensity infections (70.4%), but 3.1% of them had high-
intensity infections. O. felineus infection was significantly associated with increasing age and
being female, and negatively associated with socio-economic status. Furthermore, the con-
sumption of river fish, particularly undercooked fish; fishing activities; smoking; consumption
of alcohol; and presence of dogs in the household were significantly associated with an
increased risk of infection. Usually people feed dogs by undercooked river fish, and this could
be resulted on the contamination. Dogs are appropriate definitive hosts of O. felineus and
might play a role in the transmission of O. felineus in Siberia [1]. Despite a high awareness of
opisthorchiasis (93.2%), our work highlights the public’s insufficient knowledge related to
infection transmission and prevention. Children and adolescents had lower levels of awareness
of infection compared to adults. Our study also assessed the impact that O. felineus infection
has on human health. The abdominal ultrasonography results demonstrated a strong associa-
tion between O. felineus infection and hepatobiliary pathology, such as gallbladder stones, and
intrahepatic periductal fibrosis. In a considerable number of participants, an intrahepatic bile
duct dilation was observed.

Prevalence of Opisthorchis felineus infection

This is the first community-based study assessing the epidemiology of O. felineus infection and
morbidity in the endemic region of Western Siberia, Russian Federation, in the 21st century.
According to a recently published Russian-language literature review, a number of studies
focused on the occurrence of infection in Western Siberia some 20-30 years ago. They showed
that O. felineus prevalence exceeded 50% among adults in some Siberian regions, such as
Tomsk Oblast, Tyumen Oblast, and Yamal-Nenets and Khanty-Mansiysk autonomous Okrugs
[10]. Our results show that present-day O. felineus infection prevalence in Shegarskiy district is
still (at least) as high as indicated in previous reports (over 60%). Hence, there is a need to
revise the current control measures aiming to prevent, diagnose and treat the infection.

Our study documents ongoing transmission of O. felineus in rural Western Siberia, leading
to infected humans, wildlife and fresh water fish. By way of these hosts, the helminth is trans-
ported to other areas with suitable environmental features. Indeed, analysis of official epidemi-
ological data suggests that, over the two last decades, O. felineus infection has spread to new,
previously non-endemic regions [3]. Given high international trade and travel level (in rural
Western Siberia), the export of O. felineus infection to other areas in Europe, for example, is
likely to happen. Recently published papers described the cases of opisthorchiasis in citizens of
European Russia after short staying in endemic Siberian regions [30,31]. Our findings under-
score the public health importance of O. felineus infection in rural Western Siberian settings.

We observed that the prevalence and intensity of infection increased until the age of about
40 years. We also observed that infection prevalence was highly and positively associated with
infection intensity. The diagnosis and treatment of O. felineus infection is rather rare in She-
garskiy district. As the population is continuously exposed to new infections, the infection
accumulates over time, resulting in high infection prevalence and intensities in older age
groups. We have observed this previously for O. felineus [10]. This observation is also common
in rural settings in Southeast Asia where O. viverrini is endemic [32,33].
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Risk factors for Opisthorchis felineus infections

The main risk factor for an O. felineus infection is the consumption of freshwater fish from the
Cyprinidae family, such as Ide (Leuciscus idus), Common dace (Leuciscus leuciscus), Bream
(Abramis spp.), Crucian (Carassius carassius), Carp (Cyprinus spp.), and others. The majority
of infected participants ate undercooked fish, be it smoked, stocked / sun-dried, frozen, or
raw. They also reported consuming fried and boiled fish. This dietary tradition is connected to
other behavioral risk factors, such as fishing activities, smoking, and alcohol consumption. O.
felineus transmission is driven by the importance of locally caught river fish for nutrition, lei-
sure, and community building, as a part of the local “life by the river” [22]. Results of studies in
Thailand and Italy showed that eating habits, together with insufficient knowledge of infection
in the community are the key risk factors for acquiring an Opisthorchis infection [33-35].

