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Abstract

In our study, fancy southern platyfish Xiphophorus maculatus (Cyprinodontiformes, Poeciliidac) were examined due to
breathing disorders and mortality. Fish came from Vietnam farm and were redistributed by international wholesaler. In
fish, loss of appetite and gasping near the water surface was observed. Gill tissue showed small white spots, caused by
metacercariae and areas of clearing surrounding the cysts. Primary branchial filaments were hyperplastic, necrotic, signifi-
cantly deformed and shortened. Samples were fixed in 98% alcohol for molecular analyses. The identity of C. formosanus
(Opisthorchiida: Heterophyidae) was confirmed by molecular methods (GenBank accession number OP808358). In this
study, we present the first report of C. formosanus in Central Europe. Uncontrolled transport of fish can lead to health and
economic concerns, including the transmission of zoonotic pathogens to non-native ecosystems.
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Introduction

Asian countries (as Singapore, Indonesia, Thailand, Sri
Lanka, Japan, Vietnam and China) are one of the most
important exporters of ornamental fish to European Union
(The Ornamental Aquatic Trade Association, EU Ornamen-
tal Fish Import & Export Statistics 2016). There is a big
potential risk of worldwide pathogen transmission through
live aquatic animals, which are not adequately controlled in
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quarantine facilities (Scholz and Salgado-Maldonado, 2000;
Evans and Lester, 2001; Bassleer, 2009).

The parasitic Platyhelminthes Centrocestus formosa-
nus (Nishigori, 1924) (Opisthorchiida: Heterophyidae) is a
digenean trematode that requires three host species to com-
plete its life cycle (Chen, 1942). The first intermediate hosts
are aquatic mollusks (Thiaridae), the second intermediate
hosts are fish, frogs (genus Rana) and definitive hosts can be
mainly piscivorous birds (as Nycticoras or Butorides were
reported, almost any fish eating bird should be considered
as a possible host) or mammals (rats, cats, foxes and dogs),
including humans (Mitchell and Goodwin, 2004; Chai et al.
2009; Chai et al. 2013). Human infections were recorded in
Lao People’s Democratic Republic (Chai et al. 2013) and
Vietnam (De and Le, 2011). In other cases originating from
Japan, China, or Taiwan, just a probable infection caused by
C. formosanus was recorded, without a more precise deter-
mination of the parasite (Chai et al. 2013).

Centrocestus formosanus is considered a generalist
parasitic species with low intraspecific variability among
different hosts (Scholz and Salgado-Maldonado, 2000).
Aquarium fish species from various families have already
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Table 1 Occurence of trematode Centrocestus formosanus in egg lying ornamental fish

Order Species Country References
Cypriniformes Cyprinus carpio var. koi Mexico, Thailand [1,2]
Carassius spp. Mexico [1]
Carassius auratus Iran, Thailand, Turkey [2,3,4,5,6]
Danio rerio Italy, Mexico, Thailand [1,2,7,8]
Puntius brevis Laos [9]
Puntigrus tetrazona Thailand [2]
Labeo erythrurus Iran [5]
Cichliformes Pterophyllum scalare Turkey [4]
Nimbochromis venustus Mexico [1,10]
Amatitlania nigrofasciata Mexico
Vieja fenestrata [10]
Cichlasoma geddei
Thorichthys helleri
Thorichthys pasionis
Parachromis managuensis
Trichromis salvini
Australoheros facetus Brazil [11]
Anabantiformes Trichogaster lalius Mexico [1]
Trichopodus trichopterus
Osteoglossiformes Osteoglossum bicirrhosum Iran [5]
Siluriformes Hypostomus plecostomus Mexico [1]
Gobiiformes Dormitator latifrons Mexico [10]
Gobiomorus dormitor
Cyprinodontiformes Aplocheilus panchax Thailand [12]

Legend: 1. Ortega et al. 2009; 2. Wanlop et al. 2017; 3. Jaruboonyakorn et al. 2022; 4. Yildiz, 2005; 5. Mood et al. 2010; 6. Taner and Yildiz, 2018;
7. laria et 1. 2019; 8. Pace et al. 2020; 9. Han et al. 2008; 10. Scholz and Salgado-Maldonado, 2000; 11. Pinto and De Melo, 2010; 12. Madhavi

and Rukmini, 1991

Table 2 Occurrence of trematode Centrocestus formosanus in livebearer fish except halfbeaks

