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Introduction

Myxosporean parasites have been reported to be 
the causative agents of several diseases that can lead 
to high mortality and severe morbidity in both wild 
and cultured fish worldwide (Kent et al.,2001; Paul 
et al., 2020). The damage caused by myxosporean in-
fection ranges from no symptoms to fatal, according 
to infection intensity and infection sites (Sanaullah 
and Ahmed, 1980; Sanyal et al., 2018; Markiw and 
Wolf, 1983). Myxosporean gill diseases often lead to 
the death of infected fish due to the induction of respi-
ratory difficulty. Several myxosporean genera, such 
as Myxobolus, Henneguya, Kudoa, Thelohanellus, 
etc., are reported to cause gill myxoboliasis in fish 

(Sanyal et al., 2018; Qadri, 1962; Kaur, 2014).
Common carp (Cyprinus carpio) is one of the main 

cultured fish species in the world, especially in 
Europe and Asia (Kloskowski, 2011; Rahman, 2015; 
Karnai and Szucs, 2018). Although the aquaculture 
production of carp in Korea has decreased due to the 
prohibition of cage culture in lakes and reservoirs 
since the late 1990s, common carp is still one of the 
major cultured freshwater fish species in Korea.

Recently, we purchased common carp fingerlings 
from a local farm and experienced more than 90% 
mortality within one week. To know whether the 
death was caused by infectious diseases, we examined 
the presence of viruses, bacteria, and parasites. No 
trace of viruses or bacteria has been found in fish 
samples, but multiple species of parasites were ob-
served from different parts of the fish. Almost all fish 
had large numbers of cysts containing myxosporeans 
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belonging to the genus Thelohanellus in the gill 
filaments. Thelohanellus species are considered one 
of the most common myxosporeans infecting fresh-
water fish, and the majority of the described species 
infect cyprinid fishes, especially in India and China 
(Zhai et al., 2016; Zhang et al., 2013). 

In Korea, as there is no record of the gill theloha-
nellosis in carp, we conducted identification of the 
present gill myxosporean based on the mature spore 
morphology and 18S ribosomal RNA gene sequence, 
through which we classified the present myxosporean 
parasite as Thelohanellus sp., temporarily. Besides 
Thelohanellus sp., most fish were infected with a cil-
iate parasite, Ichthyophthirius multifiliis, a mono-
genean parasite, Dactylogyrus sp., and a cestode para-
site, Bothriocephalus acheilognathi.

Material and methods

Fish and sampling   

During the period of June 2023, common carp fin-
gerlings (average weight: 7.85 g) were obtained from 
a local aquaculture farm located in Andong, South 
Korea. After verifying free from viral (spring viremia 
carp virus and koi herpes virus) and bacterial in-
fections, thirty fish were randomly sampled and 
checked for the presence of parasites. Different parts 
of the body including skin, fins, gills, and internal 
organs were dissected and examined under the micro-
scope. The isolated parasites such as ciliates, mono-
geneans, and cestodes were immediately mounted on 
glass slides for identification. In the case of gill myx-
osporeans, spores were mounted on glass slips for ob-
servation or fixed in absolute ethanol and stored at 
-20°C for molecular identification.

Morphological investigation and identification

The morphological identification of the myxospor-
ean parasite and other parasites was carried out using 
an Olympus Bx51 light microscope and the measure-
ments were done with DP2-BSW software (Olympus).

The identification of species of Thelohanellus was 
done based on the guidelines of Lom and Arthur 
(1989). Plasmodia were extracted from the gill fila-
ments and exploded by a syringe needle on a glass 
slip to liberate the spores. Fresh spores were smeared 
and directly observed under the microscope or perma-
nently mounted via staining with Giemsa solution. 
Briefly, fresh extracted plasmodia from gills were 
smeared on a glass slide, air-dried then fixed with 
methanol. The staining was done with a 10% Giemsa 
solution (diluted in PBS) for 40 min, then rinsed with 
distilled water, air-dried, then mounted in a drop of 
malinol (Sigma). 

For the identification of ciliates and monogeneans, 
fresh smears of infected gills were made on a glass 
slip or stained with Giemsa’s solution, then observed 
by microscope.