In contrast to studies in Southeast Asia, we did not find an association between availability
of adequate sanitation facilities in the household and fluke infection. In all Siberian house-
holds, toilets and latrines are present and people are in the habit of using them indoors. Open
(outdoor) defecation outside of the household is rare, unlike in O. viverrini endemic settings in
Southeast Asia. In the Western Siberian setting and in Europe, wildlife is mainly responsible
for the transmission of the parasite to fish; O. felineus infection in humans is zoonotic in origin
unlike O. viverrini and C. sinensis which are more anthroponotic [1,6].

According to our study, women are at a higher risk of being infected than men. This is
most likely due to their involvement in preparing and cooking fish. We found that infection
was negatively associated with the socio-economic status of the population. This finding corre-
sponds to the results of epidemiological studies of other liver-fluke-endemic settings, such as
Southeast Asia, and of other NTDs in general [32,36].

Awareness of Opisthorchis felineus infection

Our study demonstrates a high level of awareness of opisthorchiasis among adult rural inhabi-
tants. Thus, future awareness programs and campaigns should primarily target children and
adolescents.

Our study revealed some misconceptions about the transmission of O. felineus infection.
For example, beliefs that one can become directly infected with O. felineus by contact with
"dirty hands", or with infected people and animals. Among the methods for preventing
opisthorchiasis, participants indicated hand washing, and pre-boiling drinking water. In addi-
tion, almost one in five respondents (18.7%) thought that preventing fluke infection in an
endemic region was not possible. These observations suggest that any future control strategies
must include community-focused information, education, and communication campaigns to
address these misconceptions around O. felineus transmission and prevention.

Morbidity associated with Opisthorchis felineus infection

In our study, infected individuals suffered from nonspecific abdominal (upper right quadrant)
pain. Half of the patients experienced heartburn, which was most probably gastroesophageal
reflux associated with O. felineus infection. Other common complaints included general mal-
aise, weakness, headache, itching, and skin rash, but these symptoms were not strongly spe-
cific. Previous research showed that O. felineus infection may be asymptomatic, yet chronic
infections may result in severe complications. The clinical consequences depend on the inten-
sity and duration of cumulative infestations [37,38]. We could not identify clinical symptoms
associated with O. felineus infection. Many factors could account for this finding; the non-
specificity of the symptoms and reporting bias would be among them.
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During abdominal ultrasound examinations, we observed a clear association between O.
felineus infection and pathology of the liver bile ducts and gallbladder. For instance, infected
individuals had a high prevalence of gallbladder stones. An increased echogenicity of liver
parenchyma was another sign of O. felineus infection. Abnormality of liver bile ducts (e.g. peri-
ductal fibrosis) was strongly associated with an O. felineus infection. In our study cohort, we
did not identify patients with a liver mass or suspected cholangiocarcinoma but in 20 partici-
pants an enlarged intrahepatic bile duct dilation was observed.

A long-lasting fluke infection may cause injury to the bile ducts, while their metabolic prod-
ucts irritate the biliary epithelial cells. Long-lasting inflammation may lead to cell desquama-
tion, hyperplasia, eventual periductal fibrosis and bile duct dilatation [37,39]. Chronic massive
O. felineus infection accompanied by sclerotic changes in the walls of the ducts leads to the
development of strictures and worsening of bile passage, which can lead to mechanical chole-
stasis requiring surgical treatment. According to the International Agency for Research on
Cancer, liver flukes from the Opisthorchiidae family are classified as cancerogenic agents [40].
There are also well-documented studies showing the association between O. viverrini infection
and fatal bile duct cancer-cholangiocarcinoma in Southeast Asia [38,41].

The cancerogenic potential of the O. felineus fluke has been described in experimental stud-
ies and clinical reports [37,39,42]. A review of official medical statistics presented an associa-
tion between O. felineus infection and liver or bile duct cancer incidence rates in endemic
areas [3]. To assess the morbidity connected to O. felineus infection, we used abdominal ultra-
sonography of the liver parenchyma and bile ducts. Reports from epidemiological studies in
Thailand documented the importance of periductal fibrosis and bile duct dilatation as ultraso-
nography markers when screening a population at risk of cholangiocarcinoma [25,38].

