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Abstract

German Journal of

Veterinary Research This study presents the first data on the prevalence, host range, geographic distribution, and

molecular characterization of digenean trematodes infecting the muscle tissue of commercially

assessment was conducted using compression microscopy, and species identity of metacercariae
was confirmed through molecular analysis with ITS1 and coxl markers. Metacercariae were
detected in 16 fish, resulting in an overall prevalence of 1.32%, with infection intensities ranging
oy S from 1 to 73 metacercariae per infected fish. Paracoenogonimus ovatus metacercariae were

. important freshwater fish in Kazakhstan. A total of 1,209 fish specimens, representing 29 species
ﬁ % from 19 water bodies across seven major fishery basins, were examined. Parasitological
R

|@ @ ' basins. Holostephanus dubinini metacercariae were detected in a single common rudd

identified in six fish species (prevalence 1.16%) from the Nura-Sarysu and Zhaiyk-Caspian

(Scardinius erythrophthalmus) from the Kigash River and a single ide (Leuciscus idus) from the
Nura River. P. ovatus and H. dubinini were identified to species level using ITS1 sequences and

Article History:

phylogenetic analysis. The cox1 data supported the ITS1-based identification of P. ovatus but did

Received: 04-Aug-2026 not independently confirm species identity. Additionally, one bream (Abramis brama) specimen
Accepted: 02-Oct-2026 from the Zhaiyk River yielded a mixed-template result: ITS1 identified P. ovatus, while the coxI
*Corresponding author: marker tentatively detected DNA from Diplostomum spathaceum. This finding is preliminary and
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requires independent verification. The study also reports the first GenBank submissions from
Kazakhstan of the ITS1 and coxl nucleotide sequences of P. ovatus, the ITS1 sequence of H.
dubinini, and a cox1 sequence tentatively attributed to D. spathaceum. The limited distribution

of P. ovatus, and particularly H. dubinini, suggests that local transmission depends on the
presence of suitable first intermediate gastropod hosts. The ecological requirements of these
hosts may restrict these trematodes to specific water bodies. The findings expand current
knowledge of the distribution of digenean trematodes in commercially important freshwater fish
of Kazakhstan, provide new insights into their molecular diversity, and provide a basis for further

epizootiological monitoring and assessment of potential parasitological risks.
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Introduction

Metacercariae of digenean trematodes that
parasitize the muscle tissue of freshwater fish
exhibit extensive distribution, complex life
cycles, and play significant ecological roles
within aquatic ecosystems. Species belonging to
the genera Paracoenogonimus, Holostephanus,
and Diplostomum utilize gastropod molluscs and
fish as intermediate hosts, while piscivorous
birds act as the primary definitive hosts, thus
sustaining parasite transmission in natural
environments. Due to their broad host range and
ecological adaptability, these parasites are
prevalent in freshwater ecosystems throughout
Europe and Asia, including populations of
commercially important fish species (Mata-
al., 2025; Kosyaev and
Ksenofontova, 2012; Goncharov and Soroka,
2015; Trofimentsev and Volosnikov, 2025;
Ratanarat-Brockelman, 1974; Haas et al., 2007).
Examination of their distribution, species
composition, and genetic diversity is crucial for
elucidating the dynamics of parasitic systems,
monitoring the health of aquatic ecosystems,
and evaluating the epizootic status of fishery
water bodies.

Marcano et

Among muscle-dwelling trematodes,
Paracoenogonimus of particular
interest because it is recognized as a potentially
zoonotic parasite and is included among
biological agents considered in fish product
safety assessments (EFSA, 2024; Komiya, 1938;
Ginetsinskaya and Koscheva, 1959). In contrast,
Holostephanus dubinini is a comparatively rare
member of the family Cyathocotylidae, for which
distribution and ecological characteristics
remain insufficiently documented.

ovatus is

In recent years, molecular methods have
become indispensable in  parasitological
research, enabling refinement of systematic
classifications, reconstruction of phylogenetic
relationships, and confirmation of species
identity through DNA sequence analysis. These
approaches have also improved the accuracy of
identifying larval trematode stages, for which
morphological features are often insufficient for
reliable species determination. However,
molecular data on fish trematode metacercariae
remain limited, and for many regions, including
Central Asia, such data are almost entirely
absent. Despite the considerable diversity of
freshwater ecosystems, information on the
distribution of P. ovatus and H. dubinini remains

fragmentary (Zhatkanbayeva et al., 2007;
Nurzhanova et al., 2025). Furthermore, no
molecular genetic studies have yet examined
trematode metacercariae parasitizing the muscle
tissue of commercially important fish in
Kazakhstan. This lack of molecular genetic data
significantly restricts understanding of these

parasites' genetic  diversity, phylogenetic
relationships, and geographic distribution
patterns.

