FOLIA PARASITOLOGICA 47: 167-171, 2000

Myxobolus intrachondrealis sp. n. (Myxosporea: Myxobolidae),
a parasite of the gill cartilage of the common carp, Cyprinus carpio
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Abstract. A species not identifiable with any of the about 23 Myxobolus species recorded from the common carp so far, was
detected in the gills of one- and two-summer-old specimens of the common carp (Cyprinus carpio L.) cultured in pond farms in
Hungary. The strictly tissue-specific plasmodia of the parasite were located, surrounded by hyaline cartilage cells, in the
chondrous substance of the terminal parts of the gill arches and in the cartilage structure ventrally connecting the gill arches. The
spores of the parasite described as Myxobolus intrachondrealis sp. n. developed in globular or ellipsoidal plasmodia measuring
300—600 um. By their elongated ellipsoidal shape and similarly elongated polar capsules the spores were well distinguishable
from the hitherto described Myxobolus species parasitic in the common carp and also from the cartilage-parasitic Myxobolus

species of other fishes.

Of all fish species, the common carp (Cyprinus carpio
L.) can be considered to have the best studied parasite
fauna. Thus, it is surprising that hitherto unrecorded
parasites of this fish species are being discovered even
today. In the past decades the parasite fauna of the
common carp subspecies cultured in Europe (Cyprinus
carpio carpio) increased primarily through the
introduction of parasites of Cyprinus carpio
haematopterus indigenous in the Far East (Bauer and
Hoffman 1976, Molnar and Kovacs-Gayer 1981-1982),
but a Myxobolus species infecting the cartilage of the
common carp has not been known from the Far East. The
number of myxosporean species parasitising the common
carp is very high. In their review of the genus Myxobolus,
Landsberg and Lom (1991) listed 23 species recorded in
common carp, the majority of which were described from
the Far-Eastern common carp subspecies by Japanese,
Russian and Chinese authors (Kudo 1917, Hoshina 1953,
Akhmerov 1960, Chen 1973, Yukhimenko 1986). Only
four Myxobolus species, the muscle parasite M. cyprini
Doflein, 1898, M. dispar Thélohan, 1895 forming
plasmodia on the gill filaments, M. basilamellaris Lom et
Molnar, 1983 colonising the base of the gill filaments, and
M. encephalicus (Mulsow, 1911) developing in the brain,
are known to occur in common carp cultured in Hungary
(Molnar and Szakolczai 1980, Lom and Molnar 1983).
Apart from data given in a few general faunistic works,
besides the above species only M. dogieli Bykhovskaya-
Pavlovskaya et Bykhovski (Bauer et al. 1991) could be
demonstrated to occur in other countries of Europe. The
host, organ and tissue specificity of myxosporean species
represents a less well studied and rather neglected area.
According to Molnar (1986), members of the genus
Myxobolus have relatively strict host specificity and are
characterised by expressed tissue specificity. At the

same time, in the case of Myxobolus species found in
fishes of the Soviet Union, Donec and Shulman (1984)
listed more than 40 hosts for a given parasite species,
and considered it possible that these parasites could
colonise diverse organs of the hosts. On the other hand,
Molnar and Kovacs-Gayer (1985) have proved that M.
cyprini, a species earlier considered to have low organ
specificity, is actually a strict muscle parasite, and that
its spores detectable throughout the body get to the site
of location only after disruption of the plasmodium.

This paper describes a new Myxobolus species from
the common carp by the name M. intrachondrealis
based upon its typical location in the gill cartilage and
the morphological characteristics of the spores.