Study limitations

We restricted our study to rural areas of Western Siberia and selected the Shegarskiy district,
specifically. Therefore, we were not able to estimate the infection burden of urban centers,
such as Tomsk.

We detected eggs of O. felineus in stool samples by microscopy by use of PARASEP, an
application of formalin-ethyl acetate concentration technique (DiaSys Ltd, UK). Previous stud-
ies demonstrated that PARASEP has a higher sensitivity than Kato-Katz and McMaster tech-
niques for detecting Schistosoma mansoni, Ascaris lumbricoides, and Hymoenolepis nana
[43,44]. However, in Thailand the technique showed a low sensitivity for the detection of light
infections O. viverrini which increased higher infection intensities (at > 50 EPG) [45]. We
restricted our diagnostic approach to egg detection. It has previously been reported that egg
shedding of O. felineus adult may be interrupted. In our study, we collected and examined two
stool samples per person, which has been shown to increase the sensitivity for Opisthorchis egg
detection [46]. Where possible, e.g. in central hospital settings, molecular techniques might be
a more sensitive and appropriate diagnostic approach. All the stool samples were investigated
by one experienced and specially trained medical parasitologist, according to protocol and
PARASEP manufacturer’s instruction sheet. Eggs of O. felineus are morphologically similar to
eggs of Metorchis spp. a close relative of O. felineus [47]. However, latter trematodes are only
occasionally diagnosed in the Russian Federation and hence might have only marginally con-
tributed to a confusion of the results.

Conclusion

Our cross-sectional study documents the high O. felineus liver fluke infection and hepatobili-
ary morbidity burden in a rural area of Western Siberia, Russian Federation. Social and dietary
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factors play a determinant role in the transmission of O. felineus in endemic rural regions.
Abdominal US assessments document severe hepatobiliary morbidity. Therefore, O. felineus
infection and the associated morbidity is most probably much more frequent than currently
thought. Our results will be used to develop a multidisciplinary community-based control pro-
gram against O. felineus infection in endemic regions.

Supporting information

S1 Checklist. STROBE checklist.
(DOC)

S1 Table. Opisthorchis felineus infection rates overall and stratified by sub-groups
(N = 488).
(DOCX)

S2 Table. Opisthorchis felineus infection intensity overall and stratified by different groups.
(DOCX)

$3 Table. Risk factors of Opisthorchis felineus infection (results of the univariable and mul-
tivariable analysis).
(DOCX)

S$4 Table. Morbidity associated with Opisthorchis felineus infection (results of the univari-
able and multivariable analysis).
(DOCX)

Acknowledgments

We acknowledge the support and collaboration of TOPIC (Tomsk OPIsthorchiasis Consor-
tium), “www.topic-global.org”. The authors express their gratitude to the staff of Shegarskiy
Central District Hospital (Head of the Hospital in 2016-2017—S.V. Mazeina) and to the study
participants.

The authors thank Mrs Amena Briet for her efficient language editing.

Author Contributions

Conceptualization: Olga S. Fedorova, Peter Odermatt.
Data curation: Marina M. Fedotova, Sergey S. Gutor.
Formal analysis: Vyacheslav A. Petrov, Jan Hattendorf.
Funding acquisition: Olga S. Fedorova.

Investigation: Yulia V. Kovshirina, Tatiana S. Sokolova, Ekaterina A. Golovach, Anna E. Kov-
shirina, Uliana V. Konovalova, Ivan L. Kolomeets.

Methodology: Olga I. Zvonareva, Jan Hattendorf.

Project administration: Olga S. Fedorova, Sofia V. Mazeina.
Resources: Sofia V. Mazeina.

Supervision: Ludmila M. Ogorodova, Peter Odermatt.
Validation: Ludmila M. Ogorodova.

Visualization: Yulia V. Kovshirina.