This study aimed to investigate the

distribution of trematode metacercariae infecting
the muscle tissue of commercially important fish
from major fishery basins in Kazakhstan using
molecular methods for species identification. To
achieve this objective, phylogenetic relationships
of the detected trematodes were analyzed based
on sequences of the nuclear ribosomal internal
transcribed spacer 1 (ITS1) and the mitochondrial
coxl1 gene.

Ethics Statement

The study protocol was reviewed and approved by
the Bioethics Committee of the Kazakh Scientific
Research Veterinary Institute (approval date: 20
October 2023). Field investigations, including fish
collection, were conducted with authorization
from the Committee for Veterinary Control and
Supervision of the Ministry of Agriculture of the
Republic of Kazakhstan (Permit No. 17-03-
05/2120, issued on 13 August 2024). All
procedures were carried out in accordance with
the applicable national legislation of the Republic
of Kazakhstan and relevant guidelines on animal
welfare, veterinary practice, and bioethics.

Fish sampling

Ichthyoparasitological surveys were conducted in
2025 across seven major fishery basins of
Kazakhstan, encompassing 19 water bodies: the
Aral-Syrdarya basin (Small Aral Sea, Syrdarya
River, Shardara Reservoir), the Balkhash-Alakol
basin (Lakes Balkhash and Alakol, Ile River,
Kapchagay Reservoir), the Zhaiyk-Caspian basin
(middle and lower reaches of the Zhaiyk River,
Kigash River), the Esil basin (Esil River), the
Nura-Sarysu basin (Nura River), the Tobyl-Torgai
basin (Tobyl River), and the Ertis basin (K.
Satpaev Canal, Lake Zhaisan, the Buktyrma, Ust-
Kamenogorsk, and Shulba reservoirs, and the
Ertis River).

Experimental bottom-set gill nets, each 25 m
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in length with mesh sizes ranging from 20 to 80
mm, were used for fish sampling at all study
sites to capture various size classes. Depending
on the sampling area, one to three fleets of gill
nets were deployed. In the Kigash River, a fyke
net was also used to collect most fish species.

A total of 1,209 fish specimens, representing
29 species, were examined from 19 water bodies.
The sampled species included northern pike
(Esox lucius), common bream (Abramis brama),
roach (Rutilus rutilus), tench (Tinca tinca), zander
(Sander lucioperca), European perch (Perca
fluviatilis), vendace (ripus) (Coregonus albula),
Prussian carp (Carassius gibelio), common carp
(Cyprinus carpio), ide (Leuciscus idus), peled

(Coregonus peled), asp (Leuciscus aspius),
sabrefish (Pelecus cultratus), grass carp
(Ctenopharyngodon idella), silver carp

(Hypophthalmichthys molitrix), catfish (Silurus
glanis), northern snakehead (Channa argus),
Balkhash perch (Perca schrenkii), Caspian roach
(Rutilus caspicus), Volga pikeperch (Sander
volgensis), zope (Ballerus ballerus), white-eye
bream  (Ballerus sapa), common  nase
(Chondrostoma nasus), white bream (Blicca
bjoerkna), vimba bream (Vimba vimba), rudd
(Scardinius erythrophthalmus), Danube bleak

(Chalcalburnus chalcoides), chub (Squalius
cephalus), and burbot (Lota lota).
Parasitological Examination and

Morphological Identification

Parasitological examinations were conducted
using techniques (Bykhovskaya-
Pavlovskaya, 1969). Parasites in muscle tissue
were detected using parallel incision and
compression methods (Bykhovskaya-
Pavlovskaya, 1985; Waikagul and Thaenkham,
2010; Committee, 2015; Niewiadomska, 2010).
Species identification was performed based
on morphological characteristics assessed with
standard taxonomic keys (Bykhovskaya-
Pavlovskaya, 1985; Niewiadomska, 2010). The
same protocol was applied to all specimens,
including systematic examination of muscle
tissue (Ostrowska et al., 2019). Examinations
were conducted using KRUSS MSZ 5000-IL-TL,
Osbarton, iScope
stereomicroscopes. analysis,
infected muscle tissue fragments containing
metacercariae were excised and preserved in
96% ethanol. Prevalence was calculated as the
proportion of infected fish among
examined, with exact 95% confidence intervals

standard

and Euromex

For molecular

those

estimated using the Clopper-Pearson binomial
method.