Molecular identification of species of Thel-

ohanellus 

Thelohanellus plasmodia preserved in absolute 
ethanol were briefly centrifuged to remove the ethanol 
and washed with phosphate-buffered saline (PBS) to 
remove the excess of the conservative. The genomic 
DNA (gDNA) was extracted from the pelleted spores 
using Exgene Clinic SV mini-Kit (GeneAll) accord-
ing to the manufacturer’s instructions. The extracted 
gDNA was used as the template for PCR using specif-
ic primers set to amplify the 18S rRNA gene (Table 
1). After analysis of the PCR product on an electro-
phoresis gel, the amplicon was purified, cloned into 
pGEM-T Easy plasmid (Promega), then sequenced 
with sequencing primers (Székely, 2015) (Table 1). 
The obtained sequence was analyzed using the basic 
local alignment tool (blast) in NCBI GenBank.

Results and Discussion

In the present study, all the examined fish had plas-
modia of the myxosporean belonging to the genus 
Thelohanellus. The plasmodia were whitish in color, 
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oval to round, and measured around 500 to 1 μm in 
size. A large number of plasmodia were found in all 
the gill filaments of each gill arch and were the intra-
filamental-cartilage type (Type II) (Molnár, 2002) 
(Fig. 1a). The mature spores were pyriform or oval, 
elongated in the upper part and round at the inferior 
part, with a length ranging from 17.6 to 24.0 μm 
(average 20.1 μm) and width from 8.1 to 10.0 μm 

(average 9.1 μm). The polar capsule of the mature 
spore was almond-shaped, occupying almost half the 
size of the spore, with a length between 9.2 to 11.2 
μm (average 10.0 μm) and a width between 4.1 to 
5.8 μm (average 4.6 μm) with a single polar filament 
with 5 to 6 spirals (Fig. 1b), that were spotted ex-
truded on several occasion (Fig. 1d). The two spor-
oplasmic nuclei were positioned lateral to the iodino-

Table 1. Primers used for PCR and sequencing

Primers Sequence
For PCR
  Thw-18S-F (Present study)
  Thw-18S-R (Present study)

CTGGTTGATTCTGCCAGTCAATCAAG
TCTACGGAAACCTTGTTACGACTTTTACTTC

For sequencing
  Thw-18S-F (Present study)
  CR1F (Székely, 2015)

CTGGTTGATTCTGCCAGTCAATCAAG
CGAAGACGATCAGATACCGTCCTAG

Fig. 1. Thelohanellus sp. plasmodia and spores from the gill filaments of Cyprinus carpio (a) Cyprinus carpio 
gills with the intra-filamentary plasmodia (red arrows); scale bar: 500 mm. (b) fresh spores showing the coiled 
polar filament (the spore labeled with the red star); scale bar: 20 μm. (c) fresh spore: detailed description; 
PF: polar filament, SW: spore wall, PC: polar capsule, CGN: capsulogenous nucleus, IV: iodinophilous vacuole, 
SrP: sporoplasm. (d) Spores stained with Giemsa showing extruded polar filament (black arrows) and the spor-
oplasmic nuclei (SrPNi); scale bar: 20 μm.
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philous vacuole in the sporoplasm, and the capsu-
logenous nucleus was observed near the lateral poste-
rior end of the polar capsule (Fig. 1c). 

The morphological characteristics of the present 
Thelohanellus compared with other Thelohanellus 
species infecting fish gills showed overlapped mor-
phometrics of mature spores (Table 2). The sequence 
of the 18S rRNA gene was closest to that of Theloha-
nellus wangi which was previously reported from the 
gill of gibel carp (Carassius auratus gibelio) in 
China, but the identity was 92.27% (Fig. 2). Based 

on these results, we classified the present myxospor-
ean parasite as Thelohanellus sp., temporarily.

In addition, the microscopic observation of the gill 
smear showed the presence of a monogenean species 
identified as Dactylogyrus sp. and trophonts of I. 
multifiliis. In the intestine, cestodes identified as 
Bothriocephalus acheilognathi were isolated. However, 
the prevalence of those three parasites was not high 
(Table 3). 