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0008421  June 29, 2020 21/24


http://journals.plos.org/plosntds/article/asset?unique&id=info:doi/10.1371/journal.pntd.0008421.s001
http://journals.plos.org/plosntds/article/asset?unique&id=info:doi/10.1371/journal.pntd.0008421.s002
http://journals.plos.org/plosntds/article/asset?unique&id=info:doi/10.1371/journal.pntd.0008421.s003
http://journals.plos.org/plosntds/article/asset?unique&id=info:doi/10.1371/journal.pntd.0008421.s004
http://journals.plos.org/plosntds/article/asset?unique&id=info:doi/10.1371/journal.pntd.0008421.s005
http://www.topic-global.org
https://doi.org/10.1371/journal.pntd.0008421

PLOS NEGLECTED TROPICAL DISEASES Opisthorchis felineus epidemiology in rural Siberia

Writing - original draft: Olga S. Fedorova, Marina M. Fedotova.

Writing - review & editing: Peter Odermatt.

References

1.

10.

11.

12

13.

14.

15.

16.

17.

18.
19.

20.

Petney TN, Andrews RH, Saijuntha W, Wenz-Mucke A, Sithithaworn P. The zoonotic, fish-borne liver
flukes Clonorchis sinensis, Opisthorchis felineus and Opisthorchis viverrini. Int J Parasitol 2013;
43:1013-46. https://doi.org/10.1016/j.ijpara.2013.07.007 PMID: 23978669

Ogorodova LM, Fedorova OS, Sripa B, Mordvinov VA, Katokhin A V, Keiser J, et al. Opisthorchiasis: an
overlooked danger. PLoS Negl Trop Dis 2015; 9:e0003563. https://doi.org/10.1371/journal.pntd.
0003563 PMID: 25836334

Fedorova OS, Kovshirina Y V., Kovshirina AE, Fedotova MM, Deev IA, Petrovskiy Fl, et al. Opisthorchis
felineus infection and cholangiocarcinoma in the Russian Federation: A review of medical statistics.
Parasitol Int 2017; 66:365—71. https://doi.org/10.1016/j.parint.2016.07.010 PMID: 27474689

Pakharukova MY, Mordvinov VA. The liver fluke Opisthorchis felineus: Biology, epidemiology and carci-
nogenic potential. Trans R Soc Trop Med Hyg 2015; 110:28-36. https://doi.org/10.1093/trstmh/trv085
PMID: 26740360

Gosudarstvennyj Doklad (The State Report), Federal Center of Hygiene and Epidemiology of Federal
Service for Supervision of Consumer Rights Protection and Human Welfare, Moscow: 2013, p. 116—7.

Pozio E, Armignacco O, Ferri F, Gomez Morales MA. Opisthorchis felineus, an emerging infection in
Italy and its implication for the European Union. Acta Trop 2013; 126:54—62. https://doi.org/10.1016/j.
actatropica.2013.01.005 PMID: 23337391

Skripova L V, Romanenko NA, Be’er SA, Beznos T V, Gitsu GA, Novosil'tsev Gl, et al. [The detection of
opisthorchiasis foci in Byelorussia). Med Parazitol (Mosk) n.d.:37—40.

Hering-Hagenbeck S, Schuster R. A focus of opisthorchiidosis in Germany. Appl Parasitol 1996;
37:260-5. PMID: 9060173

Tselepatiotis E, Mantadakis E, Papoulis S, Vassalou E, Kotsakis P, Samonis G. A Case of Opisthorchis
felineus Infestation in a Pilot from Greece. Infection 2003; 31:430-2. https://doi.org/10.1007/s15010-
003-3225-z PMID: 14735389

Fedorova OS, Fedotova MM, Sokolova TS, Golovach EA, Kovshirina Y V., Ageeva TS, et al.
Opisthorchis felineus infection prevalence in Western Siberia: A review of Russian literature. Acta Trop
2018; 178:196—204. https://doi.org/10.1016/j.actatropica.2017.11.018 PMID: 29191519

Mairiang E, Mairiang P. Clinical manifestation of opisthorchiasis and treatment. Acta Trop., vol. 88,
20083, p. 221-7. https://doi.org/10.1016/j.actatropica.2003.03.001 PMID: 14611876

