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Infection with the liver fluke, Opisthorchis felineus, caused by the consumption of infected raw
or undercooked cyprinid fish is common in humans and carnivores in the middle Ob River
basin (Tomsk region, Russia) and can lead to diseases in humans. The goal of this study was
the status of fish infection with O. felineus metacercariae in order to assess the role of fish in
the infection of the human population in the middle Ob River basin.

Of the 14 Cyprinidae species recorded in the middle Ob River basin, we examined 6 cyprinid
species for prevalence and intensity of infection with O. felineus metacercariae. Five of these
species (Leuciscus idus, Leuciscus leuciscus, Rutilus rutilus, Abramis brama, and Carassius gibelio)
are of commercial value, while the common bleak is an object of amateur fishing. In addition,
we conducted a survey of the fish consumption habits as part of a community-based cross-
sectional study in the rural Shegarsky district, Tomsk region, Russian Federation.

0. felineus metacercariae were observed in muscles of all examined species except for the Prus-
sian carp. The ide is the main infection source in the Ob River (prevalence of infection, 100%,
and intensity, 50.5 metacercariae per fish) and the common dace in the Tom River (91.1%
and 12.7 metacercariae). Although the two alien species (bream and common bleak) are sus-
ceptible to infection with O. felineus metacercariae, the prevalence of infection in these fish
and in the roach did not exceed 3%. The prevalence and intensity of infection in fish increased
with age and size. The infection characteristics of fish in different water flows were different.
The cyprinid species account on average for 69.8% of the commercial fish harvested in the
Tomsk region. According to epidemiological survey, among 600 participants, 87.5% (n = 525)
of respondents consumed river fish, with the most popular fish being cyprinids including Prus-
sian carp, dace, ide and bream, followed by pike and perch.

Thus, the epizootological state of the water flows in the middle Ob River basin is adverse with
respect to opisthorchiasis, as indicated by high infection rates of liver fluke metacercariae in ide
and common dace, which are abundant species of high commercial value. An extremely high
prevalence of infection suggests a strong transmission cycle with a high rate of infection
from infected humans and/or animal reservoir hosts to snails and fish. In addition to treating
humans, there should be a strong focus on identifying these potential reservoir hosts to reduce
subsequent infection in humans. Furthermore, since the intensity of infection in humans is de-
termined by the presence of fish species such as ide and dace in the diet, they should be in-
cluded in a dietary change campaign by eliminating the consumption of raw fish.
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1. Introduction

Trematodes (flukes) of the family Opisthorchidae cause liver and bile duct diseases in humans and carnivores. Persistent liver
fluke infection correlates with malignant neoplasms of the hepatobiliary system (Aksorn et al., 1981; Fedorova et al., 2017, 2016;
Lim, 2011; Thunyaharn et al., 2013).

Three liver fluke species are of the highest epidemiological importance: namely, Opisthorchis viverrini (Poirier, 1886) Stiles &
Hassal, 1896, causing opisthorchiasis in Southeast Asia (Cambodia, Lao People's Democratic Republic, Thailand, and Vietnam);
Clonorchis sinensis Looss, 1907, pertinent to China, Republic of Korea and northern Vietnam; and O. felineus Rivolta, 1884, respon-
sible for the health problems in Europe, Russia, Kazakhstan, and Ukraine (Haswell-Elkins and Levri, 2003; World Health
Organization, 1995).

Up to 600-750 million people worldwide are at risk of infection with liver flukes (Marcos et al., 2008; Mordvinov et al., 2012;
Ogorodova et al.,, 2015; Petney et al., 2013), including 601 million at risk of C. sinensis infections (570 million in China and
Taiwan); 67.3 million people are exposed to O. viverrini infection; and 12.5 million people are exposed to O. felineus infection
(Keiser and Utzinger, 2009, 2005).

In Russia, opisthorchiasis still remains among the most relevant and socially significant challenges, accounting for 78.5% of all
recorded helminthiases in this country (Federal Service on Surveillance in the Sphere of Consumer Rights Protection and Human
Welfare, 2018, 2018). Russia encompasses two-thirds of the world distribution range of O. felineus (Resolution no. 179 of the
Federal Service for Supervision of Consumer Rights Protection and Human Well-being of December 12, 2016). According to the
official statistical data, up to 26,000 human cases are recorded annually. The real number of cases may be approximately 15-
fold higher (Letter no. 1/12315-2018-27 of the Federal Service for Supervision of Consumer Rights Protection and Human Well-
being of September 24, 2018). The Tomsk region (middle Ob River basin) is among the hyperendemic areas of Russia where a
prevalence of O. felineus infection is 60.2% (Fedorova et al., 2017, 2018, 2020).

