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Abstract
There is uncertainty in the identification ofMyxobolus drjagini, the causative agent of silver carp twist disease, in the literature.
An investigation of fish parasites in Lake Taihu, China, revealed several Myxobolus drjagini–like myxosporeans infecting the
subcutaneous tissue of the head skin, the olfactory and oculomotor nerves in the cranial cavity, and the intrafilamental epithelium
of the gills of silver carpHypophthalmichthys molitrix (Valenciennes, 1844). Myxospores from the head skin and the nerves were
identified as conspecific to M. drjagini based on morphological and molecular data; although the spores from each of the two
organs presented morphological variations. SSU rDNA sequence analysis revealed that the sequence of M. drjagini previously
deposited in GenBank (AF085179) was invalid. Myxospores from the gills were identified asMyxobolus paratypicus n. sp. The
spores were oval, asymmetric in frontal view, 13.8 (12.9–14.9) μm long, 9.9 (9.2–11.1) μm wide, and 7.0 μm thick. Two
pyriform polar capsules were unequal in size (ratio above 4:1) with slightly converging anterior ends, and the posterior end of
the large polar capsule extended beyond the middle of the spore. The large polar capsule was 7.5 (6.2–8.2) μm long and 5.0 (4.2–
5.6) μmwide; the small polar capsule was 2.7 (2.1–3.6) μm long and 1.4 (1.1–1.9) μmwide. Polar filaments were coiled with 7–
8 turns in the large polar capsule. The SSU rDNA sequence ofM. paratypicus n. sp. was not identical to that of any myxozoan
available in GenBank and showed highest similarity with M. drjagini (96%) and Myxobolus pavlovskii (95%) collected from
bighead carp and silver carp, respectively.

Keywords Myxozoan .Myxobolus . Silver carp . Brain . SSU rDNA

Introduction

Myxobolus Butschli, 1882, is the most species-rich genus in
the family Myxobolidae (Cnidaria: Myxozoa), consisting of
approximately 800 species (Eiras et al. 2005; Zhang et al.
2010), and some myxobolids cause severe diseases in wild
and farmed fishes, e.g., Myxobolus cerebralis, M. drjagini,
and M. honghuensis (Wu et al. 1975; Sarker et al. 2015; Xi

et al. 2011, 2013). Myxobolus species have been defined tra-
ditionally based on spore shape and polar capsules. The lim-
ited morphological characteristics and morphological varia-
tions between species make identification difficult and have
impelled research to consider host preference, tissue tropism,
and molecular sequence in species characterization (Atkinson
et al. 2015). More than 300 named species in this genus have
been reported from freshwater fishes in China (Chen and Ma
1998); however, the validity of some species needs to be
reevaluated because they were recorded from a wide range
of fish hosts or various organs and lack molecular sequence
information.

Myxobolus drjagini (Akhmerov 1954) Schulman, 1962,
synonym Disparospora drjagini, was originally described
from the head skin of silver carpHypophthalmichthys molitrix
(Cuvier et Valenciennes, 1844) in the Amur River (named
Heilong Jiang in China). M. drjagini was a common parasite
of the silver carp with strict host specificity in Europe, and it
was thought to have spread from eastern Asia to Europe
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through association with its imported fish host, silver carp
(Molnár 1994; El-Mansy and Molnár 1997). Based on the
available data in the literature, M. drjagini was only reported
from the head skin of the silver carp in Europe (Molnár and
Eszterbauer 2015); however, it was widely recorded in silver
carp and bighead carp Aristichthys nobilis (Richardson, 1845)
in China, infecting a wide range of fish organs, e.g., the gill
arch, skin, eye socket, heart, brain, brain-lymph, kidney, swim
bladder, intestine, gall bladder, body cavity, fin, and liver (Wu
et al. 1975; Chen and Ma 1998). Heavy infection destroyed
the nerves in the cranial cavity causing Btwist disease^ and
massive mortality of silver carp (Wu et al. 1975). Meanwhile,
it is worth noting that in the same organs of the silver carp and
bighead carp, several morphologically similar myxosporeans
were also found, such asM. atypicus Li et Nie, 1973, from the
central nerves; M. hypophthalmichthydis (Dogiel et
Achmerov, 1960) Chen et Ma, 1998, from the head skin;
M. nobillis Li et Nie, 1973, and M. aristichthys Nie et Yin,
1973, from the gills, intestine, and kidney (Chen and Ma
1998). However, it is unclear whether these different species
in the literature truly occurred in the same organs, or the re-
cords included misidentification. To answer this question, it is
necessary to collect new material and characterize these spe-
cies based on morphological characteristics and DNA se-
quences. The results will facilitate our understanding of
myxosporean diversity.