Fedorova OS, Janse JJ, Ogorodova LM, Fedotova MM, Achterberg RA, Verweij JJ, et al. Opisthorchis
felineus negatively associates with skin test reactivity in Russia—EuroPrevall-International Cooperation
study. Allergy Eur J Allergy Clin Immunol 2017; 72:1096—104. https://doi.org/10.1111/all.13120 PMID:
28032359

Petney TN, Andrews RH, Saijuntha W, Tesana S, Prasopdee S, Kiatsopit N, et al. Taxonomy, Ecology
and Population Genetics of Opisthorchis viverriniand Its Intermediate Hosts. Adv. Parasitol., vol. 101,
2018, p. 1-39. https://doi.org/10.1016/bs.apar.2018.05.001 PMID: 29907251

Yurlova NI, Yadrenkina EN, Rastyazhenko NM, Serbina EA, Glupov V V. Opisthorchiasis in Western
Siberia: Epidemiology and distribution in human, fish, snail, and animal populations. Parasitol Int 2017;
66:355—-64. https://doi.org/10.1016/j.parint.2016.11.017 PMID: 27939972

Wang Y-C, Yuen R, Feng C-C, Sithithaworn P, Kim I-H. Assessing the role of landscape connectivity on
Opisthorchis viverrinitransmission dynamics. Parasitol Int 2017; 66:402—12. https://doi.org/10.1016/].
parint.2016.06.002 PMID: 27265875

Sripa B, Tangkawattana S, Sangnikul T. The Lawa model: A sustainable, integrated opisthorchiasis
control program using the EcoHealth approach in the Lawa Lake region of Thailand. Parasitol Int 2017;
66:346-54. https://doi.org/10.1016/j.parint.2016.11.013 PMID: 27890720

Armignacco O, Caterini L, Marucci G, Ferri F, Bernardini G, Natalini Raponi G, et al. Human illnesses
caused by Opisthorchis felineus flukes, Italy. Emerg Infect Dis 2008; 14:1902-5. https://doi.org/10.
3201/eid1412.080782 PMID: 19046516

Kholodkovsky N. Atlas of human worm. Issue 2. Lentets and flukes. St. Petersburg: 1898.

Vinogradov K. On a new kind of fluke (Distomum sibiricum) in the human liver. A separate print. Tomsk:
Works of the Tomsk Society of Naturalists; 1891.

Register of administrative and terrtorial units of the Tomsk region. Tomsk: 2016.

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0008421  June 29, 2020 22/24


https://doi.org/10.1016/j.ijpara.2013.07.007
http://www.ncbi.nlm.nih.gov/pubmed/23978669
https://doi.org/10.1371/journal.pntd.0003563
https://doi.org/10.1371/journal.pntd.0003563
http://www.ncbi.nlm.nih.gov/pubmed/25836334
https://doi.org/10.1016/j.parint.2016.07.010
http://www.ncbi.nlm.nih.gov/pubmed/27474689
https://doi.org/10.1093/trstmh/trv085
http://www.ncbi.nlm.nih.gov/pubmed/26740360
https://doi.org/10.1016/j.actatropica.2013.01.005
https://doi.org/10.1016/j.actatropica.2013.01.005
http://www.ncbi.nlm.nih.gov/pubmed/23337391
http://www.ncbi.nlm.nih.gov/pubmed/9060173
https://doi.org/10.1007/s15010-003-3225-z
https://doi.org/10.1007/s15010-003-3225-z
http://www.ncbi.nlm.nih.gov/pubmed/14735389
https://doi.org/10.1016/j.actatropica.2017.11.018
http://www.ncbi.nlm.nih.gov/pubmed/29191519
https://doi.org/10.1016/j.actatropica.2003.03.001
http://www.ncbi.nlm.nih.gov/pubmed/14611876
https://doi.org/10.1111/all.13120
http://www.ncbi.nlm.nih.gov/pubmed/28032359
https://doi.org/10.1016/bs.apar.2018.05.001
http://www.ncbi.nlm.nih.gov/pubmed/29907251
https://doi.org/10.1016/j.parint.2016.11.017
http://www.ncbi.nlm.nih.gov/pubmed/27939972
https://doi.org/10.1016/j.parint.2016.06.002
https://doi.org/10.1016/j.parint.2016.06.002
http://www.ncbi.nlm.nih.gov/pubmed/27265875
https://doi.org/10.1016/j.parint.2016.11.013
http://www.ncbi.nlm.nih.gov/pubmed/27890720
https://doi.org/10.3201/eid1412.080782
https://doi.org/10.3201/eid1412.080782
http://www.ncbi.nlm.nih.gov/pubmed/19046516
https://doi.org/10.1371/journal.pntd.0008421