0. felineus has a complex life cycle that includes a freshwater snail of the genus Bithynia as the first intermediate host and river
fish of the family Cyprinidae, which is the second intermediate host (Petney et al.,, 2018, 2013). The definitive hosts are mamma-
lian (cats, dogs, foxes and various fish-eating mammals, including humans) who are infected by raw (or undercooked - for
human) fish containing metacercariae of O. felineus. After ingestion, the metacercariae ascend into the biliary ducts, where they
develop into adults and start releasing eggs. Eggs together with faeces of definitive hosts fall into the surface waters of rivers
or lakes where they are ingested by snails. A wide range of various fish-eating mammals are responsible for circulating of
0. felines (Petney et al,, 2018, 2013; Yurlova et al,, 2017).

The fish in the Ob-Irtysh basin were examined for infestation with the liver fluke metacercariae with varying intensity. A large
volume of data on fish infestation in the Novosibirsk, Tomsk and Tyumen regions was accumulated in the 1990s-2000s
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(Fattakhov, 2002, 1996, 1990; Fedorov et al., 2001; Gafina, 1996; Krivenko and Filatov, 1990; Sous’ and Rostovtsev, 2006;
Bocharova, 2007). The major carriers of the liver fluke metacercariae in Western Siberia are cyprinid fish, primarily ide, common
dace, and roach (Bocharova, 2007; Karpenko et al., 2008; Pel'gunov, 2012; Romanov et al., 2017).

A high prevalence of metacercariae contaminated cyprinid fish is one of the most important factors influencing the
opisthorchiasis morbidity rate in humans. However, not only biological and ecological factors drive opisthorchiasis transmission.
Some cultural preferences, including fishing and traditional consumption of undercooked river fish, also contribute to the high
prevalence of opisthorciasis in the region. Previous study has shown the importance of river fish to the local population in
terms of nutrition, food culture and community life (Zvonareva et al., 2018). Therefore, opisthorchiasis remains a significant prob-
lem in the Tomsk region despite prevention efforts and it is important to assess the prevalence of metacercariae-infected fish
among commonly used and commercially demanded species of cyprinid fish.

The goal of this study was the status of fish infection with O. felineus metacercariae in order to assess the role of fish in the
infection of the human population in the middle Ob River basin. A better understanding of the species of fish primarily respon-
sible for transmission can help to improve food quality and safety and provide data to assist the development of an effective strat-
egy for the targeted prevention and control of O. felineus infection in Western Siberia.

2. Materials and methods
2.1. Study area

The study was conducted in the Tomsk region situated in the southeast of Russia (Western Siberian Plain), which covers an
area of 314,391 km? of the middle Ob River basin that stretches over 600 km from north to south and 780 km from west to
east (Fig. 1). The region contains 18,000 rivers, rivulets, and other streams with a total length of approximately 97,000 km. The
length of the Ob River part within the Tomsk region is 1170 km (Savichev, 2010). Tomsk city is the capital of the Tomsk region.

The study was conducted in two stages, including epidemiological stage and further fish harvesting and contamination
assessment.

2.2. Survey of the fish consumption habits

We conducted the survey of fish consumption habits as part of a community-based cross-sectional study in the rural
Shegarsky district, Tomsk region, Russian Federation (Fedorova et al., 2020). Shegarsky district displays high fish densities due
to two main rivers: the Ob (East) and the Shegarka (West) rivers and a rich network of small rivers and lakes. Inhabitants of
37 rural settlements in the district lead a typical rural/farmer lifestyle. Fishing is an important part of the community life and
river fish is a staple food (Zvonareva et al,, 2018).

The survey was approved by the Ethics Committee of Siberian State Medical University (# 4815 of 27 June 2016). All house-
hold members (aged seven years and older) present on the survey day were enrolled in the study. 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. The study was conducted in the period from 1 July 2016 to 30 April 2017. Using the cluster
approach, nine of the 37 villages were selected, namely Melnikovo, Kargala, Voznesenka, Batkat, Pobeda, Monostyrka,
Malobragino, Novoilyinka, and Voronovka. For each village, a list of randomly selected households proportional to village popula-
tion size was obtained. Within survey the clinical interviewing was performed. The questionnaire was developed based on the
insights gained from in-depth interviews conducted during an earlier qualitative study (Zvonareva et al., 2018). After a pilot
test with 15 volunteers, the questionnaire was revised to improve clarity. The questionnaire includes questions about fishing
and river fish consumption. The survey was conducted by trained interviewers. More details of the study can be found in
(Fedorova et al., 2020).