MATERIALS AND METHODS

One- and two-summer old common carp specimens
submitted to the laboratory from different fish farms of
Hungary were examined. The primary objective of
examination was to collect spores of some gill-parasitic
myxosporean species (Myxobolus dispar, M. basilamellaris,
Sphaerospora molnari). The fish were transported to the
laboratory alive, and the one-summer specimens were kept in
aerated aquaria while the two-summer-old ones in tanks of
flow-through system. The work was conducted on a
continuous basis in 1998 and 1999, depending on the
availability of fish. The fish were killed by decapitation, bled,
and their gills were examined for the occurrence of
myxosporean plasmodia under a dissecting microscope. Small
pieces of gill filaments from the same gills were also
examined under coverslip in a compound microscope to detect
solitary spores (Myxobolus cyprini, M. encephalicus,
Thelohanellus hovorkai). Primarily the gill filaments were
screened; however, after observing the first cartilage parasite
the gill arch and the cartilaginous structures connected to it
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were also examined. The cartilaginous structure and its parts
were first examined in a stereomicroscope, and then segments
of different refraction and supposedly containing plasmodia
were studied also under a coverslip in a compound
microscope. To collect spores from the mature plasmodia, the
infected cartilage segment was cut through with a razor blade,
the released spores were dispersed in a small volume of 0.6%
saline solution, placed under a coverslip, and their
morphological characteristics were studied. Spore dimensions
were also determined on the basis of freshly released spores
placed under coverslip. Permanent preparations were made by
placing a portion of spores into glycerol-gelatine and
mounting them under a coverslip. Spores were recorded with
the help of a video image program on videotapes as described
by Székely (1997). For histology, a part of the infected
cartilage containing plasmodia was fixed in Bouin’s solution
for 4 hours, embedded in Paraplast® wax, cut into 4 to 8 pm
thick sections, and stained with haematoxylin and eosin.

RESULTS

The plasmodia of the parasite were detected from the
gills of one- and two-summer common carp cultured in
pond farms in 1998. Six out of 24 one-summer carp
proved to be infected, and the 2 two-summer specimens
examined also showed infection. According to the
survey repeated in the early spring of 1999, this parasite
occurred in 4 out of 7 fish farms surveyed and infected
34% of the 400 one- and two-summer carp specimens
examined. The small globular plasmodia 300-500 pum
in diameter and the small ellipsoidal plasmodia
measuring 400-600 x 250-350 pum were detected
primarily in the dorsal and ventral ends of the gill
arches, in the compact substance composed exclusively
of cartilage and devoid of blood vessels. Less often they

could be found also in other parts of the cartilaginous
gill arch and in the cartilage structure (symplectinum)
ventrally connecting the wall of the gill cavity with the
hemibranchia. Under microscope the plasmodia were
distinguishable from the transparent cartilaginous
substance by their lighter colour. After cutting through
the infected cartilage part, 3,000 to 10,000 spores were
released from each cyst. The central part of plasmodia
found in July was filled by spores and their peripheral
parts by developing sporogonic stages. Fish dissected
between September and mid-April already contained
mature spores only. The majority of plasmodia
contained spores of regular ellipsoidal shape (Fig. 1);
however, from a few, possibly over-mature, plasmodia
deformed spores of elongated shape (Fig. 2) could be
released. Simultaneously with the infection of cartilage,
the plasmodia of M. basilamellaris were detectable in
the connective tissue of the gill arch at the base of the
gill filaments, and often the large plasmodia of M.
dispar were also present in the central part and at the
end of the gill filaments as mixed infection. The spores
of the latter two species were easily distinguishable in
shape and structure from those of the cartilage-parasitic
Myxobolus species, which is described as a new species
as follows.

Mpyxobolus intrachondrealis sp. n. Figs. 1-3

Description of vegetative stages. No young

plasmodia found. More developed plasmodia containing
late sporogonic stages and mature spores of globular to
ellipsoidal shape. Globular plasmodia 300-500 um in
diameter, while ellipsoidal plasmodia 400600 um long
x 250-300 um wide.

Figs. 1, 2. Myxobolus intrachondrealis sp. n. Fig. 1. Spores freed from a plasmodium. Video image. Fig. 2. Degenerated spores
freed from an aged plasmodium. Video image. Scale bars = 10 pm.
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Fig. 3. Schematic illustration of Myxobolus intrachondrealis
sp. n. a — spore in frontal view; b — spore in lateral view. Scale
bar =10 um.