PLOS NEGLECTED TROPICAL DISEASES Opisthorchis felineus epidemiology in rural Siberia

21.
22,

23.

24,

25.

26.
27.

28.

29.
30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

Russian regions. Main characteristics of the subjects of Russian Federation. Moscow: 2017.

Zvonareva O, Odermatt P, Golovach EA, Fedotova MM, Kovshirina Y V., Kovshirina AE, et al. Life by
the river: neglected worm infection in Western Siberia and pitfalls of a one-size-fits-all control approach.
Crit Public Health 2018; 28:534—-45. https://doi.org/10.1080/09581596.2017.1378425

Rumack CM, Wilson S, Charboneau WJ, Levine D. The Liver. In: Wilson S, Withers C, editors. Diagnos-
tic Ultrasound. 4th. Vol. 1., Philadelphia, PA: Elsevier- Mosby; 2011, p. 78-84.

Zhang Y, Wang XL, Li SX, Bai YZ, Ren WD, Xie LM, et al. Ultrasonographic dimensions of the common
bile duct in Chinese children: Results of 343 cases. J Pediatr Surg 2013. https://doi.org/10.1016/j.
jpedsurg.2012.11.047 PMID: 24074663

Sripa B, Mairiang E, Thinkhamrop B, Laha T, Kaewkes S, Sithithaworn P, et al. Advanced periductal
fibrosis from infection with the carcinogenic human liver fluke Opisthorchis viverrini correlates with ele-
vated levels of interleukin-6. Hepatology 2009; 50:1273-81. https://doi.org/10.1002/hep.23134 PMID:
19676135

R Core Team. R: A Language and Environment for Statistical Computing 2017.

Elkins D, Sithithaworn P, Haswell-Elkins M, Kaewkes S, Wongratanacheewin S, Awacharagan P.
Opisthorchis viverrini: Relationships between egg counts, worms recovered and antibody levels within
an endemic community in Northeast Thailand. Parasitology 1991; 102:283-8. https://doi.org/10.1017/
s0031182000062600 PMID: 1852494

Halekoh U, Hgjsgaard S, Yan J. The R Package geepack for Generalized Estimating Equations. J Stat
Softw 2006; 15. https://doi.org/10.18637/jss.v015.i02

Kahle D, Wickham H. Spatial Visualization with ggplot2. R J 2013; 5:144—-61.

Syskova TG. Parasitic diseases in the Russian Federation in the context of population migration. Med
Parazitol (Mosk) 2004; 1:3-5.

Bronshtejn AM, Kozlov SS, Malyshev NA, Burova S V., Maksimova MS, Fedyanina L V., et al. Acute
infection of Opisthorchis felineus in Moscow: Cases from delivered fish and cases in tourists travelled to
endemic regions in Russia. J Infektologii 2019; 11:76—-83. https://doi.org/10.22625/2072-6732-2019-11-
1-76-83

Forrer A, Sayasone S, Vounatsou P, Vonghachack Y, Bouakhasith D, Vogt S, et al. Spatial distribution

of, and risk factors for Opisthorchis viverriniinfection in southern Lao PDR. PLoS Negl Trop Dis 2012;
6:e1481. https://doi.org/10.1371/journal.pntd.0001481 PMID: 22348157