2.3. Fish harvesting and contamination assessment

The harvestable stock of cyprinid fish in the Tomsk region was assessed in 2004-2018 (according to the official data kindly
provided by the Upper Ob River regional office of the Federal Agency for Fishery).

The fish infection rate was assayed in 2016-2018 using the individuals harvested in the Basandaika River (second-order trib-
utary; 56°24’41.00"N, 84°58'50.70"E), Tom River (first-order tributary; 56°27’45.4"N, 84°55’48.1"E), Chulym River (first-order
tributary; 57°05’20.93”N, 87°23'36.95”E), Ob River in the Shegarsky (56°32’50,92”N, 84°09'36.83"E) and Parabelsky (58°45’
18.0”N, 81°33’30.0”E) districts, and in several lakes (56°31/28"N, 84°55’53"E) of the Tomsky district (Tomsk region) (Fig. 1).

Commercial and non-commercial (by-catch) fish were selected from commercial catches. Commercial dragnet with a size of
700 x 1.85 x 11.84 m was used.

In total, 1226 individuals were assayed in 2016-2018, including 75 ides (age cohorts of 2 to 8 years); 463 daces (age cohorts
of 1 to 6 years), 216 roaches (age cohorts of 1 to 5 years), 255 bleaks (age cohorts of 1 to 4 years), 145 breams (1 to 9 years), and
72 Prussian carps (2 to 7 years).

The fish were identified to a species level and gender to measure the standard length (SL, cm) and body weight (W, g). Oto-
liths were used to determine the age. The back of the fish's head was transected to extract otoliths. In small fish, otoliths were
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Fig. 1. Commercial fish stocks in the Tomsk region (Resource and Ecological Atlas of the Tomsk Region, 2004): 1, Aleksandrovsky district; 2, Asinovsky district; 3,
Bakcharsky district; 4, Verkhneketsky district; 5. Zyryansky district; 6, Kargasoksky district; 7, Kozhevnikovsky district; 8, Kolpashevsky district; 9, Krivosheinsky
district; 10, Molchanovsky district; 11, Parabelsky district; 12, Pervomaysky district; 13, Teguldetsky district; 14, Tomsky district; 15, Chainsky district; and 16,
Shegarsky district, and the cities of 17, Kedroviy; 18, Seversk; 19, Strezhevoy; and 20, Tomsk. Red points indicate sampling locations. The map is based on
GDM data (www.gadm.org), version 3.4, April 2018, and visualization using R (3.6.1) (http://CRAN.R-project.org/package=sp). (For interpretation of the
references to colour in this figure legend, the reader is referred to the web version of this article.)"

examined as a whole, and in large fish they were separated. Examination was performed using a stereo microscope, up to 90x,
MSP-1, LOMO. One transparent and one opaque zone together were taken as an indicator of annual growth.

0. felineus metacercariae were identified using a standard patented compression method by examining the fish muscles from
both body sides (Voronin et al., 2019). We performed a complete parasitological dissection of the fish and microscoped all the
muscles. Pieces of the dorsal musculature of fish and scrapings from the inner side of the skin are pressed between two glasses
or a compressor and examined under the MBS stereoscopic microscope at different magnifications. The detected metacercariae
are separated from the surrounding tissues using dissecting needles and transferred to a glass slide in a drop of water and
microscoped. If two species of opisthorchid metacercariae simultaneously parasitize in fish, Pseudamphistomum truncatum cysts
are seen to be distinctly larger than O. felineus ones. When P. truncatum and Paracoenogonimus ovatus metacercariae cysts are
found in fish, the latter are noticeably smaller and round in shape. If O. felineus metacercariae cysts and P. ovatus cysts of similar
size are simultaneously detected in fish, the latter is round in shape and have a thick hyaline capsule. The comparison of O.
felineus and P. truncatum metacercariae cysts shows that the secretory vesicle of the former is translucent with granular structure,
whereas in P. truncatum it is larger and completely dark and impervious to light (Voronin et al., 2019).

This method is reliable, and it was widely used for detection and identification of muscle metacercariae of trematodes by
Russian scientists in 1946-2005 (Bauer, 1987; Beer, 2005; Beer et al., 1987; Bocharova, 1971; Fedorov et al,, 2001; Myasoedov,
1960; Titova, 1965, 1953). We used this method to reliably compare our results with findings of previous studies. We found
other trematode larvae in the fish muscles, including Metorchis billis and Paracoenogonimus ovatus. These data were not included
in the present study, but Paracoenogonimus ovatus was used for valid identification of O. felineus larvae (Voronin et al.,, 2019).