DNA extraction

Total genomic DNA was extracted from ethanol-
preserved, infected muscle tissue fragments
using a modified CTAB protocol, with one
extraction per infected fish. Samples were
processed individually, without  pooling.
Approximately 50-100 pg of tissue was
homogenized with a mortar and pestle in 700 uL
of pre-warmed (55-60 °C) CTAB extraction buffer
(2% CTAB, 100 mM Tris-HCI, 25 mM EDTA, 2 M
NaCl, 2% PVP-40; pH 5.0) supplemented with 1%
(v/v) B-mercaptoethanol. The homogenate was
transferred to a microcentrifuge tube, 10 uL
Proteinase K (20 mg/mlL) was added, and the
mixture was incubated at 56 °C for 30 min with
agitation at 500 rpm. RNase A (ThermoFisher)
was added 10 min before the end of incubation.
After cooling to room temperature, the lysate was
extracted with 250 uL chloroform, vortexed for 1
min, and centrifuged at 14,000 rpm for 10 min at
10 °C. The upper aqueous phase was recovered,
avoiding the interphase, and genomic DNA was
precipitated with 0.7 volumes of isopropanol in
the presence of 1 uL of glycogen for 30 min at
room temperature, then centrifuged at 15,000
rpm for 30 min at 4 °C. The pellet was washed
with 1 mL of 70% ethanol, air-dried at room
temperature (< 5-7 min), and resuspended in 50
uL of nuclease-free water at 50 °C for 30 min with
occasional gentle tapping. Vortexing was avoided
to preserve the integrity of high-molecular-weight
DNA. A negative control for DNA extraction (a
reagent blank without tissue) was processed in
parallel with the samples.

PCR Amplification and Primer Design

For coxl, a nested primer set was developed in
this study. The external primers (Diplo-trem-
Cox1-74-F1 and Diplo-trem-Cox1-946-R1) were
newly designed, while the internal primers (Diplo-
trem-Cox1-112-nF2 and Diplo-trem-Cox1-614-
nR2) were modified from the diplostomid-specific
primers Plat-diploCOX1F /Plat-diploCOX1R of
Moszczynska et al. (2009) by adding degenerate
positions. For ITSI,
selected from ribosomal regions previously used
for amplification in digenean trematodes. Diplo-
trem-ITS1-1-F1 corresponded to BD1, whereas
Diplo-trem-ITS1-874-R1 and Diplo-trem-ITS1-
818-nR2 were modified from BD4 and BD3,
respectively (Bowles and McManus, 1993).

primer sequences were
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Degenerate positions were introduced to
broaden primer coverage across diplostomoid
and cyathocotylid taxa. Primer specificity was
confirmed empirically: the nested reactions
yielded single products of the expected size, and
direct sequencing followed by BLAST analysis
assigned all amplicons to diplostomoid or
cyathocotylid trematodes (or to Diplostomum in
the single mixed-template sample), with no
amplification in the no-template or extraction
controls. Table 1 lists all primers.

The first round utilized outer primers with an
annealing temperature of 55 °C, followed by a
second round of nested amplification using
internal primers. For ITS1, the forward primer
Diplo-trem-ITS1-1-F1 was employed in both
rounds, resulting in a hemi-nested PCR protocol.
Amplifications were conducted in a 20 uL
reaction containing 3 pL of template DNA (84.0 +
5.7 ug/mlL), 1 uL each of the forward and reverse
primers (10 uM), 0.36 pL of dNTPs (10 mM), 2 uL
of 10x Taq buffer (Thermo Fisher Scientific), 0.1
uL of Hot Start Taq DNA polymerase (New
England Biolabs; 5 U/ulL), and 12.54 uL of
nuclease-free water. For the nested round, 2 uL
of the first-round product was used as template.
The thermal profile consisted of initial
denaturation at 95 °C for 5 min; 40 cycles of 94
°C for 30 s, 55 °C for 30 s, and 72 °C for 1 min;
and a final extension at 72 °C for 5 min. Negative
controls for DNA extraction and PCR (both first-
round and nested reactions) were included in
parallel, with no amplification observed in any
control. PCR products (10 puL) were resolved by
electrophoresis on 1.5% agarose gels stained
with ethidium bromide (0.25 pg/mlL) and
visualized under UV light using a GelDoc XR+
system (Bio-Rad).

Sequencing and Phylogenetic Analysis

PCR products of the expected sizes were purified
using the QIAquick Gel Extraction Kit (Qiagen),
directly sequenced with the BigDye Terminator
v3.1 Cycle Sequencing Kit (Applied Biosystems),
and analyzed on a 24-capillary ABI 3500xl
Genetic Analyzer (Applied Biosystems).

The Basic Local Alignment Search Tool
(BLAST) program (version 2.16.0) was used to
compare the resulting nucleotide sequences with
those deposited in the NCBI GenBank database
(accessed on 01 June 2026) and to calculate the
statistical significance of matches. Multiple
sequence alignments were generated separately
for the ITS1 and cox1 datasets using MUSCLE.

Phylogenetic relationships were inferred using
the maximum-likelihood method implemented in
MEGA X version 10.1.8.

Only overlapping regions of the aligned
sequences were retained; regions were manually
trimmed, and poorly aligned positions were
removed to ensure inclusion of reliably
homologous positions in the phylogenetic
analysis. After trimming, the final cox1 alighment
contained  approximately 437  nucleotide
positions. Due to substantial variation in ITS1
length among taxa, a fully uniform alignment was
not feasible. The alignment was therefore
inspected manually, with poorly aligned terminal
regions and non-homologous positions removed.
Redundant sequences from the same species
were reduced to prevent over-representation of
any single taxon, while representative sequences
were retained. The final ITS1 dataset included 22
taxa and 866 nucleotide positions.