Suwannatrai A, Saichua P, Haswell M. Epidemiology of Opisthorchis viverrini Infection. Adv Parasitol
2018; 101:41-67. https://doi.org/10.1016/bs.apar.2018.05.002 PMID: 29907255

Scaramozzino P, Condoleo R, Martini E, Bossu T, Aquilani S, Spallucci V, et al. Behaviour and eating
habits as determinants for human opisthorchiasis in the Bolsena Lake area, Italy. Folia Parasitol
(Praha) 2018. https://doi.org/10.14411/fp.2018.013 PMID: 30348910

Suwannahitatorn P, Webster J, Riley S, Mungthin M, Donnelly CA. Uncooked fish consumption among
those at risk of Opisthorchis viverriniinfection in central Thailand. PLoS One 2019; 14:e0211540.
https://doi.org/10.1371/journal.pone.0211540 PMID: 30703149

Wichaiyo W, Parnsila W, Chaveepojnkamjorn W, Sripa B. Predictive risk factors towards liver fluke
infection among the people in Kamalasai District, Kalasin Province, Thailand. SAGE Open Med 2019.
https://doi.org/10.1177/2050312119840201 PMID: 30937170

Brazhnikova NA, Tolkaeva M V. Cancer of liver, biliary tracts and pancreas at chronic opisthorchosis.
Bull Sib Med 2002; 2:71-7.

Chamadol N, Khuntikeo N, Thinkhamrop B, Thinkhamrop K, Suwannatrai AT, Kelly M, et al. Association
between periductal fibrosis and bile duct dilatation among a population at high risk of cholangiocarci-
noma: a cross-sectional study of cholangiocarcinoma screening in Northeast Thailand. BMJ Open
2019; 9:e023217. https://doi.org/10.1136/bmjopen-2018-023217 PMID: 30898798

Gouveia MJ, Pakharukova MY, Laha T, Sripa B, Maksimova GA, Rinaldi G, et al. Infection with
Opisthorchis felineus induces intraepithelial neoplasia of the biliary tract in a rodent model. Carcinogen-
esis 2017. https://doi.org/10.1093/carcin/bgx042 PMID: 28910999

A review of human carcinogens. IARC monographs on the evaluation of carcinogenic risks to humans /
World Health Organization, International Agency for Research on Cancer IARC. Biological agents. Vol-
ume 100 B. 2012; 100:1-441.

Sripa B, Brindley PJ, Mulvenna J, Laha T, Smout MJ, Mairiang E, et al. The tumorigenic liver fluke
Opisthorchis viverrini—multiple pathways to cancer. Trends Parasitol 2012. https://doi.org/10.1016/j.pt.
2012.07.006 PMID: 22947297

Kovshirina Y V., Fedorova OS, Vtorushin S V., Kovshirina AE, lvanov SD, Chizhikov A V., et al. Case
Report: Two Cases of Cholangiocarcinoma in Patients with Opisthorchis felineus Infection in Western

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0008421  June 29, 2020 23/24


https://doi.org/10.1080/09581596.2017.1378425
https://doi.org/10.1016/j.jpedsurg.2012.11.047
https://doi.org/10.1016/j.jpedsurg.2012.11.047
http://www.ncbi.nlm.nih.gov/pubmed/24074663
https://doi.org/10.1002/hep.23134
http://www.ncbi.nlm.nih.gov/pubmed/19676135
https://doi.org/10.1017/s0031182000062600
https://doi.org/10.1017/s0031182000062600
http://www.ncbi.nlm.nih.gov/pubmed/1852494
https://doi.org/10.18637/jss.v015.i02
https://doi.org/10.22625/2072-6732-2019-11-1-76-83
https://doi.org/10.22625/2072-6732-2019-11-1-76-83
https://doi.org/10.1371/journal.pntd.0001481
http://www.ncbi.nlm.nih.gov/pubmed/22348157
https://doi.org/10.1016/bs.apar.2018.05.002
http://www.ncbi.nlm.nih.gov/pubmed/29907255
https://doi.org/10.14411/fp.2018.013
http://www.ncbi.nlm.nih.gov/pubmed/30348910
https://doi.org/10.1371/journal.pone.0211540
http://www.ncbi.nlm.nih.gov/pubmed/30703149
https://doi.org/10.1177/2050312119840201
http://www.ncbi.nlm.nih.gov/pubmed/30937170
https://doi.org/10.1136/bmjopen-2018-023217
http://www.ncbi.nlm.nih.gov/pubmed/30898798
https://doi.org/10.1093/carcin/bgx042
http://www.ncbi.nlm.nih.gov/pubmed/28910999
https://doi.org/10.1016/j.pt.2012.07.006
https://doi.org/10.1016/j.pt.2012.07.006
http://www.ncbi.nlm.nih.gov/pubmed/22947297
https://doi.org/10.1371/journal.pntd.0008421

