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Ultrastructural description of Ceratomyxa microlepis
sp. nov. (Phylum Myxozoa): a parasite infecting the gall bladder
of Hemiodus microlepis, a freshwater teleost from the Amazon River
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A new ceratomyxid parasite was examined for taxonomic identification, upon being found infecting the gall
bladder of Hemiodus microlepis (Teleostei: Hemiodontidae), a freshwater teleost collected from the Amazon River,
Brazil. Light and transmission electron microscopy revealed elongated crescent-shaped spores constituted by two
asymmetrical shell valves united along a straight sutural line, each possessing a lateral projection. The spores body
measured 5.2 + 0.4 um (n = 25) in length and 35.5 = 0.9 um (n = 25) in total thickness. The lateral projections were
asymmetric, one measuring 18.1 £ 0.5 um (n = 25) in thickness and the other measuring 17.5 + 0.5 um (n = 25) in
thickness. Two equal-sized subspherical polar capsules measuring 2.2 = 0.3 um in diameter were located at the same
level, each possessing a polar filament with 5-6 coils. The sporoplasm was binucleate. Considering the morphomet-
ric data analyzed from the microscopic observations, as well as the host species and its geographical location, this
paper describes a new myxosporean species, herein named Ceratomyxa microlepis sp. nov.; therefore representing
the first description of a freshwater ceratomyxid from the South American region.
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The genus Ceratomyxa Thélohan, 1892, constitutes
one of the largest genera within the class Myxosporea
of the phylum Myxozoa, comprising about 190 species,
the great majority of which are coelozoic parasites in-
fecting the gall bladder of marine teleosts (Eiras 2006,
Lom & Dykova 2006). Ceratomyxa spp have elongated,
crescent-shaped or arcuate spores with shell valves that
are frequently conical, exceeding in length the axial di-
ameter of the spore. Spores contain two subspherical
capsules and a binucleate sporoplasm or, more rarely,
two uninucleate sporoplasms (Lom & Dykova 1992).

Despite having a worldwide distribution, only three
species of Ceratomyxa have been described from South
American fish hosts: Ceratomyxa dissostichi from Dis-
sostichus eleginoides from the Falklands islands, Ce-
ratomyxa curvata from Odontaspis americanus and Ce-
ratomyxa hippocampi from Hippocampus punctulatus,
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both from the Brazilian Atlantic coast (Cunha & Fon-
seca 1918, Brickle et al. 2001). These are all species in-
fecting the gall bladder of marine fish hosts. In fact, only
five species have been reported from freshwater teleosts
worldwide: Ceratomyxa anguillae from the gall bladder
of Anguilla anguilla from France, Ceratomyxa hilsae
from the gall bladder of Hilsa ilisha from India, Cerato-
myxa hongtzensis from the gall bladder of Pelteobagrus
eupogon from China, Ceratomyxa hungarica from the
gall bladder of Proterorhinus marmoratus from Hun-
gary and Ceratomyxa shasta from the digestive tract of
Oncorhynchus mykiss from the United States of Amer-
ica (Chakravarty 1939, Noble 1950, Tuzet & Ormiéres
1957, Hsich & Chen 1984, Molnar 1992). Of the five
mentioned freshwater species, only C. shasta is histo-
zoic (Noble 1950).

The present paper uses light microscopy and trans-
mission electronic microscopy to describe a new myxo-
sporean species of the genus Ceratomyxa found infect-
ing the gall bladder of Hemiodus microlepis. The host
species is a teleost that inhabits the Amazon River, mak-
ing this the first description of a freshwater ceratomyxid
species from the South American region.

MATERIALS AND METHODS

Twenty five specimens (15 females and 10 males)
of H. microlepis Kner, 1858 (Teleostei: Hemiodon-
tidae), known by the Brazilian common name Orana
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and displaying an average body length of 14-22 cm,
were collected from the Trombetas River, an affluent
located at about 770 km from the mouth of the Amazon
River (01°45’S 55°51’W), near the city of Oriximina in
the state of Para (PA), Brazil. Upon necropsy, the gall
bladder of each specimen was examined for parasitic
infection. Small fragments of infected gall bladder tis-
sue and bile were examined using Nomarski differential
interference contrast microscopy, equipped with a mi-
crometric ocular lens and image software. Fresh spore
measurements were taken.

For transmission electron microscopy (TEM), the
bile of the infected gall bladders was fixed in 5% glu-
taraldehyde in 0.2 M sodium cacodylate buffer (pH 7.4)
for 24 h at 4°C. The solution was then washed overnight
in the same buffer at 4°C and postfixed in 2% OsO,,
buffered with the same solution for 4 h at the same
temperature. After dehydration in a graded ethanol-
series followed by propylene oxide, samples were em-
bedded in Epon. Semi-thin sections were stained with
methylene blue-Azur II. Ultrathin sections were cut
with a diamond knife, double-stained with uranyl ac-
etate and lead citrate and observed in a JEOL 100CXII
TEM operated at 60 kV.

RESULTS

Light microscopy revealed mature spores of an un-
described Ceratomyxa species floating free in the bile
(Figs 1-3), but no other sporogenic developmental stages
were observed. The infection was detected in the gall
bladder of 36% of the H. microlepis examined, but no
obvious morphological and behavioural symptoms of
infection were observed.