Comparative sequences from GenBank were
selected based on their availability for the target
species and closely related taxa. Preference was
given to sequences from specimens whose
taxonomic identity established
morphologically in the corresponding published
studies cited in the manuscript. Database entries
of uncertain taxonomic status (e.g., unidentified
Cyathocotylidae) included for
comparison and were not used as anchors for
species identification. Reference sequences were
selected based on availability and the reliability of
the associated taxonomic identification.

was

were only

The ITS1 dataset was analyzed under the
Kimura 2-parameter model with a proportion of
invariant sites (K2+I), while the cox1 dataset was
analyzed under the Tamura-Nei model with a
proportion of invariant @ sites  (TN93+I).
Substitution models were selected using the
Bayesian information criterion implemented in
MEGA X. Node support was evaluated using
1,000 Dbootstrap replicates. The sequences
reported in this study are available in the
GenBank database under the accession numbers

[PZ686482, PZ686483, PZ686484, PZ686485,
PZ686486, PZ686487, PZ686488, PZ686489,
PZ686490, PZ686491, PZ686492, PZ686493,
PZ686494, PZ686495, PZ686496, PZ686497,
PZ711993, PZ711994, PZ711995, PZ711996,
PZ711997].

Map Preparation and GIS Processing.

The base map layer was generated using ArcGIS
Pro (licensed software, version 3.5.0, Esri,
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Redlands, CA, USA). The topographic map is
based on built-in basemaps, and the country
boundary shapefile obtained from
OpenStreetMap Geofabrik

was
via

(https://download.geofabrik.de/asia/kazakhsta

n.html).1).

Open-source QGIS (https://qgis.org/) was used
for preliminary data processing and verification.

Table 1: Primers used for nested PCR amplification of the coxl and ITS1 loci of P. ovatus.

Locus Primer Role Sequence (5'—3) Source
cox1 Diplo-trem-Cox1-74-F1 g?;:} d GAGGKGGTTTTATGGGTTTRTC This study
cox]  Diplo-trem-Cox1-946-R1 ?e‘iierie CCTTWATACCWGTWGGWATWCC This study
Moszczynska et
cox]  Diplo-tremCoxl-112-nF2 NSt CGTTTRAATTAYACRGASCCTTA al. (2009),
forward modified from
Plat-diploCOX1F
Moszczynska et
cox]  Diplo-trem-Cox1-614-nR2 Nested AGCATAGTAATMGCMGCWGC al. (2009),
reverse modified from
Plat-diploCOX1R
Bowles and
Outer / McManus,
ITS1I Diplo-trem-ITS1-1-F1 nested GTCGTAACAAGGTTTCCGTA (1993),
forward corresponding to
BD1
Bowles and
ITSI  Diplo-trem-ITS1-874-R1 Outer TTATAAGCCGACCCTCGGC McManus,
reverse (1993), modified
from BD4
Bowles and
ITS1  Diplo-trem-ITS1-818-nR2 Nested CGTTCAAGATGTCGATGTTC McManus,
reverse (1993), modified
from BD3
Results detected, specifically in one S. erythrophthalmus

Overall parasite infection

Metacercariae of digenean trematodes were
detected in 16 of the 1,209 fish examined,
resulting in an overall prevalence of 1.32% (95%
CI0.76-2.14%). Infection intensities ranged from
1 to 73 metacercariae per infected fish. These
parasites were identified in two fishery basins in
Kazakhstan: the Nura-Sarysu and Zhaiyk—
Caspian basins (Table 2).

P. ovatus was the most widespread digenetic
trematode species identified, with metacercariae
detected in 14 of the 1,209 fish examined
(1.16%, 95% CI 0.63-1.94%). Infection intensity
ranged from 1 to 73 specimens. P. ovatus had a
host range of six commercial fish species: A.
brama, P. cultratus, S. erythrophthalmus, R.
caspicus, T. tinca, and L. idus. The greatest
diversity of host species was found in the
Zhaiyk-Caspian basin, where P. ovatus was
detected in five fish species.
examined few fish per host-locality combination,
interpret host-specific prevalence estimates with
caution (Table 2).

Because we

Metacercariae of H. dubinini were also

from the Kigash River (Atyrau Oblast) and one L.
idus from the Nura River (Akmola Oblast).