During the recent fish parasite investigation, several
M. drjagini–like myxosporeans were found in the gill, the
head skin, and the cranial cavity of silver carp. In this report,
we identify and characterize these myxosporeans based on
morphological and molecular analyses.

Materials and methods

Sample collection and morphometric analyses

From October 2016 to June 2017, 23 silver carps, body length
26–32 cm, were netted from Lake Taihu, China (31° 25′ N,
120° 17′ E), and transferred on ice to the laboratory for para-
sitological examination.Macroscopic examination of the skin,
gills, liver, intestine, kidney, and brain was conducted with
naked eyes and a dissecting microscope. Plasmodia found
were isolated separately and observed with wet-mount slides
using an Olympus CX-31 microscope equipped with a digital
camera, and then, spores on the slide were collected in a
1.5-mL centrifuge tube and stored at − 20 °C for molecular
analysis. Archival specimens of silver carp with twist disease,
collected from Lake Taihu in the 1980s, stored in formalin and
kept at the Freshwater Fisheries Research Center, were also
examined. The plasmodia in the cranial cavity were removed,
rinsed with water, and observed under a light microscope.
Morphometric data of at least 30 fresh mature spores from

each myxosporean found in the silver carp were obtained ac-
cording to the guidelines of Lom and Dyková 2006. All mea-
surements are given in micrometers (μm). Line drawings of
spores were based on the digitized images.

DNA isolation and sequencing

Myxosporean genomic DNAwas extracted using a QIAamp®
DNA Micro kit (Qiagen, Germany) following the manufac-
turer’s instructions. The small subunit ribosomal DNA (SSU
rDNA/18S rDNA) was amplified with primers ERIB1 and
ERIB10 (Barta et al. 1997). The PCR product was purified
using a Sangon Biotech® sanorep Column DNA Extraction
kit and commercially sequenced via the primer walking meth-
od (Sangon Biotech, Shanghai, China). DNA sequence chro-
matograms were assembled and inspected with SeqMan
(Lasergene package, DNAStar Inc., Madison, WI). One plas-
modium from each organ, the head skin, the cranial cavity, and
the gill filaments, was separately sequenced. Attempts to am-
plify the SSU rDNA from the archival specimen stored in
formalin failed. Assembled sequences were deposited in
GenBank and compared with other myxozoan sequences
available in NCBI database using BLASTn search.

Phylogenetic analyses

The SSU rDNA sequences of closely related myxozoans were
downloaded from GenBank and aligned using the Clustal X
1.8 program with the default setting (Thompson et al. 1997).
Phylogenetic analyses were conducted with Bayesian infer-
ence (BI) and maximum likelihood (ML) methods. The ap-
propriate nucleotide substitution model was estimated based
on the lowest BIC (Bayesian Information Criterion) score, and
the ML phylogenetic trees were inferred with MEGA 7.0
(Kumar et al. 2016). Branch support was computed with
1000 replicates of bootstrap analyses. Bayesian analyses were
conducted under the sameMLmodel withMrBayes ver. 3.1.2
(Ronquist and Huelsenbeck 2003) by running four indepen-
dent MCMCMC analyses with four chains and 5 million gen-
erations. Posterior probability values were used as support for
the Bayesian topology. The phylogenetic trees were all rooted
on the external group of Myxidium lieberkuehni and
Chloromyxum legeri.

Results

In 23 seemingly healthy silver carps, myxosporean plasmodia
were found in the head skin (subcutaneous tissue, Fig. 1c)
(5/23, 21.7%), the olfactory and oculomotor nerves (Fig.
1a, b) (3/23, 13%), and the gill filaments (Fig. 1d) (2/23,
8.7%). Myxospores from the cranial cavity of archival
(Fig. 2a-c) and the newly collected specimens (Fig. 2d–f)

2150 Parasitol Res (2019) 118:2149–2157



showed consistent morphological characteristics (Table 1) and
were considered to be conspecific withMyxobolus drjagini, as
described by Akhmerov (1954), although morphological var-
iation associated with host tissues (cranial cavity vs. head
skin) was observed. Myxospores from the epithelium of the
gill filament also showed similar characteristics toM. drjagini,
but differed markedly from the M. drjagini in the polar cap-
sules, and are described as a new species in this report.