Family Genus Species Country References
Goodeidae Ilyodon Ilyodon whitei ~ Mexico [1]
Poeciliidae Poecilia P, reticulata Australia, Brazil, Mexico, Turkey [1,2,3,4,5,6]
P, vivipara Brazil [7]
P. velifera Mexico [8]
P. latipinna Mexico, Thailand [1,9]
P. sphenops Mexico [1, 5]
Gambusia G. affinis Egypt [10]
Pseudoxiphophorus P. bimaculatus ~ Mexico [1]

Xiphophorus X. maculatus
X hellerii Mexico, Turkey
X. birchmani Mexico

Xiphophorus sp. Brazil

Zenarchopteridae Dermogenys D. pusilla Thailand

Australia, Brazil, Mexico, Singapur-Denmark, Taiwan, Turkey [1,2,5,6,7, 11, 12]

[1,5,13]
[14]

[4]

[15]

Legend: 1. Scholz and Salgado-Maldonado, 2000; 2. Evans and Lester, 2001; 3. Pinto and De Melo, 2010; 4. Ciccheto et al. 2021; 5. Ortega et al.
2009; 6. Yildiz 2005; 7. Simdes et al. 2006; 8. Morlaes-Serna et al. 2019; 9. Wanlop et al. 2017; 10. Yousif et al. 2016; 11. Leibowitz et al. 2019;
12. Mehrdana et al. 2014; 13. Taner and Yildiz, 2018; 14. Bautista-Hernandez et al. 2019; 15. Patarwut et al. 2020

been reported as naturally or experimentally infected by this
parasite (Yousif et al. 2016; Morales-Serna et al. 2019). This
digenean has been detected in approximately 24 egg-laying
fish species from seven orders (Table 1) and in 11 livebearer
species from order Cyprinodontiformes (Table 2), which
came from aquaculture or where detected in aquaculture.

@ Springer

C. formosanus originated from Asia, described in Taiwan
and was later widely transmitted to different Asian countries
and worldwide (Chai et al. 2013; Pace et al. 2020), which
points to its distinctive invasive character. Both the para-
site and snail are now firmly established in the upper and
middle reaches of the Comal River, Texas, where the para-
site has negatively impacted the local fish fauna (Mitchell
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et al. 2000). In Mexico 70 species of freshwater fishes (3
species of goodeids and 20 poeciliids) are recorded to host
C. formosanus in natural ecosystems (Salgado-Maldonado
and Rubio-Godoy, 2014).

In fish came from ornamental fish trade in Europe it was
detected in Turkey (Yildiz, 2005; Taner and Yildiz, 2018),
in Denmark (Mehrdana et al. 2014), Italy (Iaria et al. 2019;
Pace et al. 2020) and Croatia (Gjurcevi¢ et al. 2007). The
aim of our study was to identify trematode metacercariae
and to obtain parasitological parameters associated with this
pathogen, which was found in our fish.

Materials and methods

In 2022, a total of 12 specimens (in equal gender ratio) of
fancy southern platyfish Xiphophorus maculatus (Giinther,
1866) (Cyprinodontiformes, Poeciliidae) were examined.
Species determination was based on Fishbase (n.d.) and the
author’s experience as a livebearer expert. The fish were of
marigold base colour and with natural or highfin shape of
the dorsal fin. Fish were imported from a fish farm in Viet-
nam by international wholesaler with corporate branch in
Slovakia for distribution to local pet shops or private aquar-
ists. Examined fish were obtained directly from a supplier
by one of the authors (I. S.) of this article for breeding and
subsequent showing of fish at exterior competitions.

In all fish, complete pathological necropsy focused on
parasitological examination was undertaken. Details of
anamnestic data were recorded into ichthyopathological
protocols (included name of fish species and variety, sex,
source of samples, standard length, weight before and after
necropsy, anamnestic data, results after necropsy, possibly
proposed treatment). Metacercariae were found during the
initial processing of gill tissue; consequently, parasites were
counted. Length and width of metacercarial cysts were mea-
sured from live preparates from wet mounts and data are
presented in micrometers, the mean followed by the range
in parenthesis. The parasites with small piece of gill tissue
around were washed with physiological solution and fixed
in 98% alcohol for molecular analyses. The intensity of
infection (i.i.), the mean intensity of infection (m.i.) as well
as the prevalence (P) for each gill leaf (four on either side
of the gill cavity) in each examined specimen was recorded.
The total parasitic load values for the group were calculated
from the partial values of specimens.