Considering the life cycle of myxosporeans, organ-
isms that can produce actinosporeans of Thelohanel-

Table 2. Comparison of morp\hological parameters of Thelohanellus sp. with other Thelohanellus species infecting 
gills of cyprinid fish

Species Host localization Plasmodium and spore

Thelohanellus sp. present 
study Cyprinus carpio South

Korea

P: 0.5-1
SP: 17.6-24 x 8.1-10.03
PC: 9.23-11.21 x 4.06-5.8 

T. anilae (Hemananda, 
2010) Labeo rohita India SP: 12-13.5 x 6.8

PC: 6.8-7.6 x 2.5-3.4
T. bifurcata (Basu & 
Haldar, 1999) (Ref, Kaur, 
2014)

Labeo rohita India
P: 1.3-1.4 x 0.7-0.8
SP: 33.1-34.1 x 8.4-9.4
PC: 18.0-18.2 x 5.3-6.3

T. callisporis (Ky, 1971) Cyprinus carpio carpio Vietnam SP: 23.4-25.3 x 12.6-16.2
PC: 10.8 X 7.2-8.1

T. fili (Kaur et al., 2014) Labeo rohita India SP: 27.08 x 10.56
PC: 16.63 x 8.25

T. kynom (Ky, 1971) Cyprinus carpio carpio Vietnam SP: 19.8-21.6 X 7.2-8.1
PC: 10.8-14.4 x 4.5-5.4

T. pyriformis (Thelohan, 
1892) (Ref, Kudo, 1933)

Tinca tinca, Misgurnus 
fossilis and Rutilus rutilus

France
Russia

SP: 14.9-22 x 6.1-9.7
PC: 5.1-10.6 x 2.3-4.5

T. toyamai (Kudo, 1915) 
(Griffin and Goodwin, 
2011)

Cyprinus carpio carpio USA
P: 0.2
SP: 14.7-16.8 x 5.4-6
PC: 5.8-7.2

T. wangi n. sp. 
(Yuan et al., 2015) Carassius auratus gibelio China 

P: 0.5-1.5
SP: 16.5-22.3 x 9.1-10.8
PC: 8.4-11.2 x 6.1-7

T. wuhanensis (Xiao & 
Chen, 1993) (Ref, 
Abdul-Ameer and Obaid, 
2021)

Carassius auratus Iraq

P: 0.2-1.7
SP: 21.9-26.9 x 11.4-15.5
PC: 9.6-12.8 x 8.1-10.3
[same measurements as mentioned 
in Xiao & Chen, 1993]

P, plasmodium (mm); SP, spore (µm); PC, polar capsule (µm), Ref, Reference
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lus sp. might exist in the hatchery. As effective ther-
apeutic measures are not developed against myx-
osporean diseases, endeavors to find and remove vec-

tor organisms in and around hatcheries and farms are 
required. Furthermore, the simultaneous occurrence of 
intestinal cestode, B. acheilognathi, which needs in-

Fig. 2. Alignment of 18S rRNA sequence of the present Thelohanellus sp. with other Thelohanellus species 
parasitizing fish gills. Thelohanellus sp, present study; Thelohanellus wangi isolate JZ-2012 (GenBank, 
JX458816.1); Thelohanellus bifurcata isolate R1 (GenBank, ON820188.1); Thelohanellus filli ranjit sagar wetland 
isolate (GenBank, KR340464.1); Thelohanellus toyamai (GenBank, HQ338729.1); Thelohanellus wuhanensis 
isolate 6-1 (GenBank, JQ690370.1).
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termediate hosts for the completion of the life cycle, 
also indicates that environmental control measures to 
stop the life cycle should be taken. 

In conclusion, in this study, we first report gill the-
lohanellosis from common carp in Korea, and the 
high prevalence with the high infection intensity of 
Thelohanellus sp. was thought to be the main cause 
of the high mortality. Concurrent infection with other 
protozoan and metazoan parasites would also be in-
volved in the cause of the high mortality, and effec-
tive control measures against multiple parasitic spe-
cies infection are urgently needed.
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