Description of Myxobolus drjagini (Akhmerov 1954)
Schulman, 1962

Myxospores from plasmodia in the nervous tissue (Fig. 2d–f,
Fig. 3a, b). Spores (fresh material from three plasmodia, n =
26) elliptical, asymmetric in frontal view, and fusiform in su-
tural view, 12.8 (11.8–14.0) μm long, 8.9 (8.3–9.6) μm wide,
and 7.1 μm thick. Two pyriform polar capsules unequal in
size, ratio almost 2:1, with convergent points; openings situ-
ated far from the long axis of spore, near the small polar
capsule side. The large polar capsule markedly leaning to-
wards the small polar capsule, 5.8 (5.2–6.5) μm long and
3.3 (2.9–3.7) μm wide; the small polar capsule 3.0 (2.3–3.7)
μm long and 1.7 (1.4–2.0) μm wide. Polar filaments coiled
with 7–8 turns in the large polar capsule. Sutural folds not
visible. Posterior end of polar capsule near the middle of spore
body.

Myxospores from plasmodia in the head skin (Fig. 2g–i,
Fig. 3c). Spores (from three plasmodia, n = 20) asymmetric in

frontal view and fusiform in sutural view, with slightly tapered
posterior end, 13.9 (12.6–14.7) μm long, 8.4 (7.5–9.9) μm
wide, and 6.5 μm thick. Two pyriform polar capsules unequal
in size, with convergent apexes; apexes situated to the side of
the long axis of spore. Large polar capsule 5.2 (4.7–5.8) μm
long and 3.7 (3.1–4.2) μmwide, small polar capsule 3.1 (2.3–
3.5) μm long and 1.9 (1.2–2.6) μm wide. Polar filaments
coiled with 7–8 turns in the large polar capsule. Posterior
end of polar capsule does not reach the middle of spore body.

Remarks: spores isolated from the archival specimens,
which were fixed in formalin (Fig. 2a–c, Table 1), had similar
morphological characteristics and morphometric data as the
fresh spores collected in this report from the cranial cavity of
silver carp. A few spores were found with 3–5 sutural folds.
Spores from the head skin closely resembled M. drjagini as
described by Akhmerov 1954 (Fig. 3d); however, they dif-
fered from the spores from the cranial cavity in being more
elongated and having a large polar capsule with a smaller
incline. SSU rDNA sequences of the specimens collected in
this report from the head skin (1937 bp, GenBank:
MH119078) and cranial cavity (1945 bp, GenBank:
MH119079) were 99.9% similar.

Taxonomic summary

Type host: Hypophthalmichthys molitrix (Cuvier et
Valenciennes, 1844) (Cypriniformes: Cyprinidae)

Type locality: Amur River, China

Fig. 1 Plasmodia of Myxobolus
drjagini (a–c) and Myxobolus
paratypicus n. sp. (d) in silver
carp. a, b Plasmodia located on
the olfactory nerve and
oculomotor nerve. c Plasmodia
located in the subcutaneous tissue
of the head. d Plasmodia located
in the gill filament
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Other localities: Lake Balaton, Hungary; Lake Taihu,
Zhejiang, and Hubei provinces, China.

Site of infection: histozoic, oval plasmodia in the head skin
(subcutaneous tissue) and cranial cavity (olfactory and oculo-
motor nerves)(Fig. 1a–c)

Prevalence: in the 23 silver carp examined, plasmodia of
M. drjagini were observed in the head skin of five individuals
(21.7%), and, three of the five infected individuals also had
plasmodia in the cranial cavity (13%)

Materials deposited: myxospores fixed in 10% formalin
were deposited in the Freshwater Fisheries Research Center,
Chinese Academy of Fishery Sciences (SCM20160610–11).
The SSU rDNA sequence of Myxobolus drjagini was depos-
ited in GenBank (MH119078, head skin; MH119079, cranial
cavity).

Description of Myxobolus paratypicus n. sp.