In a muscle-tissue sample from one A. brama
collected from the Zhaiyk River (Atyrau Oblast),
ITS1 analysis identified P. ovatus, while the cox1
marker also detected DNA of D. spathaceum. This
mixed-template suggests  the
occurrence of metacercariae from two trematode
species within the same tissue fragment. The
detection of D. spathaceum is considered
preliminary and requires further confirmation.

result co-

Molecular Identification of Metacercariae

Sixteen muscle-tissue each
representing infected fish,
underwent molecular analysis. Nuclear ITS1
region sequences were successfully obtained from
all samples. Partial mitochondrial cox1 sequences
were also generated. BLAST analysis of the ITS1
sequences identified fourteen specimens as P.
ovatus and two as H. dubinini. The P. ovatus
sequences exhibited at least 99% pairwise
identity among themselves and 99.56-100%
identity with the German reference sequences

PV482972 and PV482973. These P. ovatus—

samples,

an individual
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positive samples originated from six freshwater
fish species (L. idus, A. brama, P. cultratus, T.
tinca, S. erythrophthalmus, and R. caspicus)
collected from the Zhaiyk and Kigash rivers in
Atyrau Oblast and the Nura River in Akmola
Oblast. The two ITS1 sequences assigned to H.
dubinini were derived from S. erythrophthalmus
collected in the Kigash River, Atyrau Oblast, and
from L. idus collected in the Nura River, Akmola
Oblast. These sequences demonstrated 99.86%
and 99.71% identity, respectively, to the Italian
reference sequence MT668940 (Figure 2).
Further details regarding host species and
sampling localities are provided in Table 3.

All five coxl sequences were generated from
samples previously assigned to P. ovatus based
on ITS1 analysis (Table 3). Four isolates (YOO11,
Y0012, Y0014, and Y0020) showed their closest
BLAST matches to sequences
Cyathocotylidae sp., with nucleotide identities
ranging from 98.16% to 99.63%. Maximum-
likelihood analysis placed these four sequences
within the broader cyathocotylid lineage, which
includes the morphologically validated P. ovatus
cox] references PP092971 and PP092972
(Figure. 2). Therefore, the coxl data supported
the ITS1-based ovatus,
although they did not independently resolve the
specimens to the species level. The fifth
sequence, from the mixed sample Y0010, did not
cluster with cyathocotylids but exhibited 99.03%
identity to D. spathaceum (MZ323276). This
discordant, mixed-template result is discussed

identified as

identification as P.

separately below.

Collectively, these results confirmed the
identificIn summary, these results confirmed the
identification of P. ovatus and H. dubinini based
on ITS1 sequences and phylogenetic analysis.
The coxl data were consistent with the ITS1-
based identification of P. ovatus but did not
independently confirm species-level identity.
Additionally, D. spathaceum DNA was detected in
one mixed-template sample.

Discussion

The presence of P. ovatus in commercial
freshwater fishes in Kazakhstan has been
confirmed, with metacercariae detected in six fish
species from the Nura-Sarysu and Zhaiyk-
Caspian basins. While the overall prevalence
across the total sample was low, certain host—
locality combinations, particularly 7. tinca, S.
erythrophthalmus, and A. brama, exhibited
substantially higher prevalence and infection
intensities. Detection of the parasite in multiple
phylogenetically and ecologically distinct hosts
aligns with the broad second-intermediate-host
range previously reported for this trematode,
which includes roach, bream, tench, and other
freshwater fishes. Recent integrative studies
indicate that muscle metacercariae previously
attributed to various cyathocotylid taxa may
actually belong to P. ovatus (Goncharov and
Soroka, 2015; Ostrowska et al., 2019; Sokolov et
al., 2024; Mata-Marcano et al., 2025).

Table 2: Occurrence of Paracoenogonimus ovatus and Holostephanus dubinini metacercariae in freshwater fish

from Kazakhstan.

Basin Water Fish species Parasite Examined, Infected, Prevalence, % Intensity of
body species n n (95% CI) infection, spc.
Zhaiyk— Zhaiyk A. brama P. ovatus 5 1 20 (0.5-71.6) 4
. River
Caspian
Zhaiyk P. cultratus P. ovatus 5 2 40 (5.3-85.3) 4-5
River
Kigash S. P. ovatus 3
River erythrophthalmus ’ 5 60 (14.7-94.7) 6-73
Kigash .
River R. caspicus P. ovatus 5 1 20 (0.5-71.6) 1
Kigash .
River T. tinca P. ovatus 5 2 40 (5.3-85.3) 17-23
Kigash
River A brama P- ovatus 5 3 60 (14.7-94.7) 9-44
Kigash S. L
River erythrophthalmus H. dubinini 5 1 20 (0.5-71.6) 1
Nura— Nura River L. idus P. ovatus 5 2 40 (5.3-85.3) 1-2
Sarysu Nura River L. idus H. dubinini 1
) ) 5 20 (0.5-71.6) 1