PLOS NEGLECTED TROPICAL DISEASES Opisthorchis felineus epidemiology in rural Siberia

43.

44.

45.

46.

47.

Siberia, Russian Federation. Am J Trop Med Hyg 2018. https://doi.org/10.4269/ajtmh.18-0652 PMID:
30594265

Kaewpitoon SJ, Rujirakul R, Tongtawee T, Matrakul L, Panpimanmas S, Wakkuwattapong P, et al.
Detection of the carcinogenic liver fluke Opisthorchis viverrini using a Mini Parasep SF Faecal parasite
concentrator. Asian Pacific J Cancer Prev 2016; 17:373-6. https://doi.org/10.7314/APJCP.2016.17.1.
373 PMID: 26838241

Adugna S, Kebede T, Mekonnen Z, Degarege A, Liang S, Erko B. Diagnostic performance of Mini Para-
sep solvent-free faecal parasite concentrator relative to Kato-Katz and McMaster for the diagnosis of
intestinal parasitic infections. Trans R Soc Trop Med Hyg 2017; 111:572-8. https://doi.org/10.1093/
trstmh/try010 PMID: 29509952

Charoensuk L, Subrungruang |, Mungthin M, Pinlaor S, Suwannahitatorn P. Comparison of stool exami-
nation techniques to detect Opisthorchis viverriniin low intensity infection. Acta Trop 2019; 191:13-6.
https://doi.org/10.1016/j.actatropica.2018.12.018 PMID: 30550733

Sayasone S, Utzinger J, Akkhavong K, Odermatt P. Repeated stool sampling and use of multiple tech-
niques enhance the sensitivity of helminth diagnosis: a cross-sectional survey in southern Lao People’s
Democratic Republic. Acta Trop 2015; 141:315-21. https://doi.org/10.1016/j.actatropica.2014.09.004
PMID: 25225157

Mordvinov VA, Yurlova NI, Ogorodova LM, Katokhin A V. Opisthorchis felineus and Metorchis bilis are
the main agents of liver fluke infection of humans in Russia. Parasitol Int 2012; 61:25-31. https://doi.
org/10.1016/j.parint.2011.07.021 PMID: 21840415

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0008421  June 29, 2020 24/24


https://doi.org/10.4269/ajtmh.18-0652
http://www.ncbi.nlm.nih.gov/pubmed/30594265
https://doi.org/10.7314/APJCP.2016.17.1.373
https://doi.org/10.7314/APJCP.2016.17.1.373
http://www.ncbi.nlm.nih.gov/pubmed/26838241
https://doi.org/10.1093/trstmh/try010
https://doi.org/10.1093/trstmh/try010
http://www.ncbi.nlm.nih.gov/pubmed/29509952
https://doi.org/10.1016/j.actatropica.2018.12.018
http://www.ncbi.nlm.nih.gov/pubmed/30550733
https://doi.org/10.1016/j.actatropica.2014.09.004
http://www.ncbi.nlm.nih.gov/pubmed/25225157
https://doi.org/10.1016/j.parint.2011.07.021
https://doi.org/10.1016/j.parint.2011.07.021
http://www.ncbi.nlm.nih.gov/pubmed/21840415
https://doi.org/10.1371/journal.pntd.0008421