Molecular methods
The identity of the observed metacercariae was ascertained

using DNA sequence analysis. Gills with metacercariae were
collected from fresh fish during necroscopy and genomic

DNA extraction was performed from approximately 50 mg
of gills tissue.

Genomic DNA was extracted from gills with metacer-
cariae using the QIAamp DNA Mini Kit (Qiagen, Germany)
according to the manufacturer’s instructions for extract-
ing DNA from tissues. Eluted DNA was stored at —20 °C
before further processing.

Amplification of a partial sequence of the internal tran-
scribed spacer 2 (ITS2) gene was using the following prim-
ers: forward 3S (5’-GGTACCGGTGGATCACTCGGCT
CGTG-3’) and reverse BD2 (5’-TATGCTTAAATTCAGC
GGGT-3’) according to work of Wanlop et al. 2017. The
resulting fragment was 402 bp in length.

For PCR to amplify the ITS2 fragment was used total
volume of 25 pl consisted of 5 pl of extracted parasitic
DNA, 1x DreamTaq Green Buffer, 1 mM MgCl,, 200 uM
of each ANTP, 0.5 pl of 25 pmol of each primer 2.5 U of Taq
DNA Polymerase (Qiagen, Germany).

PCR was performed as follows: initial denaturation was
performed at 95 °C for 5 min, followed by 35 cycles of
denaturation at 94 °C for 1 min, annealing at 55 °C for 1 min
and elongation at 72 °C. The final extension was performed
at 72 °C for 7 min in the MyCycler™ Thermal Cycler Sys-
tem (Bio-Rad Laboratories, Berkeley, CA, USA). Ampli-
cons were separated on a 1.5% agarose gel stained with
Goodview Nucleic Acid Stain (SBS Genetech Co., China)
and TAE buffer (40 mM Tris, pH 7.8, 20 mM acetic acid, 2
mM EDTA). Positive PCR products were purified using the
ISOLATE II PCR and Gel Kit (Bioline, UK) and sequenced
in an automated ABI Prism 3700 DNA sequencer at the
University of Veterinary Medicine and Pharmacy, Kosice,
Slovakia for both strands using the same set of primers as
in the respective PCR tests. The obtained DNA sequences
were compared with the reference sequences in the Gen-
Bank database by the nucleotide BLASTn program (https://
blast.ncbi.nlm.nih.gov) and were grouped by similarity and
aligned using MEGA 11 (Tamura et al. 2021). The Kimura
2-parameter model was selected as the best fit model for
the analyzed data. All positions containing gaps and miss-
ing data were removed. Haplorchis taichui was selected as
the outgroup. Bootstrap analysis was performed with 1,000
replicates to test the robustness of the phylogeny.

The genetic material of the parasites is deposited at the
Department of Breeding and Diseases of Game, Fish and
Bees, Ecology and Cynology, University of Veterinary
Medicine and Pharmacy in Kosice, Slovakia.
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Results

Necropsies were performed due to breathing disorders and
mortality in the infected platyfish group. In fish, loss of
appetite and gasping near the water surface was observed.
During the examination, hyperemic and swollen gill fila-
ments with excessive mucous accumulation were observed,
especially in the most infected platies. Gill tissue showed
small white spots, caused by metacercariac and areas of
clearing surrounding the cysts. Parasites were found in
primary branchial filaments, especially near the gill carti-
lage, predominantly in the first third of their length from
the gill arch (Fig. 1). Primary lamellae were hyperplastic,
necrotic and significantly deformed and shortened. No other

parasites were found on/in gills, fins, skin or in body cavi-
ties and organs. The ellipsoidal metacercarial cysts were
169417 um in length and 135+8 pm in width (n=12).
Excysted metacercariae had the excretory vesicles in
X-shaped containing dark excretory granules.

The identity of C. formosanus was confirmed by molec-
ular methods. At the ITS2 locus, our C. formosanus iso-
late collected herein (OP808358) was 100% identical to
sequences of C. formosanus from Longfin mojarra (Gerre-
idae, Pentaprion longimanus) in Thailand and from platy
(Poeciliidae, Xiphophorus maculatus) imported from Sin-
gapore to Denmark, archived in GenBank (KX430150,
KF658456).