Description of spores (based on 50 spores from
fully matured plasmodia): Spores (Figs. 1, 3) elongated
ellipsoidal in frontal view and discus-shaped in lateral
view. Spore valves relatively thin, symmetrical and
smooth. Sutural line indistinct, sutural edge less
protruding. Spores 10.2 (9.0—-11) um in length, 6.5 (6-7)
pm in width and 4 (3.7-4.2) um in thickness. Two polar
capsules elongated pyriform in shape, equal in size, 4.5
(3.74.7) um long and 2.2 (2-2.6) um wide. Polar
capsules lie in the spores almost parallel and open at the
base of the intercapsular appendix. Polar filaments
closely coiled with 9 to 11 turns in the polar capsule,
situated perpendicularly to the longitudinal axis of the
capsule. An indistinct, triangular intercapsular appendix
is located between the polar capsules at the anterior end
of the spore. No iodinophilous vacuole discernible in
the sporoplasm of the spores.

Deformed spores obtained from the over-mature
plasmodia were elongated ellipsoidal and laterally
flattened (Fig. 2), 11-12.5 um long by 6-6.5 pm wide.
These spores contained a shrunken sporoplasm of
indistinct structure.

Type host: Cyprinus carpio L.

Locality: Fish farms of Hortobagy (Eastern Hungary) and
Szarvas (Southeast Hungary); other fish farms in Hungary.

Site of infection: Cartilage of the gill arches.

Type material: Spores have been deposited in the
protozoological collection of the Hungarian Natural
History Museum, Budapest.

Etymolo gy : The name of the parasite derives from the
location of plasmodia.

Differential diagnosis. Regarding its morphology
and location within the host, M. intrachondrealis is
easily distinguishable from the 23 Myxobolus species
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known from the common carp (Donec and Shulman
1984, Dykova and Lom 1988, Landsberg and Lom
1991, Lom and Dykova 1992). The elongated
ellipsoidal spores of M. intrachondrealis markedly
differ from the rounded spores of most of the latter
species. Based upon spore shape and the insignificant
intercapsular appendix, of the species known from
common carp the spores of the new species resemble
Myxobolus cyprinicola Reuss, 1906 the most, but differ
from the latter by their much more elongated polar
capsules and by the absence of iodinophilous vacuole
from the sporoplasm. The spores of M. intrachondrealis
resemble also Myxobolus cultus Yokoyama, Ogawa et
Wakabayashi, 1995, but differ from it by the more
elongated shape of the polar capsules and by the large
number of their closely coiled polar filaments. From
Myxobolus dispar Thélohan, 1895 and Myxobolus
basilamellaris Lom et Molnar, 1985 most commonly
occurring in the gills of common carp, M.
intrachondrealis differs by its elongated ellipsoidal
spores and by its longer and equal polar capsules. From
the typical cartilage-parasitic species Myxobolus cereb-
ralis Hofer, 1903, Myxobolus cartilaginis (Hoffman,
Putz et Dunbar, 1965) and Myxobolus sharpeyi Molnar,
Masoumian et Abasi, 1996 having a spherical
spores, M. intrachondrealis can be differentiated by its
more elongated shape.

Histological findings. The globular or ellipsoidal
plasmodia were located in the cartilaginous substance of
the gill arches and the osseous plate connecting them,
surrounded by typical hyaline cartilage cells (Figs. 4, 5).
The thin, eosinophilic ectoplasm of the plasmodium was
located immediately next to the chondrocytes. Younger
plasmodia located within the ectoplasm contained a
layer consisting of sporogonic stages and intensely
staining with haematoxylin, while centrally mature
spores were found (Fig. 4). In mature plasmodia, only a
very thin layer consisting of pansporoblasts adhered
closely to the ectoplasm, and the plasmodia were filled
by masses of spores. No capsule of host origin could be
observed between the plasmodium and the chondro-
cytes, and the plasmodium was connected with the
surrounding chondrocytes without signs indicative of a
host reaction. Occasionally, several plasmodia were
seen side by side. In one case, infection was detected in
two joining parts of the cartilaginous structure of a gill
arch, so that the plasmodia caused distinct lesions in
both halves of the cartilage (Fig. 6).