Myxospores (Fig. 2j–l, Fig. 3e, f): mature fresh spores (from 3
plasmodia, n = 20) oval, asymmetric in frontal view, and fusi-
form in sutural view, 13.8 (12.9–14.9)μm long, 9.9 (9.2–11.1)

μm wide, and 7.0 μm thick. Two unequal, pyriform polar
capsules, ratio > 4:1, with slightly converging anterior ends;
openings situated near long axis of spore. Large polar capsule
7.5 (6.2–8.2) long and 5.0 (4.2–5.6) wide, small polar capsule
2.7 (2.1–3.6) μm long and 1.4 (1.1–1.9) μm wide. Polar fila-
ments coiled with 7–8 turns in the large polar capsule.
Posterior end of polar capsule extends beyond the middle of
spore body. Shell valves smooth. Sutural folds difficult to
discern.

Remarks: the new species Myxobolus paratypicus n. sp.
was similar in spore shape and measurements to BMyxobolus
drjagini^, a species from the gills of silver carp described in a
previous report of fish myxosporeans from Lake Taihu (Ma
1993; Fig. 3g, h; Table 1)). However, M. paratypicus n. sp.
could be distinguished fromM. drjagini described here in the
size and arrangement of its polar capsules.

Several myxosporeans with two polar capsules of unequal
size have been reported from the silver carp, such as
M. pavlovskii (Akhmerov, 1954) Landsberg et Lom, 1991;
M. hypophthalmichthydis (Dogiel et Achmerov, 1960) Chen
etMa, 1998;M. nobillis Li et Nie, 1973;M. aristichthysNie et

Fig. 2 Light photomicrographs of
myxospores of Myxobolus
drjagini (a–i) and Myxobolus
paratypicus n. sp. (j–l) infecting
the silver carp. Notes: formalin-
fixed spores from the cranial
cavity of the archival specimen
collected in the 1980s (a–c), fresh
spores from the olfactory nerve
(d–f) (arrows in f indicate
presporogonic stages), the head
subcutaneous tissue (g–i), and
fresh spores from the gill filament
(j–l). Scale bars = 20 μm
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Yin, 1973; and M. atypicus Li et Nie, 1973. However,
M. paratypicus n. sp. differed from M. pavlovskii and
M. hypophthalmicthyswith a higher size ratio of the two polar
capsules. Moreover, the polar capsules M. aristichthys were
larger than those of M. paratypicus n. sp., and the large polar
capsule almost occupied 1/2–2/3 of the spore body. The spore
apex ofM. nobilliswas tapered, which was different from that
of the round shape of M. paratypicus n. sp. This new species
closely resembled M. atypicus, but the small polar capsule of
the latter was larger than this new species (Table 1).

Taxonomic summary

Type host: Hypophthalmichthys molitrix (Cuvier et
Valenciennes, 1844)

Type locality: Lake Taihu (31° 25′ N, 120° 17′ E), Wuxi,
China

Other localities: unknown
Site of infection: histozoic, oval plasmodia in the epitheli-

um of the gill filament (Fig. 1d)
Prevalence: 8.7% (2/23)
Materials deposited: spores fixed in 10% formalin were

deposited in the Freshwater Fisheries Research Center,
Chinese Academy of Fishery Sciences (SCM20160612).

The SSU rDNA sequence of Myxobolus paratypicus n. sp.
(1939 bp) was deposited in GenBank under the accession
number MH119080.

Etymology: the species is named with reference to the mor-
phological similarity to Myxobolus atypicus Li et Nie, 1973.
The new specific name is the combination of Bpara^ and
Batypicus^.

Molecular data and phylogenetic analysis

Sequence alignment revealed the SSU rDNA sequences of
M. drjagini and M. paratypicus n. sp. generated in this
report showed 94.7% similarity (Table 2) and therefore
differed by more than the common intraspecific sequence
variation (< 1%; Zhao et al. 2013). A BLAST search in
GenBank indicated that the sequences of M. drjagini and
M. paratypicus n. sp. were not identical to any
myxosporean sequences available, but all closely aligned
with myxosporeans collected from the bighead carp and
s i lver carp , M. carnat icus , M. pavlovsk i i , and
M. allotypica (91.3%–95%) (Table 2). Surprisingly, the
sequences of M. drjagini reported here and that deposited
in GenBank (AF085179) showed only 64% identity. In a
previous study, Molnár (2011) also questioned the

Table 1 Morphometric data ofMyxobolus drjagini andMyxobolus paratypicus n. sp. and species with unequal polar capsule reported from the silver
carp Hypophthalmicthys molitrix

Species Infected organ SL SW ST LPL LPW SPL SPW NC Reference

M. drjaginia Brain 12.4 8.9 6.3 5.5 3.3 3.2 1.9 7–8 This study
(11.7–13.3) (8.4–9.9) (4.9–6.2) (2.8–3.8) (2.6–4.4) (1.4–3.0)