Table 3: Muscle-tissue samples characterised molecularly in this study.
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ITS1-gene

coxl-gene

% of identity with the

% of identity with the

GenBank ID Accession Host fish species Locality . closest species (GenBank
no. closest species ID, country of detection)
(GenBank ID, country ’ ry
of detection)
KZ03-24022026- PZ686482 Nura River, 99.72% with P. ovatus
Y0008 L. idus Akmola Obl. (PV482973, Germany) -
KZ06-24022026- , Nura River, 99.56% with P. ovatus
Y0009 PZ686483 L. idus Akmola Obl.  (PV482973, Germany) -
KZ03-24022026- . Nura River, 99.71% with H. dubinini
Y0024 PZ686497 L. idus Akmola Obl.  (MT668940, Italy) -
KZ06-24022026- PZ686484, A. brama g;ae?/k 99.88% with P. ovatus 99.03% with D. spathaceum
Y0010 PZ711993 ’ (PV482972, Germany) (MZ323276, Ukraine)
Atyrau Obl.
Zhaiyk o) o o) s
KZ06-24022026- PZ686485, P. cultratus River 100% with P. ovatus 98.16% with
Y0011 PZ711994 Atyrayu Obl (PV482972, Germany) Cyathocotylidae sp.
) (PX552747, Lithuania)
Zhaiyk . .
KZ06-24022026- PZ686486, P. cultratus River 99.86% with P. ovatus 98.71% with
Y0012 PZ711995 At ra(u Obl (PV482972, Germany) Cyathocotylidae sp.
y : (PX552749, Lithuania)
KZ06-24022026-  PZ686487 T. tinca E‘%Z‘fh 99.86% with P. ovatus
Y0013 Atyrau Obl. (PV482972, Germany) -
. Kigash . .
KZ06-24022026- PZ686488, T. tinca River 100% with P. ovatus 99.63% with
Y0014 PZ711996 At ra(u Obl (PV482972, Germany) Cyathocotylidae sp.
y : (PX552749, Lithuania)
KZ06-24022026-  PZ686489 o 4. oo E‘g,grsh 99.86% with H. dubinini i
Y0016 - erythrop ’ (MT668940, Italy)
Atyrau Obl.
KZ06-24022026- Kigash 99.70% with P. ovatus -
PZ686490 S. erythrophthalmus River, ; )
Y0017 Atyrau Obl. (PV482973, Germany)
KZ06-24022026- PZ686491 Kigash 99.86% with P. ovatus -
Y0018 S. erythrophthalmus  River, (PV482972, Germany)
Atyrau Obl.
KZ06-24022026- PZ686492 S. erythrophthalmus  Kigash 99.85% with P. ovatus
Y0019 River, (PV482972, Germany) -
Atyrau Obl.
Kigash 99.88% with P. ovatus 98.41% with
%826624022026_ F;,ZZ§78161‘;9937’ A. brama River, (PV482972, Germany) Cyathocotylidae sp.
Atyrau Obl. (PX552754, Lithuania)
KZ06-24022026- PZ686494 A. brama Kigash 99.88% with P. ovatus
Y0021 River, (PV482972, Germany) -
Atyrau Obl.
KZ06-24022026- PZ686495 A. brama Kigash 99.87% with P. ovatus
Y0022 River, (PV482972, Germany) -
Atyrau Obl.
. Kigash 99.86% with P. ovatus
%826:—324022026— PZ686496 R. caspicus River, (PV482972, Germany) -
Atyrau Obl.
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KZ06-24022026-Y0013-ITS1 (PZ686487)
KZ06-24022026-Y0023-ITS1 (PZ686496)
KZ06-24022026-Y0021-ITS1 (PZ686494)
KZ06-24022026-Y0018-ITS1 (PZ686491)
KZ06-24022026-Y0020-TS1 (PZ686493)
KZ06-24022026-Y0019-TS1 (PZ686492)
KZ06-24022026-Y0010-2-ITS1 (PZ686484)
KZ06-24022026-Y0012-ITS1 (PZ686486)
KZ06-24022026-Y0022-ITS1 (PZ686495)
@ KZ06-24022026-Y0017-TS1 (PZ686490)
g Paracoenogonimus ovatus ITS (PV482973 Germany 2022)
100 1+ @ KZ03-24022026-Y0008-TS1 (PZ686482)
@ KZ06-24022026-Y0009-TS1 (PZ686483)
@ KZ06-24022026-Y0011-TS1 (PZ686485)

; Paracoenogonimus ovatus ITS (PV482972 Germany 2022)
@ K7Z06-24022026-Y0014-ITS1 (PZ686488)
Holostephanus sp. ITS (OR042774 Russia 2022)

Cyathocotyle prussica ITS (MH521249 Germany 2010)
Holostephanus dubinini ITS (PX802707 Tanzania 2011)
@ KZ03-24022026-Y0024-TS1 (PZ686497)
Holostephanus dubinini ITS (MT668940 Italy 2013)
@ KZ06-24022026-Y0016-TS1 (PZ686489)
Diplostomum sp. ITS (KP025788 Spain 2012)

97

(=2

98

Figure 1: Maximum-likelihood tree based on ITS1 sequences of P. ovatus and H. dubinini, with Diplostomum
sp. as the outgroup. Sequences generated in the present study are indicated by black circles. Bootstrap support
(>60%) is shown at the nodes; the scale bar represents 0.05 substitutions per site.