The prevalence of infection, PI (the percentage of infested individuals relative to the total number of examined ones), intensity
of infection, II (the minimal and maximal counts of parasites in infected individuals), and their average values were determined.
The 11 value was determined by dividing the total count of parasites by the number of infested fishes. The index of abundance (the
average number of larvae per examined individual) was calculated by dividing the total number of the observed larvae by the
number of examined individuals. The mean error of PI was calculated as.
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— p(100—p)
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where p is the prevalence of infection, % and n is the number of examined individuals.

The fish species are ordered in the Results section according to the intensity of their infection. Statistical analyses were per-
formed using R (3.6.1), a free software environment for statistical computing and graphics. Continuous data were presented in
mean and standard deviation, while nominal variables were presented in percent. Statistical data processing involved Pearson cor-
relation coefficient (r) and nonparametric Kruskal-Wallis test (Zar, 2010). A P-value of 0.05 or less was considered significant.

3. Results
3.1. Survey of the fish consumption habits

In total, 600 participants were involved from 388 randomly selected households in nine villages with a mean age of 44.9 +
19.7 years. Among 600 participants, 29.7% were male and 16.1% were children/adolescents aged 7 to 18 years.

Of the 600 participants, 87.5% (n = 488) consumed river fish and 94.16% (n = 565) indicated that someone from their family
members ate river fish. A total of 60.06% of respondents where at least one family member ate fish listed fishermen as the main
source of fish in their family, 53.1% of respondents got fish from other people and 33.98% bought river fish in a store.

There is a fisherman in 57.89% of households, and 34.3% of respondents fish themselves (including children). About half of the
fishermen (47.9%) go fishing 1-2 times a month and 28.2% do this 3-4 times a month, 16.8% fish several times a week and 7.2%
go fishing every day. The majority (99.5%) of fishermen eat caught fish and 26.8% of them sell or give out the caught fish. In 61.5%
of households pets are fed with river fish.

According to the results of the survey, the most consumed fish are Prussian carp, pike, dace, perch, ide, and bream. Among
these fish, cyprinids are most popular. The majority of these fish species belong to the cyprinid family and pose the greatest dan-
ger in terms of opisthorchiasis infection (Table 1).

3.2. Fish harvesting and contamination assessment

The commercial fish stock of the Tomsk region was analyzed using the data provided by the Upper Ob River regional office of
the Federal Agency for Fishery in 2004-2018 to assess the role of each cyprinid species in the middle Ob River basin (Fig. 2).
Three species of fish (ide, bream and roach) prevail in fish catches. Each fish species accounts for approximately 16-18% of the
total catch. These three species add up to 49.1-68.0%. On the average, this amounts to over half (55.1%) of commercial harvest.
The common dace is somewhat less commercially important, accounting for 3.1-11.6% of the total harvest. The commercial sig-
nificance of the Prussian carp is similar to that of the common dace (2.7-11.5%), whereas the common bleak, an object of the am-
ateur fishing, has not been taken into account in the commercial harvest statistics.

Thus, these six species of cyprinids constantly found in the middle Ob River basin are objects of commercial or amateur fishing.
The share of the cyprinids accounts on the average for 69.8% of the total fish harvest in the Tomsk region.

Therefore, these six cyprinid species, which are the major harvested objects in the Tomsk region, were assayed: common
bream Abramis brama Linnaeus, 1758; common bleak Alburnus alburnus Linnaeus, 1758; Prussian carp Carassius gibelio Bloch,
1782; ide Leuciscus idus Linnaeus, 1758; common dace L. leuciscus Linnaeus, 1758; and roach Rutilus rutilus Linnaeus, 1758.

Table 1

Fish species most commonly consumed according to the survey®.
Fish n %
Prussian carp 337 64.19
Pike 334 63.62
Dace 149 28.38
Perch 123 2343
Ide 98 18.67
Bream 81 1543
Roach 75 14.3
Zander 74 14.10
Burbot 56 10.67
Don't remember 40 7.62
Chinese sleeper 34 6.48
Tench 7 1.33
Ruff 7 133
Minnow 6 1.14
Gudgeon 5 0.95
Catfish 2 0.38

¢ Cyprinid fish are given in bold.
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Fig. 2. Data on the volumes of commercial fishing in the Tomsk region in 2004-2018 (according to the official data kindly provided by the Upper Ob River regional
office of the Federal Agency for Fishery).