Fig. 1 Metacercariae of Centrocestus formosanus localization in primary branchial filaments, scale bar 300 um

@ Springer
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The prevalence of the metacercarial cysts of C. formosa-
nus in our fish group was 100% (12/12). The mean intensity
of infection was 18.3, with a range of 1-33 parasites per
fish. There were no significant differences between right and
left gills — on the left gill side was m.i. 9 and i.i. 1-24, on the
right side m.i. was 9.3 and i.i. in the range of 3-23. Similarly,
no significant differences were observed between sexes;
however, males exhibited slightly higher parasitic load val-
ues (m.i. 19.3, i.i. 4-33) compared to females (m.i. 17.3, i.i.
1-32). The highest intensities of infection, in the range of
26-33, were observed in dead fish (three specimens).

To illustrate the genetic relationships between our iso-
lates and reference isolates, a phylogram was constructed
using the Neighbor-Joining (NJ) method (Fig. 2).

Discussion

In this study, we present the first report of C. formosanus in
Central Europe. Similar to findings in other European coun-
tries (Gjurcevic et al. 2007; Mehrdana et al. 2014; Pace et
al. 2020), the parasites were transmitted via the ornamental
fish trade and came predominantly from Asian fish farms.

The examination of our fish was initiated by clinical
signs as well as fish mortality. Encysted metacercariae were
found in the primary lamellae, leading to lamellar deforma-
tion. The gill lesions caused by parasite negatively affecting
fish welfare, reducing production in fish farms, and threat-
ening biodiversity (Scholz and Salgado-Maldonado, 2000).
In our study metacercariae were localized predominantly in
the first third of their length from the gill arch. Mehrdana et
al. (2014), found cysts were present along the entire length
of the primary gill filaments of the same host species. Chen
(1942) also detected a small number of metacercariae of this
parasite in muscle tissue under the scales of heavily-infected
fish. Primodiagnosis was based on characteristic features of
C. formosanus, such as the very dark X - shaped excretory
vesicle occupying the majority of the caudal body portion,
as stated by Evans and Lester (2001). Metacercariae were
processed through molecular analysis to confirm the iden-
tity. Despite a high prevalence and diverse parasitofauna in
platyfish (Bassleer 2009) in this study no other parasitic spe-
cies were found.

In previous studies, the C. formosanus was described in
one goodeid species and in eleven poeciliids in aquaculture.
The parasite was detected in southern platy (X. maculatus),
our host species, in studies from different parts of the world
(Scholz and Salgado-Maldonado, 2000; Evans and Lester,
2001; Yildiz, 2005; Ortega et al. 2009; Mehrdana et al.
2014; Liao et al. 2017; Leibowitz et al. 2019). Several dif-
ferent case reports in the same host of this pathogen may be
related to the fact that fancy platyfish are one of the most

frequently bred and imported fish species, due to their popu-
larity in the aquarium trade. Despite examining numerous
fish from direct Asian imports, C. formosanus has not been
observed in platyfish or other livebearers such as guppies
(P, reticulata) or swordtails (X. hellerii) in our past studies.
This suggests that the parasite’s presence may be related to
specific zoohygiene practices and breeding technologies at
particular farms (Scholz and Salgado-Maldonado, 2000).
A report on the successful establishment of C. fomosanus
and its first intermediate host, a snail (Melanoides tuber-
culata), was presented by Salgado-Maldonado and Rubio-
Godoy, 2014, where natural infection was detected in a huge
diversity of new hosts (70 species), also in fish of the genus
Xiphophorus, specifically in the species X. hellerii and X.
variatus.

A 100% prevalence of C. formosanus infection in platy-
fish was observed in the study reported by Evans and Lester
(2001), where guppies and platies were also examined after
their import to Australia. In ornamental fish imported from
Singapore farm to Turkey for commercial suppliers, the
highest prevalence of centrocestiasis was recorded in platies
(P=50%), compared to a 20% prevalence in other exam-
ined poeciliids as guppies (Yildiz, 2005). High total prev-
alence from a high number of examined fish (P=40.3%,
278 positive specimens/690 analyzed specimens) was also
detected by Ortega et al. (2009) in Mexican farms. In this
case, screening was performed on 23 farms and 12 of them
were positive for this disease.