Cyathocotylidae sp. COX1 (PX552747 Lithuania 2024)

@ KZ06-24022026-Y0012-COX1 (PZ711995)

! @ KZ06-24022026-Y0011-COX1 (PZ711994)
Cyathocotylidae sp. COX1 (PX552749 Lithuania 2024)

& @ KZ06-24022026-Y0014-COX1 (PZ711996)

Cyathocotylidae sp. COX1 (PX552754 Lithuania 2023)
@ KZ06-24022026-Y0020-COX1 (PZ711997)
—— Cyathocotyle prussica COX1 (NC039780 Germany 2010)
| 94 |: Paracoenogonimus ovatus COX1 (PP092972 Russig 2024)
100 Paracoenogonimus ovatus COX1 (PP092971 Russia 2024)
Diplostomum petromyzifluviatilis COX1 (PX973522 Russia 2023)
@® KZ06-24022026-Y0010-1-COX1 (PZ711993)
100 L[(Diplostomum spathaceum COX1 (MZ323276 Ukraine)

99

99

sg | Diplostomum spathaceum COX1 (PX444908 Russia 2011)
64 ' Diplostomum spathaceum COX1 (MW652702 Germany 2018)
Metagonimus yokogawai COX1 (KJ631740 Japan)

m—
0.05

Figure 2: Maximum-likelihood tree based on partial coxl sequences generated in this study and related
GenBank sequences, with Metagonimus yokogawai as the outgroup. Sequences generated in the present study
are indicated by black circles. Bootstrap support is shown at the nodes; the scale bar represents 0.05
substitutions per site.
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The pronounced spatial and host-related
heterogeneity observed likely reflects focal
transmission rather than uniformly high

infection pressure throughout the studied
basins. However, prevalence values derived from
small host samples should be interpreted with
caution, as high local prevalence may result
from limited sampling. Notably, infection
intensity exhibited greater variability than
prevalence, reaching up to 73 metacercariae per
fish in S. erythrophthalmus and 44 in A. brama.
Because the food-safety and pathological
significance of muscle metacercariae depends on
larval burden per fish rather than prevalence
alone, these locally high intensities are a more
relevant indicator of potential zoonotic risk and
possible effects on host condition. Consequently,
individuals with heavy infections should receive
particular attention in monitoring programs.
Molecular data provides essential support for
the morphological
metacercariae. Identification of diplostomoid,
and particularly cyathocotylid, larval stages
based solely on morphology is often challenging
because metacercariae possess fewer
taxonomically informative features than adults,
and multiple morphologically similar taxa may
inhabit the same fish tissues. As a result,
molecular approaches are now indispensable for
linking larval and adult stages, verifying
traditional = taxonomic assignments, and
detecting misidentified database records. Recent
phylogenetic studies have substantially revised
relationships  within  Diplostomoidea and
highlight  the of integrating
morphological information with molecular data
from taxonomically validated reference material
for reliable identification (Achatz et al., 2019;
Sokolov et al., 2024; Achatz and Tkach, 2025).
For P. ovatus, ITS1 sequence similarity and
phylogenetic placement provided the strongest
molecular evidence, assigning 14 of the 16
analyzed samples to this species. The
Kazakhstani sequences closely matched the
German P. ovatus references PV482972 and
PV482973, forming a shared lineage. The
taxonomic interpretation of these European
sequences is supported by integrative studies
that link larval material to morphologically
identified adults. Sokolov et al. demonstrated
that adult P. ovatus from fish-eating birds were
conspecific, based on ribosomal data, with
metacercariae from fish in Hungary and Italy.

identification of

necessity

Mata-Marcano et al. combined morphological and
molecular analyses of metacercariae from T. tinca
musculature in Germany, confirming their
assignment to P. ovatus (Sokolov et al., 2024;
Mata-Marcano et al., 2025). The high similarity
among the Kazakhstani sequences suggests
limited variation within the analyzed ITS1
fragment, despite their derivation from six fish
hosts and geographically distinct localities.
However, this should not be
interpreted as evidence of uniformly low genetic
diversity across the species' entire range.
Molecular representation of P. ovatus remains
limited, and the same European studies report
measurable divergence among isolates,
highlighting the need for broader geographic and
host sampling to determine whether such
variation falls within normal intraspecific limits.
The newly generated sequences are therefore
valuable not only for species detection but also
for extending the molecular representation of P.
ovatus into Central Asia.

observation

Two ITS1 sequences were assigned to H.
dubinini. The closest reference, MT668940, was
derived from a cyathocotylid metacercaria
collected from S. erythrophthalmus in Lake
Maggiore, Italy. Cech et al. demonstrated that
this sequence is identical to the previously
deposited H. dubinini sequence AY245707,
providing an independently validated reference
for molecular identification (Cech et al., 2021;
Néareaho et al., 2017). The 99.86% and 99.71%
similarities of the two Kazakhstani sequences to
MT668940, along with their placement within the
H. dubinini lineage, support their identification.
Nevertheless, the limited number of
taxonomically validated cyathocotylid sequences
currently available necessitates continued
caution when assigning species based on a single
ribosomal locus.