3.2.1.1de

The ide was harvested in the Ob River in two districts of the Tomsk region, Shegarsky and Parabelsky. The ide is known to
migrate for long distances (over 500 km) to its spawning and feeding sites (KuliSkova et al., 2009; Petkevich, 1953; Winter
and Fredrich, 2003). This allowed us to pool the two available samples.

0. felineus metacercariae were counted in the muscles of ide individuals aged 2+ to 8+ with a body length (SL) of
15.2-34.5 cm (average, 27.9 cm) and body weight (W) of 72-1290 g (average, 519 g) (Fig. 3A). All ide individuals were of com-
mercial size, i.e., they are actively harvested with fishing gear and are in demand of population.

Metacercariae were observed in all examined individuals. The prevalence of infection in the ide was 100% and the mean inten-
sity of infection amounted to 52.6 metacercariae with a variation from 2 to 190 larvae per fish (Table 2).

The dependences of the intensity of infection on the body weight, body length, and age were compared. As is shown, the in-
tensity of infection varies considerably. We have observed the correlation between the intensity of infection and the body weight
(Pearson's coefficient r = 0.23, p < 0.05) (Fig. 3B). The correlation between the intensity of infection and the body length is sta-
tistically insignificant.

Comparison of the infection characteristics with age has shown that the individuals of younger ages have a lower intensity of
infection as compared with the adult fish (Fig. 3C).

The ide is among the dominant species in the harvests, with the share amounting to 13.2-26.9% of the total harvest. The av-
erage commercial ide harvest in 2004-2018 in the Tomsk region amounted to 241.9 tons (61.1 to 535.1 tons). A high rate of liver
fluke infection of the ide suggests that this fish species is a dominant intermediate host that maintains the opisthorchiasis focus in
the middle Ob River basin.

3.2.2. Common dace

The common dace from the Tom River in the vicinity of the city of Tomsk was most comprehensively examined for the infec-
tion with liver fluke metacercariae. This fish species forms local populations without migrating for long distances. Therefore, the
harvesting sites were taken into account when examining the common dace muscles for O. felineus metacercariae.

The harvested common dace individuals were aged 1+ to 6+ years (mean age, 2.6 years). The body length varied from 7.8 to
19.5 cm (mean, 12.9 cm) and weight ranged from 6.0 to 126.0 g (mean, 36.2 g) (Fig. 4A).

The mean prevalence of infection of the common dace in the Tom River over the observation period (2016-2018) was 91.1%,
and the intensity of infection considerably varied from 1 to 302 metacercariae with the mean of 13.8 metacercariae per fish
(Table 2).

The dependences of the intensity of infection on the sizes of fish and age were compared. Comparison of the common dace
infection versus age and gender revealed certain patterns. The correlation was observed between the intensity of infection and
the age of the common dace (Pearson's coefficient r = 0.22, p < 0.05), body length (r = 0.23, p < 0.05) and body weight
(r =024, p <0.05) (Fig. 4B). The intensity of infection of the common dace increased with age: from 6.6 at the age of 1+ to

6



AV. Simakova, N. Chitnis, I.B. Babkina et al. Food and Waterborne Parasitology 22 (2021) e00113

A B (o4
@ @ .
@ @
000- 1000 - ®
Age : @ ® o 2 200+
° 2 - 4 g .
o
o ® ® g
Ol ® &® o r
os %‘90 o oM oo 3
@ z z o 3 :
@ @ ) S
®: 4
500- 500- g 1007
* oS E
Gender o9 8‘ b
° Female & @ o@ &
o Male ‘% b )
@ .
o .+ Goo
o . d 0_
T T T : g 1 T v ¥ ¥ T T i T T T T
15 20 25 30 35 40 0 100 200 2 3 4 5 6 7 8

SL, cm Number of O. felineus, individuals

Fig. 3. Size, age, and infection characteristics of the ide in the middle Ob River basin (2016-2018). A: Size (SL, standard length; W, weight) and age characteristics.
B: Dependence of the intensity of infection on the body weight. C: Dependence of the intensity of infection of the ide on the age.

Table 2
Characteristics of the infection of cyprinid fish by O. felineus larvae (middle Ob River basin, 2016-2018).