DISCUSSION

About 460 Myxobolus species are known at present,
which include numerous synonyms. In addition, it is
likely that some Myxobolus spores collected from non-
specific hosts and from organs different from the
original location have been erroneously identified with
better-known parasite species. The most conspicuous

169



Fig. 4. Histological section of the cartilaginous end of a common carp gill arch containing a semi-mature plasmodium of
Mpyxobolus intrachondrealis. The globular plasmodium inside the hyaline cartilage has mature spores in the centre and earlier
developmental stages at the periphery. Haematoxylin and eosin (H&E). Fig. 5. A more mature M. intrachondrealis plasmodium
in the gill cartilage. The plasmodium is filled with spores. H&E. Fig. 6. M. intrachondrealis plasmodia (arrows) in the joining
parts of the central region of the gill arch. H&E. Scale bars = 100 um.

example of this is Myxobolus exiguus, which was
originally described by Thélohan (1895) from two
taxonomically very distant fish genera, the marine
fishes Mugil chelo and M. capito and from the
freshwater cyprinid species Abramis brama, and which
was subsequently reported to have been detected by
other authors from 25 additional fish species through
identification merely on morphological grounds.
However, Bahri and Marques (1996) characterised the
parasites of Mugil cephalus previously identified as
Myxobolus exiguus as four distinct host- and organ-
specific species. Similarly, it is difficult to identify the
spores found in common carp with the already
described but closely not studied Myxobolus species
parasitising that fish species. Although the present
author does not wish to increase the number of common
carp parasitic Myxobolus species at all costs, he cannot
identify with the known species such an expressly
cartilage-parasitic species which differs from the
formers also in its morphological characteristics.
Although cartilaginous tissue is colonised by relatively
few myxosporeans, it serves as a location for the best
known Mpyxobolus species, M. cerebralis, and for M.
cartilaginis, a species parasitising the gill cartilage of
centrarchid fishes. According to the description by
Hoffman et al. (1965), the plasmodia of the latter
species develop in a fully identical manner as those of
M. intrachondrealis, in islets surrounded by
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chondrocytes. Of the species parasitic in cyprinid fishes,
Yokoyama et al. (1995) described Myxobolus cultus in
experimentally infected goldfish: this species formed
plasmodia in the cartilage of fins, neural spine and
interneural spine. Another cartilage parasite is known
from an Iranian barbel, Barbus sharpeyi: it was
described by Molnar et al. (1996) by the name
Myxobolus sharpeyi. Among the cartilage-parasitic
Myxobolus species, M. cerebralis, M. cartilaginis and
M. intrachondrealis equally possess spores lacking an
iodinophilous vacuole and thus represent the Myxobolus
type which was earlier classified into the “Myxosoma”
genus. Myxobolus sharpeyi, in the spores of which
Molnar et al. (1996) saw only a small, indistinct
iodinophilous vacuole, can also be partially included in
this category. On the other hand M. cultus, having a
distinct  iodinophilous vacuole, is a “typical
Myxobolus”. The presence of deformed, aged spores in
a certain proportion of the plasmodia indicates that the
multiple layers of surrounding chondrocytes impede the
release of spores from the given location, and the spores
can presumably leave the host only after the host has
died and its tissues have disintegrated. The existence of
such deformed spores also suggests that the description
and identification of Myxobolus species should not be
based exclusively on spore morphology. The majority
of the currently known species have been described on
the basis of spores released from plasmodia and



disseminated throughout the body by the bloodstream.
A certain proportion of these spores, especially those
accumulating in the macrophage centres of the kidney,
obviously represent damaged and deformed specimens.
Therefore, during the revision of species the location of
the parasite within the host and preferably also its tissue
affinity should be taken into consideration besides the
morphological characteristics recommended by Lom
and Arthur (1989). Up to this time, identification of
myxosporeans has been based on morphological
variations in the spores. In the future, however,
molecular biological methods, such as DNA techniques
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including PCR (Andree et al. 1999) might serve as an
excellent tool for differentiation of morphologically
similar species.

The results of the surveys indicate that the species

described above is rather common in cultured common
carp stocks in Hungary. Despite this fact, because of its
unique isolated location the parasite is unlikely to have
economic importance.
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