The intensity of infection in our study (range 1-33) was
lower compared to study from Denmark, where intensity
ranged from 195 to 740 parasites per fish (Mehrdana et al.
2014). The mean intensity of infection observed by Meh-
rdana et al. (2014) (454.5) was also much higher compared
with our observations (mean of 18.3 parasites per fish). A
slightly lower mean intensity of infection (14.3 parasites
per fish) was observed in the bigger Xiphophorus species
X. hellerii (Taner and Yildiz, 2018). The mortality rate was
approaching 95% in Brazilian farm-raised platies observed
by Leibowitz et al. (2019). In our study, we observed mor-
tality of highly infected specimens, where the intensity
of infection was in the range of 26-33. The gill parasites,
especially in high intensities, can cause mass mortalities,
which leads to serious economic losses through infestation
of ornamental fishes. Especialy in aquaculture conditions
(such as high stocking density, handling during the clean-
ing and transport, small water level, poor water quality,
etc.) can lead to an increase of intensity of parasitic infec-
tion and consequently high mortalities among farmed fish.
Although exporting conditions in the aquaculture of orna-
mental fish (characteristic with closed aquaculture sys-
tems) allow parasites with a direct life cycle to attain high
prevalence of infection, parasites with an indirect life cycle
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Fig.2 Phylogram generated from ITS sequences by OP808358.1 C. formosanus Slovakia
Neighbor-Joining based on Kimura’s 2-parameter

method. Tree showing the relationships between
the studied isolate of X. maculatus C. formosanus
from Slovakia (C. formosanus Slovakia) and related
sequences retrieved from GenBank. Scale refers to

a phylogenetic distance of 0.02 nucleotide substitu- .
tions per site. Number next to branches indicate KX430150.1 C. formosanus Thailand

bootstrap values

J0390545.1 Centrocestus Iran

100

KX430149.1 C. formosanus Thailand

KF658456.1 Centrocestus Denmark

MZ964334.1 C.formosanus Vietnam

t KT020834.1 Centrocestus India

LC819606.1 C. formosanus Egypt

MZ964324.1 Centrocestus formosanus Vietnam

HMU004156.1 Haplorchis taichui

0.02

@ Springer



Veterinary Research Communications (2025) 49:66

Page70f 8 66

as digenean trematodes or heteroxenous nematodes are
also able to infect fish (Evans and Lester, 2001; Kim et al.
2002). Uncontrolled transport of fish can lead to health and
economic concerns, including the transmission of patho-
gens from imported ornamental fish to European farmed
aquarium fish, food fish populations, or wild populations of
native fish species (Scholz and Salgado-Maldonado, 2000).
New parasitic species can have also negative effects on the
natural environments of importing countries and in the case
of zoonotic species also on public health (Kim et al. 2002;
Chai et al. 2013).

Author contributions Conceptualization — Cubomir Smiga; methodol-
ogy — Lubomir Smiga, Julia Smigova; Federica Berrilli, Isabel Gua-
dano-Procesi; formal analysis — Peter Lazar; investigation — Cubomir
Smiga, Julia Smigova, resources - Jilia Smigova; data duration - Jalia
Smigova; original draft preparation - I'ubomir Smiga, Jalia Smigova;
review and editing — Cubomir Smiga, Julia Smigové; supervision — Pe-
ter Lazar; Ingrid Papajova project administration - Lubomir Smiga. All
authors have read and agreed to the published version of the manu-
script.

Funding Open access funding provided by The Ministry of Educa-
tion, Science, Research and Sport of the Slovak Republic in coopera-
tion with Centre for Scientific and Technical Information of the Slovak
Republic.

This research did not receive any specific grant from funding agencies
in the public, commercial, or not-for-profit sectors.

Data availability No datasets were generated or analysed during the
current study.

Declarations
Competing interests The authors declare no competing interests.

Ethical standards The study reported here was conducted in compli-
ance with the relevant local laws and regulations.

Consent to publish Yes

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,
adaptation, distribution and reproduction in any medium or format,
as long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons licence, and indicate
if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless
indicated otherwise in a credit line to the material. If material is not
included in the article’s Creative Commons licence and your intended
use is not permitted by statutory regulation or exceeds the permitted
use, you will need to obtain permission directly from the copyright
holder. To view a copy of this licence, visit http://creativecommons.o
rg/licenses/by/4.0/.