Species Infection of fish Parasitic load
PI + mp;, I, individuals, Index of Examined Number Uninfected/infected, Total number of Number
% M + s. abundance, in total of tons metacercariae, 10° metacercariae,
e./(min-max) individuals infected individuals 10%/ton M = s.e.
Ide Leuciscus 100 50.5 + 5.3/(2-190) 5054528 75 75 0/483.1 65.78 136.16 & 16.94
idus
Common dace 91.1 + 1.3 13.7 £+ 1.2/(1-302) 125 + 1.17 463 422 13.6/139.5 52.38 342.11 £ 55.19
L. leuciscus
Common 24+£09 1 0.02 +£ 0.01 255 6 - - 1.29 4+ 0.54
bleak
Alburnus
alburnus
Bream 21+12 13 +03/(1-2) 0.03 £ 0.02 145 3 492.6/10.6 0.14 0.29 £+ 0.17
Abramis
brama
Roach Rutilus 1.8 £ 09 3.5 + 1.3/(1-7) 0.06 + 0.04 216 4 510.9/9.4 0.49 0.93 + 0.55
rutilus

234 at the age of 5+ and older (Fig. 4C). The individual variation of the intensity of infection in the common dace is very high
regardless of age.

The prevalence of infection on the average increased with age from 85.1% at the age of 1+ to 100% starting from 5+ years and
older (in males, from the age of 4+) (Fig. 4D).

Males and females do not exhibit statistically significant difference in the infection characteristics.

The commercial value of the common dace is several fold lower as compared with the ide, amounting on the average to 87.4
tons (32.7 to 145.1 tons) (Fig. 2). However, we have shown that the infection characteristics of this fish species are very high and
comparable to those of the ide. Both the prevalence and intensity of infection of the common dace increase with the fish age and
size, similar to the patterns observed in the ide. Therefore, the common dace is a dominant contributor to the maintenance of the
opisthorchiasis focus in the middle Ob River basin but to a lesser degree, since its commercial value and infection characteristics
are lower.

As for the other cyprinid fish species, both the prevalence and intensity of infection were rather low. Thus, it was impossible to
find out the correlations between the infection characteristics and the structural characteristics of fish populations.
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Fig. 4. Common dace infection in the middle Ob River basin (2016-2018). A: Size (SL, standard length; W, weight) and age characteristics. B: Dependence of the
intensity of infection on the body weight. C: Dependence of the intensity of infection on the age in the Tom River. D: Dependence of the prevalence of infection of
the age in the Tom River.

3.2.3. Common bleak

The examined common bleak individuals were harvested in different water bodies of the middle Ob River basin, namely, Ob,
Tom, and Basandaika rivers. The fish abundances in these rivers were approximately comparable, which allowed us to pool the
harvested individuals in one sample. The examined harvests contained the individuals aged 1+ to 4+ years (mean, 2.3 years)
with a body length of 8.7-15.5 cm (mean, 11.9) and weight of 10-35 g (mean, 18.6 g) (Fig. 5).

Six fish aged 2+ years were infected; the mean prevalence of infection was 2.4% and intensity accounted for only one meta-
cercaria per individual. (Fig. 5A).

3.2.4. Bream

The bream was harvested in the Ob River (Shegarsky district). The individuals in harvests were aged 1+ to 94 years (mean,
2.1) with prevalence of young fish. The body length was 7.1-34.5 cm (mean, 13.5 cm) and weight was 7.0-912.0 g (mean,
92.7 g). This is an alien species for the Siberian water bodies; it was artificially introduced to the Novosibirsk Reservoir from rivers
of the European Russia, rapidly acclimated, and spread over the entire Ob River basin. Currently, the bream is second in the list of
commercial fish species in the middle Ob River basin. The average bream harvest was 196.51 tons, varying from 52.3 to 425.1 tons
(Fig. 2).

Of the 145 bream individuals examined only 3 were infested; all of them were fish aged 3+ years (Fig. 5B).

3.2.5. Roach

The roach was sampled in different water bodies of the middle Ob River basin, namely, Ob, Chulym, and Tom rivers. The har-
vests contained the individuals aged 1+ to 5+ years (mean, 2.7 years) with a body length of 7.6 to 20.5 cm (mean, 12.8 cm) and
weight of 8 to 176 g (mean, 46.1 g) (Fig. 5C). Most individuals were of commercial size. The roach has a considerable commercial
value, following the bream and ide in the list of commercial species of the region. The average harvest of the roach was 309.04
tons (137.1 to 531.7 tons) (Fig. 2). Liver fluke larvae were found in four roach individuals; all of them were aged 3+ years.
The mean prevalence of infection was 1.8% and the mean intensity was 3.5 metacercariae per fish (one-seven).