M. drjagini Brain 12.8 8.9 7.1 5.8 3.3 3.0 1.7 7–8 This study
(11.8–14.0) (8.3–9.6) (5.2–6.5) (2.9–3.7) (2.3–3.7) (1.4–2.0)

M. drjagini Head skin 13.9 8.4 6.5 5.2 3.7 3.1 1.9 7–8 This study
(12.6–14.7) (7.5–9.9) (4.7–5.8) (3.1–4.2) (2.3–3.5) (1.2–2.6)

M. drjagini Head skin 14.0 9–10 6.0 6.0 3.0 4.0 2.0–2.5 – Akhmerov
1954

M. paratypicus n. sp. Gill 13.8 9.9 7.0 7.5 5.0 2.7 1.4 7–8 This study
(12.9–14.9) (9.2–11.1) (6.2–8.2) (4.2–5.6) (2.1–3.6) (1.1–1.9)

M. paratypicus n. sp.b Gill 13.2 8.8 6.7 7.6 5.0 2.1 1.3 – Ma 1993
(12.1–13.6) (7.6–9.1) (6.8–7.8) (6.8–7.8) (4.6–5.3) (2.0–3.0) (1.0–1.5)

M. atypicus Gill 14.7 10.5 7.0–8.4 8.4 5.8 5.0 3.0 6–7 Chen and Ma
1998(13.2–16.8) (8.5–10.8) (7.4–9.6) (5.4–6.0) (3.6–5.4) (2.4–3.6)

M. nobillis Gill 12.7 10.6 6.6–6.8 7.4 5.4 3.7 2.3 9 Chen and Ma
1998(12.0–14.0) (10.2–12.0) (7.2–7.5) (4.8–5.8) (3.2–4.5) (2.2–2.5)

M. hypophthalmichthydis Head skin,
intestine

13.9 10.6 8.4 6.4 3.6 3.5 1.9 5–6 Chen and Ma
1998(12.0–15.0) (9.6–11.4) (7.9–8.9) (4.8–7.2) (3.2–3.8) (3.0–3.6) (1.4–2.4)

M. aristichthys Heart 17.4 13.3 9.8 11.5 8.3 3.6 1.8 6–8 Chen and Ma
1998(16.8–18.0) (12.0–14.4) (9.6–10.2) (10.8–12.0) (7.8–9.0) (3.0–4.8) (1.6–2.2)

All measurements are in μm. SL, spore length; SW, spore width; ST, spore thickness; LPL, larger polar capsule length; LPW, larger polar capsule width;
SPL, smaller polar capsule length; SPW, smaller polar capsule width; NC, number of coils in larger polar filament
a Archival specimen collected in 1980s and stored in formalin
b The myxosporean in literature was incorrectly identified as Myxobolus drjagini (Ma 1993)
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sequence reliability of M. drjagini (AF085179, spelled
incorrectly in GenBank). Phylogenetic analysis further
suggested that M. drjagini and M. paratypicus n. sp. were
two closely related species forming a subclade with robust
branch support (Fig. 4) and showed the lowest genetic
distance between M. pavlovskii and M. allotypica from
the silver carp and bighead carp. The M. drjagini
(AF085179) sequenced by Andree et al. (1999) was clus-
tered in a far and unrelated clade, consisting of
M. insidiosus, M. cerebralis, and M. squamalis, which
were collected from trout.

Discussion

Most myxosporeans are organ- and tissue-specific parasites
(Molnár 2011; Molnár and Eszterbauer 2015); however,
Myxobolus drjagini seemed to be an exception infecting a
wide range of organs of the silver carp according to the records
in the literature, e.g., the kidney, swim bladder, liver, gall
bladder, intestine, brain, brain-lymph, gill arch, skin and fin
(see Chen and Ma 1998). In this report, M. drjagini was only
found at two typical infection sites, the subcutaneous tissue of
the head skin and the nerves of the cranial cavity of silver carp,

Fig. 3 Line drawings of Myxobolus drjagini (a–d) and Myxobolus
paratypicus n. sp. (e–h) from silver carp. Notes: the spores from the
olfactory nerve (a, b), from the head subcutaneous tissue (c), drawn

based on the report of Akhmerov 1954 (d), collected from the head
skin of silver carp, and (g, h) drawn based on the report of Ma 1993.
Scale bars = 5 μm