References

Bassleer G (2009) The new illustrated guide to fish diseases (3rd Edi-
tion). (Bassleer Biofish). 232 pp, Westmeerbeek, Belgium

Bautista-Hernandez ChE, Pulido-Flores G, Violante-Gonzalez J,
Monks S (2019) Helminth parasites of Xiphophorus birchmanni
(Teleostei:Poeciliidae) from two localities of the Panuco River
drainage, Mexico. Rev Mex Biodiv 90. https://doi.org/10.22201/i
b.20078706€.2019.90.1577

BLAST: Basic Local Alignment Search Tool. Aviable online: https://b
last.ncbi.nlm.nih.gov

Chai JY, Shin, EH, Lee SH, Rim HJ (2009) Foodborne intestinal flukes
in Southeast Asia. Korean J Parasitol 47 (suppl): 69—102

Chai JY, Sohn WM, Yong TS, Eom KS, Min DY, Lee MY, Lim H,
Insisiengmay B, Phommasack B, Rim HJ (2013) Centrocestus
formosanus (Heterophyidae): human infections and the infection
source in Lao PDR. J Parasitol 99(3):531-536. https://doi.org/10
.1645/12-37.1

Chen HT (1942) The metacercariae and adult of Centrocestus formo-
sanus (Nishigori, 1924) with notes on the natural infection of rats
and cats with C. armatus (Tanabe, 1922) J. Parasitol 28 (1942):
285-298. https://doi.org/10.2307/3272966

Ciccheto JRM, Stabile BHM, Fabrin TMC, Oliveira AV, Takemoto
RM, Graga RID (2021) The first record of Centrocestus formosa-
nus (Trematoda: Heterophyidae) in southern Brazil supported by
molecular data. An Acad Bras Cienc 93(3). https://doi.org/10.159
0/0001-3765202120191017

De NV, Le TH (2011) Human infections of fish-borne trematodes
in Vietnam: Prevalence and molecular specific identification
at an endemic commune in Nam Dinh province. Exp Parasitol
129:355-361. https://doi.org/10.1016/j.exppara.2011.09.005

Evans BB, Lester RJG (2001) Parasites of ornamental fish imported
into Australia. Bull Eur Ass Fish Pathol 21: 51-55

Fishbase (n.d.) Xiphophorus maculatus, Southern platyfish: aquarium
strain

Gjurcevi¢ E, Petrinec Z, Kozari¢ Z, Kuzir S, Gjuréevi¢ Kantura V,
Vucemilo M, Dzaja P (2007) Metacercariae of Centrocestus for-
mosanus in goldfish (Carassius auratus L.) imported into Croa-
tia. Helminthologia 44: 214-216. https://doi.org/10.2478/s1168
7-007-0034-4

Han ET, Shin EH, Phommakorn S, Sengvilaykham B, Kim JL, Rim
HJ, Chai JY (2008) Centrocestus formosanus (Digenea: Hetero-
phyidae) encysted in the freshwater fish, Puntius brevis, from Lao
PDR. Korean J Parasitol 46(1): 49-53. https://doi.org/10.3347/k
jp-2008.46.1.49

laria C, Migliore S, Macri D, Bivona M, Capparucci F, Gaglio G,
Marino F (2019) Evidence of Centrocestus formosanus (Nishig-
ori, 1924) in Zebrafish (Danio rerio). Zebrafish 16(6):522-526.
https://doi.org/10.1089/zeb.2019.1744

Jaruboonyakorn P, Tejangkura T, Chontananarth T (2022) Multiplex
PCR development for the simultaneous and rapid detection of
two pathogenic flukes, Dactylogyrus spp. and Centrocestus for-
mosanus, in ornamental fishes. Aquaculture 548:737660. https://
doi.org/10.1016/j.aquaculture.2021.737660

Kim JH, Hayward CJ, Joh SJ, Heo GJ (2002) Parasitic infections
in live freshwater tropical fishes imported to Korea. Dis Aquat
Organ 52(2): 169 —73. https://doi.org/10.3354/dao052169

Leibowitz MP, Santos NRV, Tavares GC, Assis GBN, Dorella FA,
Figueiredo HCP, Leal CAG (2019) Severe outbreak of Centroces-
tus formosanus (Trematoda: Heterophyidae) in farm-raised orna-
mental platies Xiphophorus maculatus. Dis Aquat Organ 134(2):
107-111. https://doi.org/10.3354/dao03361

Liao PC, Tsai MA, Wang PC, Ho YS, Pulpipat T, Chen SC (2017)
Eustrongylides ignotus and Centrocestus sp. co-infection in
farmed ornamental Mickey Mouse platy, Xiphophorus macula-
tus. Bull Eur Ass Fish Pathol 37(4): 159—-168

Madhavi R, Rukmini C (1991) Population biology of the metacercar-
iae of Centrocestus formosanus (Trematoda: Heterophyidae) on
the gills of Aplocheilus panchax. J Zool 223: 509-520. https://do
i.org/10.1111/j.1469-7998.1991.tb04782.x