3.2.6. Prussian carp

The Prussian carp was harvested in two lakes near Tomsk (Lakes Kerepet’ and Igumenskoe). The examined individuals aged
2+ to 7+ years had a length of 10.5-25.7 cm (mean, 16.3 cm), and weight of 34-624 g (mean, 140.4 g). All individuals were
of commercial size. The mean harvest of the Prussian carp was 139.94 tons (from 9.10 to 311.36 tons) (Fig. 2).

The muscles of all examined Prussian carp individuals were not infected with liver fluke larvae.
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Fig. 5. Size (SL, standard length; W, weight) and age characteristics of cyprinid fishes and the rate of their infection with O. felineus larvae in the middle Ob River
basin (2016-2018).

Thus, we have examined six cyprinid species (ide, bream, roach, common dace, Prussian carp, and common bleak) for the in-
fection with O. felineus metacercariae. Four of these species are aboriginal and two are alien (bream and common bleak). All spe-
cies except for the common bleak are of considerable commercial value in the middle Ob River basin. The ide, bream, and roach
are the main commercial cyprinid species. Their harvesting amounts to approximately half of the total fish harvest in the Tomsk
region. The Prussian carp and common dace play a smaller part.

4. Discussion

Most of the world literature on opisthorchiasis is devoted to human morbidity, and relatively few data are available on the
infection of cyprinid fish. In a recent survey, 70% of cyprinid fish from Thailand and 27% from Lao Peoples Democratic Republic
were found to be infected with O. viverrini (Biirli et al., 2018; Sithithaworn et al., 2012; Vonghachack et al., 2017). However,
the prevalence of C. sinensis infection in fish in Vietnam was quite low and attained 1.9-5.1% (Thu et al., 2007).

In the Russian Federation, O. felines infection occurs in populations that inhabit the shores of the Ob, Irtysh, Ural, Volga, Kama,
Don, Dnieper, North Dvina, and Biryusa rivers, with highest reported annual incidences in Western Siberia (Beer, 1997;
Onishhenko et al., 2009; “Russian Ministry of Health”, 2004; Zavojkin et al., 1991). The largest world focus of opisthorchiasis is
associated with the Ob-Irtysh basin because the environmental conditions support an active O. felineus lifecycle there. A vast
floodplain of the Ob-Irtysh basin, rich in lakes and meadows, and a developed network of first- and second-order tributaries con-
tributes to abundance of snails from the family Bithyniidae. Close coexistence and cohabitation of these snails and cyprinid fish in
the same habitats allow for the full liver fluke life cycle. The cyprinid fish are the leader group in the Ob-Irtysh basin in abun-
dance and species diversity. The ichthyofauna in the Ob River middle reaches comprises 43 species belonging to two classes,
nine orders, 12 families, and 30 genera. Ten species (23% of the total number of species) appeared via introduction, either planned
or random. The family Cyprinidae currently contains 9 native (ide, common dace, roach, Prussian carp, crucian carp, river minnow,
lake minnow, gudgeon, and tench) and 4 introduced (carp, bream, common bleak, and sunbleak) species (Joganzen and
Petkevich, 1951; Babkina et al., 2013). Of the 13 species, five are of commercial value (bream, Prussian carp, ide, dace, and
roach), while the remaining species are objects of amateur fishing (Romanov et al., 2017).

The liver fluke larvae were discovered for the first time in the muscles of fish inhabiting Siberian water bodies by N.N.
Plotnikov and LK. Zerchaninov in 1932 (Plotnikov and Zerchaninov, 1932). According to their data, the prevalence of infection
was 47.6% for the ide, 55.8% for the common dace, and 10% for the roach.

The studies into the fish infection with O. felineus metacercariae in the middle Ob River basin were commenced by S.D. Titova
in 1936 (publications of 1946-1965) (Titova, 1965, 1953) and continued by V.S. Myasoedov (1953-1960) (Myasoedov, 1960), and
T.A. Bocharova (1971-2005) (Bocharova, 2007, 1971). The liver fluke larvae were detected only in the ide, common dace, and
roach and were not observed in the muscles of the pike, sunbleak, common bleak, bream, gudgeon, lake minnow, Prussian
carp, perch, and zander (Bocharova, 2007). Our studies have expanded the host range by adding two species alien for this region
- the bream and common bleak. The bream is a species of commercial value and the common bleak is an important object of
amateur fishing. They also appeared to be infected with O. felineus metacercariae; however, both the prevalence and intensity
of infection were very low (Table 2) (Simakova et al., 2019).