Interpretation of the mitochondrial coxlI
results requires caution. Cox1 is widely used as a
DNA barcode in digeneans due to its relatively
rapid evolutionary rate, which can resolve closely
related taxa. However, its diagnostic utility
depends on the availability of accurately
identified and  sufficiently = representative
reference sequences, a limitation that is
particularly pronounced for Cyathocotylidae,
which remain sparsely sampled (Moszczynska et
al., 2009; Achatz et al., 2019; Achatz and Tkach,
2025). Species-level coxI references for P. ovatus
are already available, as Sokolov et al. generated
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cox] sequences from morphologically identified
adults; therefore, the present sequences should
not be considered the first coxl references for
this species (Sokolov et al., 2024). In this
dataset, the four coxI sequences from specimens
assigned to P. ovatus by ITS1 analysis returned
their closest BLAST matches to sequences
deposited as unidentified Cyathocotylidae
(98.16-99.63% identity) and, in maximum-
likelihood phylogeny, clustered with these
unidentified sequences within the broader
cyathocotylid lineage containing validated P.
ovatus references. The coxl data are therefore
consistent with the ITS1-based identification but
do not currently provide independent species-
level confirmation. This discordance does not
reflect conflicting biological identities but rather
the uneven taxonomic representation in public
databases, where some cyathocotylid entries are
incompletely identified or likely misidentified
(Cech et al., 2021; Sokolov et al., 2024).
Therefore, species assignment should not rely
solely on the closest BLAST match; phylogenetic
position, marker concordance, and taxonomic
validation of reference sequences must be
considered collectively. pairwise
comparison of the Kazakhstani cox! sequences
with morphologically validated P. ovatus
references, along with additional coxI data from
independently identified adults
metacercariae, will be necessary to delineate the
range of intraspecific mitochondrial variation.

Direct

and

An additional finding was observed in sample
KZ06-24022026-Y0010, where the ITS1
sequence was assigned to P. ovatus, while the
cox] amplicon exhibited 99.03% identity to D.

spathaceum and clustered with reference
sequences of that species. Coxl has been
successfully applied to Diplostomum
identification; for example, Lebedeva et al.

characterized D. spathaceum metacercariae from
the eye lenses of A. brama, confirming both the
utility of partial coxI sequences and the role of
bream as a second intermediate host (Lebedeva
et al., 2024). The assignment of the YOO10 coxI
amplicon to D. spathaceum is therefore plausible
at the sequence level. However, the discordance
between ITS1 and cox! results precludes
unequivocal identification of the analyzed
specimen and is better interpreted as a mixed-
template outcome. Because DNA was extracted
from a fragment of muscle tissue rather than a
single isolated metacercaria, the most likely

explanation is the presence of metacercariae from
two trematode species within the same fragment.
Mixed trematode infections in individual fish are
biologically common and have been
demonstrated using molecular methods (Nareaho
et al., 2017). Laboratory carry-over is an unlikely
explanation, as no-template PCR controls and
extraction controls were negative. Nonetheless,
the recovery of two marker signatures from a
single extract does not conclusively demonstrate
the presence of two intact parasites. The D.
spathaceum record should therefore remain
tentative until confirmed by independent
extraction or in individually isolated specimens.
More broadly, this case demonstrates that
unexpected products generated by broad-range
degenerate primers must be interpreted
conservatively, particularly under nested PCR
and when loci yield discordant results. Where
possible, future should process
metacercariae individually, retain voucher or
photomicrographic material, and independently
repeat analyses  of marker
combinations (Moszczynska et al., 2009; Cech et
al., 2021; Mata-Marcano et al., 2025).

surveys

discordant

Conclusion

The molecular data provide the first records of P.
ovatus and H. dubinini for Kazakhstan and, more
broadly, for Central Asia. Species-level
identification of P. ovatus is supported by
concordance among morphological features, high
ITS1 similarity, and phylogenetic placement
relative to independently characterized European
material, while the coxI sequences are supportive
but not independently confirmatory, as
previously discussed. For H. dubinini, high ITS1
similarity to MT668940 and clustering with
established references support the identification.
In contrast, the coxl signature assigned to D.
spathaceum, obtained from an extract that also
yielded P. ovatus ITS1, should be considered a
tentative detection rather than a confirmed
record. Given that P. ovatus is recognized as a
potentially zoonotic parasite of commercially
important fish, these findings establish a
molecular baseline for epizootiological monitoring
and food-safety assessment of freshwater
fisheries in Kazakhstan (Achatz et al., 2019;
Sokolov et al., 2024; Achatz and Tkach, 2025).
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