@ Springer


https://doi.org/10.22201/ib.20078706e.2019.90.1577
https://doi.org/10.22201/ib.20078706e.2019.90.1577
https://blast.ncbi.nlm.nih.gov
https://blast.ncbi.nlm.nih.gov
https://doi.org/10.1645/12-37.1
https://doi.org/10.1645/12-37.1
https://doi.org/10.2307/3272966
https://doi.org/10.1590/0001-3765202120191017
https://doi.org/10.1590/0001-3765202120191017
https://doi.org/10.1016/j.exppara.2011.09.005
https://doi.org/10.2478/s11687-007-0034-4
https://doi.org/10.2478/s11687-007-0034-4
https://doi.org/10.3347/kjp.2008.46.1.49
https://doi.org/10.3347/kjp.2008.46.1.49
https://doi.org/10.1089/zeb.2019.1744
https://doi.org/10.1016/j.aquaculture.2021.737660
https://doi.org/10.1016/j.aquaculture.2021.737660
https://doi.org/10.3354/dao052169
https://doi.org/10.3354/dao03361
https://doi.org/10.1111/j.1469-7998.1991.tb04782.x
https://doi.org/10.1111/j.1469-7998.1991.tb04782.x
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

66 Page 8of 8

Veterinary Research Communications (2025) 49:66

Mehrdana F, Jensen HM, Kania PW, Buchmann K (2014) Import of
exotic and zoonotic trematodes (Heterophyidae: Centrocestus
sp.) in Xiphophorus maculatus: Implications for ornamental fish
import control in Europe. Acta Parasit 59: 276-283. https://doi.or
2/10.2478/s11686-014-0237-z

Mitchell AJ, Salmon MJ, Huffman DG, Goodwin AE, Brandt TM
(2000) Prevalence and Pathogenecity of a heterophyid trematode
infecting the gills of an endangered fish, the fountain darter, in two
central Texas spring-fed rivers. J Aquat Anim Health 12:283-289

Mitchell AJ, Goodwin AE (2004) Centrocestiasis (Gill Trematode
Disease). FHS Blue Book: Suggested Procedures for the Detec-
tion and Identification of Certain Finfish and Shellfish Pathogens.
AFS-FHS (American Fisheries Society-Fish Health Section),
Bethesda, Maryland. American Fisheries Society Book Series

Mood SM, Ebrahimzadeh Mousavi HA, Mokhayer B, Ahmadi M,
Soltani M, Sharifpour 1 (2010) Centrocestus formosanus meta-
cercarial infection of four ornamental fish species imported into
Iran. Bull Eur Ass Fish Pathol 30(4): 146-149

Morales-Serna FN, Rodriguez-Santiago MA, Gelabert R, Flores-
Morales LM (2019) Parasites of fish Poecilia velifera and their
potential as bioindicators of wetland restoration progress. Helgol
Mar Res 73: 1. https://doi.org/10.1186/s10152-019-0522-1

Ortega C, Fajardo R, Enriquez R (2009) Trematode Centrocestus for-
mosanus infection and distribution in ornamental fishes in Mex-
ico. J Aquat Anim Health 21(1): 18-22. https://doi.org/10.1577/
HO07-022.1

Pace A, Dipineto L, Aceto S, Censullo MC, Valoroso MC, Varriale L,
Rinaldi L, Menna LF, Fioretti A, Borrelli L (2020) Diagnosis of
Centrocestus formosanus Infection in Zebrafish (Danio rerio) in
Italy: A Window to a New Globalization-Derived Invasive Micro-
organism. Animals (Basel) 10(3): 456. https://doi.org/10.3390/an
110030456

Patarwut L, Chontananarth T, Chai JY, Purivirojkul W (2020) Infec-
tions of Digenetic Trematode Metacercariae in Wrestling Half-
beak, Dermogenys pusilla from Bangkok Metropolitan Region in
Thailand. Korean J Parasitol 58(1):27-35. https://doi.org/10.334
7/kjp.2020.58.1.27

Pinto HA, De Melo AL (2010) Melanoides tuberculata (Mollusca:
Thiaridae) as an intermediate host of Centrocestus formosanus
(Trematoda: Heterophyidae) in Brazil. Rev Inst Med Trop Sao
Paulo 52(4):207-10. https://doi.org/10.1590/S0036-4665201000
0400008