Our study of the infection of commercial fish species with O. felineus metacercariae carried out in 2016-2018 showed that
Leuciscus species are most infected, with the ide heading the list. The prevalence of ide infection amounted to 100% with an in-
tensity of 50.5 metacercariae per fish. The common dace is the second in this list with the prevalence of infection of 91.1% and
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intensity of 13.7 metacercariae per fish. The ide and common dace still exhibit high infection characteristics, being the main car-
riers of O. felineus metacercariae. The prevalence of infection of the remaining examined fish species did not exceed 3% (Table 2).
The Prussian carp (Carassius gibelio) was free of the liver fluke.

The earlier studies on the prevalence of infection of the roach demonstrated a decrease in its infection from 15.0 to 8.5%
(Bocharova, 2007). Our study shows tendency to further decrease in the roach infection. Currently, the prevalence of roach infec-
tion is below 2% (Table 2).

Thus, the main commercial fish species in the middle Ob River basin are the source of infection of humans and carnivores with
the liver fluke.

The main source of infection in the Ob River is the ide, and in the Tom River, the common dace is the main source of infection.
The infection characteristics increase with the fish age, which was also noted by earlier studies. In particular, the prevalence of
infection in the common dace increased with age from 19.9% in under year hatchlings to 98.8% in the individuals aged 4+
years. This fact can be explained by the following factors:

- an increase in the area of infection with cercariae when fish grow in size and

- accumulation of metacercariae in fish muscles during fish life.

The number of metacercariae per unit of fish mass (ton) is greater in the common dace, which is 2.5 times more than in
the ide. However, the total number of metacercariae in 2016-2018 in the ide was higher as compared with the common
dace owing to its greater intensity of infection and large volumes of catch in the Tomsk region. The smallest number of
the larvae was recorded in the bream (Table 2). Thus, the ide and common dace provide a stable maintenance of the
opisthorchiasis focus.

According to the data provided by the Tomsk Center of Hygiene and Epidemiology, liver fluke eggs are regularly found in the
wastewater of urban settlements. In particular, three wastewater samples (assayed in 2015-2018) near Tomsk contained liver
fluke eggs. It is thus evident that the wastewater discarded into the Tom River near the city contains viable eggs of the helminths
and is not always properly cleaned from them. This contributes to an increase and spread of the infection within and in the vi-
cinity of the city, being one of the factors that determines high infection characteristics in the Tom River running through the
city. As has been earlier demonstrated, the infection of the common dace in several floodplain lakes in the vicinity of densely pop-
ulated settlements in the Vasyugan River lower reaches was maximal as compared with other water bodies and amounted to
100% (Bocharova, 2007).

The long-term data suggest an extremely adverse epizootological state of the water streams in the middle Ob River basin
with respect to opisthorchiasis. An indicator of this adverse factor is a high infection of the ide and common dace by liver
fluke metacercariae, since these species, on the one hand, are the main source of infection in all studied sites and, on the
other hand, are of high commercial value. The ide migrates for long distances and thus can considerably contribute to the
spread of this infection. The common dace contributes to maintenance of local opisthorchiasis foci in the settlements located
on river banks.

The specific features in the geographic position and hydrological regime of the rivers running in the Tomsk region (middle Ob River
basin) contribute to the wide spread of the O. felineus opisthorchiasis since they create the optimal conditions for the liver fluke inter-
mediate hosts —Codiella snails and cyprinid fish species, which play a major role in maintenance of the focus of liver fluke infection.

5. Conclusions

The Tomsk region (middle Ob River basin) situated in the largest opisthorchiasis focus has the highest rates of human infection
with this parasite. This is evidenced not only by high infection characteristics of the commercial and abundant cyprinid fish spe-
cies (ide and common dace), but also by several socioeconomic factors, namely, developed fishing, consumption of fish and fish
products by population ignoring cooking safety and disinfection practices, an increased number of amateur fishermen, uncon-
trolled export of fish and fish products from opisthorchiasis foci, and illegal fish vending. All these factors create the conditions
for stable maintenance of the O. felineus opisthorchiasis.

The prevalence of infection in some fish species is extremely high. This suggests that there is a strong transmission cycle with
a lot of infected humans and/or animal reservoir hosts that infect a lot of snails. This cause an urgent need for identifying these
reservoir hosts.

Most of the force of infection in humans is driven by the ide and common dace, since these species are highly infected
and are highly important commercially caught fish. Control measures should target these fish species and include either
campaigns suggesting appropriate cooking of fish or ensuring its deep freezing. This study is part of the planned integrated
interdisciplinary project on opisthorchiasis in the middle Ob River basin in the Tomsk region, which focuses not only on the
fish infection rate, but also on the infection rates of the intermediate host, Bithyniidae snails, and the definitive host, domes-
tic and wild animals.
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