Table 2 Similarity matrix for the
18S rDNA sequences of
Myxobolus species from the silver
carp and bighead carp

Species 1 2 3 4 5 6

Myxobolus drjagini* 0.001 0.039 0.061 0.049 0.091

Myxobolus drjagini** 2 0.039 0.061 0.049 0.091

Myxobolus paratypicus n. sp. 76 76 0.057 0.051 0.093

Myxobolus allotypica 93 93 87 0.028 0.082

Myxobolus pavlovskii 95 94 99 42 0.055

Myxobolus carnaticus 176 176 179 124 109

The lower triangle matrix shows the pairwise number of base differences, while the upper triangle shows the
pairwise differences in the term of percentage

*From the brain of silver carp

**From the head skin of silver carp
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Fig. 4 Phylogenetic tree of myxozoans inferred using Bayesian inference (BI) and maximum likelihood (ML) analyses with SSU rDNA sequences.
Values at the branches are posterior probability for BI and bootstrap support for ML
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and was identified based on morphological characteristics and
DNA sequences. However, spores from the two sites differed
in spore shape and arrangement of their polar capsules (Figs. 2
and 3); these variations could be a response to differences in
nutrition and immunological responses associated with differ-
ent host organs.

The lack of distinguishable morphological characteristics
and intraspecific spore variation makes myxosporean identifi-
cation difficult. DNA sequences, mostly SSU rDNA, have
been widely used to identify and characterize myxosporean
species (Kato et al. 2017; Camus et al. 2017). To date, hun-
dreds of myxosporean sequences have been obtained and de-
posited in the GenBank database. However, some sequences
derived from poorly identified samples and atypical hosts or
organs should be used cautiously in sequence analyses
(Molnár 2011). Molnár (2011) placed the SSU rDNA se-
quence of BM. drjagini^ (AF085179) determined by Andree
et al. (1999) into an uncertain group. In this study, the newly
obtained sequences showed very low similarity (64%) with
that of Andree et al. (1999) and clustered separately into far,
unrelated clades (Fig. 4). Therefore, the previous sequence of
M. drjagini (AF085179) was confirmed here to be invalid and
may have been detected from a contaminated or mixed sam-
ple. M. drjagini is distributed widely in wild water bodies in
China (Wu et al. 1975; Chen and Ma 1998) and is a severe
threat to the feral and cultured silver carp stock. The valid SSU
rDNA sequence of M. drjagini detected in this report will
facilitate further epidemiological investigation.

Fixation of myxosporean specimens can affect the morpho-
logical dimensions of spores, and 10% neutral formalin was a
commonly used fixative because it produced the least shrink-
age of spores (Parker and Warner 1970). In this study, spores
of M. drjagini from the archival specimen fixed in formalin
since 1980s, showed little shrinkage compared with the fresh
spores examined here, e.g., spore length 12.4 μm vs. 12.8 μm,
spore width 8.9 μm vs. 8.9 μm, spore thickness 6.3 μm vs.
7.1 μm, larger polar capsule length 5.5 μm vs. 5.8 μm.
However, it is difficult to extract high-quality DNA for PCR
from formalin-fixed specimens, and the trial here to amplify
the SSU rDNA from the archival specimen failed. In future
studies, it would be a useful procedure to respectively fix
partial specimen in formalin and ethanol for morphological
and molecular analyses.

Tissue tropism is an important characteristic used for
distinguishing myxosporeans, and many species show tissue
tropism in spore development in their fish host (Atkinson et al.
2015; Molnár and Eszterbauer 2015). In the 23 silver carp
examined here, Myxobolus paratypicus n. sp. was found in
the gill filament, while M. drjagini was only observed in the
subcutaneous tissue of the head skin and the nerves of the
cranial cavity. DNA sequence analysis showed high similarity
(96%) and revealed that they were separate yet closely related
species.Myxobolus drjagini has been reported frommore than

ten organs of the silver carp in China, e.g., the gill arch, eye
socket, skin, heart, brain, kidney, swim bladder, intestine, gall
bladder, body cavity, fin, and liver (Wu et al. 1975; Chen and
Ma 1998). However, in the current study, M. drjagini was
found only in the head skin and the brain. Due to the small
sample size examined (23 individuals) and low prevalence of
infection, further extensive investigation is needed to uncover
M. drjagini occurrence in fish host organs.
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