@ Springer

Salgado-Maldonado G, Rubio-Godoy M (2014) Helmintos parasitos
de peces de agua dulce introducidos. En: Especies acuaticas inva-
soras en México. Mendoza, R. y P. Koleff (eds) Comision Nacio-
nal para el Conocimiento y Uso de la Biodiversidad, México, D.F.
ISBN: 978-607-8328-04-8, pp 269-285

Scholz T, Salgado-Maldonado G (2000) The introduction and disper-
sal of Centrocestus formosanus (Nishigori, 1924) (Digenea: Het-
erophyidae) in Mexico: a review. Am Midl Nat 143(1): 185-200.
https://doi.org/10.1674/0003-0031(2000)143[0185: TIADOC]2.0
.CO;2

Simdes SB, Scholz T, Barbosa HS, Santos CP (2006) Taxonomic
status, redescription, and surface ultrastructure of Ascocotyle
(Phagicola) pindoramensis n. comb. (Digenea: Heterophyidae).
J Parasitol 92(3): 501-508. https://doi.org/10.1645/GE-757R.1

Tamura K, Stecher G, Kumar S (2021) MEGA 11: molecular evolu-
tionary genetics analysis version. Mol Biol Evol 38(7): 3022—
3027. https://doi.org/10.1093/molbev/msab120

Taner G §, Yildiz H'Y (2018) Digenetic Centrocestus sp. metacercar-
iae (Trematoda: Heterophyidae) were detected on two freshwater
ornamental fish species imported into Turkey: disease profile and
risk. Aquat Sci Eng 33(3): 106-109. https://doi.org/10.26650/A
SE201816

The Ornamental Aquatic Trade Association, EU Ornamental Fish
Import & Export Statistics 2016. The annual report about statistic
in ornamental fish industry

Wanlop A, Wongsawad C, Prattapong P, Wongsawad P, Chontanan-
arth T, Chai JY (2017) Prevalence of Centrocestus formosanus
Metacercariae in Ornamental Fish from Chiang Mai, Thailand,
with Molecular Approach Using ITS2. Korean J Parasitol 55(4):
445-449. https://doi.org/10.3347/kjp.2017.55.4.445

Yildiz HY (2005) Infection with metacercariae of Centrocestus formo-
sanus (Trematoda: Heterophyidae) in ornamental fish imported
into Turkey. Bull Eur Ass Fish Pathol 25: 244-246

Yousif F, Ayoub M, Tadros M, El Bardicy S (2016) The first record
of Centrocestus formosanus (Nishigori, 1924) (Digenea: Hetero-
phyidae) in Egypt. Exp Parasitol 168: 56—61. https://doi.org/10.1
016/j.exppara.2016.06.007

Publisher’s note Springer Nature remains neutral with regard to juris-
dictional claims in published maps and institutional affiliations.


https://doi.org/10.1674/0003-0031(2000)143[0185:TIADOC]2.0.CO;2
https://doi.org/10.1674/0003-0031(2000)143[0185:TIADOC]2.0.CO;2
https://doi.org/10.1674/0003-0031(2000)143[0185:TIADOC]2.0.CO;2
https://doi.org/10.1645/GE-757R.1
https://doi.org/10.1093/molbev/msab120
https://doi.org/10.26650/ASE201816
https://doi.org/10.26650/ASE201816
https://doi.org/10.3347/kjp.2017.55.4.445
https://doi.org/10.1016/j.exppara.2016.06.007
https://doi.org/10.1016/j.exppara.2016.06.007
https://doi.org/10.2478/s11686-014-0237-z
https://doi.org/10.2478/s11686-014-0237-z
https://doi.org/10.1186/s10152-019-0522-1
https://doi.org/10.1577/H07-022.1
https://doi.org/10.1577/H07-022.1
https://doi.org/10.3390/ani10030456
https://doi.org/10.3390/ani10030456
https://doi.org/10.3347/kjp.2020.58.1.27
https://doi.org/10.3347/kjp.2020.58.1.27
https://doi.org/10.1590/S0036-46652010000400008
https://doi.org/10.1590/S0036-46652010000400008

	﻿Molecular detection of the zoonotic trematode ﻿Centrocestus formosanus﻿ (Nishigori, 1924) (Opisthorchiida, Heterophyidae) in Central Europe
	﻿Abstract
	﻿Introduction
	﻿Materials and methods
	﻿Molecular methods

	﻿Results
	﻿Discussion
	﻿References