Ceratomyxa microlepis sp. nov.
(Figs 1-9)

Description - The spores displayed crescent-shape
with a convex anterior pole and a slightly concave pos-
terior pole (Figs 1-3), measuring 5.2 + 0.4 pum (n = 25)
in length and 35.5 + 0.9 um (n = 25) in total thickness
(Figs 1, 3). Two asymmetric conical shell valves united
along a straight sutural line (Figs 4, 7), each possess-
ing an elongated lateral projection with slightly differ-
ent thickness and shape (Figs 1, 3). In one shell valve,
the lateral projection was 18.1 = 0.5 pm (n = 25) thick
and tapered into a blunt end, while in the other shell
valve, the lateral projection was 17.5 £ 0.5 pm (n = 25)
thick and displayed a rounded end (Figs 1, 3). The lat-
eral projections were a continuation of the cytoplasmic
material of the spore, as well as of the wall of the shell
valves, which was comprised of a continuous external
layer of dense material and a continuous internal layer
of lighter material (Figs 4, 5, 6, 8). Two equal-sized sub-
spherical polar capsules were located side by side and
measured 2.2 £ 0.3 um in diameter (n = 30) (Figs 3, 4,
6). The wall of these polar capsules was comprised of a
continuous external dense layer and an internal hyaline
layer (Fig. 5), which displayed extrusion pores located
near the sutural line at the anterior pole of the spore. An
electron dense stopper closed each extrusion pore, pre-

venting extrusion of the polar filament (Fig. 4). Inside
the polar capsules the isofilar polar filament coiled in
five-six turns and appeared obliquely arranged, form-
ing an angle of about 58°-60° to the longitudinal axis
of these structures (Figs 4, 5). The sporoplasm was
irregular in shape and displayed two nuclei randomly
positioned in its matrix (Figs 4, 6). The cytoplasm of
the shell valves contained several dense reserve bodies
and vesicles (Fig. 8). A schematic drawing of a spore
is shown in Fig. 9, allowing recognition of its overall
ultrastructural aspects.

Type host - H. microlepis Kner, 1858 (Teleostei: He-
miodontidae).

Site of infection - Mature spores were found floating
free in the bile. Spores were not observed attached to the
epithelial tissue of the gall bladder.

Type locality - Trombetas River (01°45’S 55°51°W),
an affluent of the Amazon River located 770 km up-
stream from its mouth, near the city of Oriximina, PA.

Type data and depository (upon acceptance) - A glass
slide containing a semi-thin section of mature spores of
the hapantotype was deposited in the International Myx-
ozoan Type Slide Collection at the National Institute of
Amazonian Research, Manaus, state of Amazonas, Bra-
zil, under acquisition (012/12).

Prevalence of infection - Nine out of 25 (36%) speci-
mens were infected [5/15 (33.3%) for females and 4/10
(40%) for males].

Etymology - The specific epithet of this parasite de-
rives from the specific epithet of the host species.

DISCUSSION

Despite the numerous descriptions relating to the
genus Ceratomyxa, only C. anguillae, C. hilsae, C.
hongtzensis, C. hungarica and C. shasta are known to
infect freshwater teleosts, none of which are from the
South American region (Eiras 2006, Lom & Dykova
2006). With the exception of C. shasta, which is his-
tozoic (Noble 1950), all the other freshwater species of
the genus Ceratomyxa are coelozoic (Chakravarty 1939,
Tuzet & Ormieres 1957, Hsieh & Chen 1984, Molnar
1992). The parasite here described was also coelozoic
in the gall bladder of H. microlepis, but displayed ul-
trastructural characteristics very distinct from those
reported for the other freshwater species within the ge-
nus, as shown in Table. The most prominent of which
was the presence of two elongated lateral projections,
which are missing in the remaining freshwater species
of the genus.

Although all other currently known species of Ce-
ratomyxa infecting freshwater fish lack elongated lateral
projections, there are about 70 marine species of Ce-
ratomyxa in which such projections have been described
(Ali et al. 2006, Eiras 2006, Abdel-Ghaffar et al. 2008,
Gunter & Adlard 2008, 2009, Gunter et al. 2010). Mor-
phological comparison to these marine species sug-
gested that C. microlepis sp. nov. shared some super-
ficial similarity with Ceratomyxa aglomerata from the
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Figs 1-3: light and transmission electron micrographs of Ceratomyxa microlepis sp. nov. infecting the gall bladder of Hemiodus microlepis col-
lected from the Amazon River. 1: several free unfixed spores observed by differential interference contrast microscopy; 2: spores sectioned at
different levels and displaying different ultrastructural aspects, including the polar capsules (PC); 3: longitudinal section of a spore revealing
its general organization, namely the two lateral projections (P) and the two PCs.
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Figs 4-8: transmission electron micrographs of Ceratomyxa microlepis sp. nov. infecting the gall bladder of Hemiodus microlepis collected from
the Amazon River. 4: ultrastructural detail of the two polar capsules in longitudinal section, displaying the organization of its polar filaments
(PF) and the extrusion pores (arrows) located at the spore anterior pole, near the sutural line (arrowheads). A nucleus (N) of the sporoplasm is
observed close to these structures; 5: oblique section of a polar capsule (PC), allowing the recognition of its double-layer wall (arrowheads) and
number of PF coils; 6: oblique section of the central region of a spore showing the PCs, one of the two Ns of the sporoplasm, some sporoplas-
mosomes (arrowheads) and a lipidic-like structure (arrow); 7: detailed aspect of the sutural line (arrowheads) uniting the two shell valves (V);
8: slightly oblique transverse section of a lateral projection containing numerous reserve bodies (arrows) and displaying the double-layer wall

(arrowheads) organization of the spore shell Vs.
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gall bladder of Synodus foetans from the USA Atlantic
Coast (Davis 1917), Ceratomyxa attenuata from the gall
bladder of Scoliodon terranovae from the USA Atlantic
Coast (Davis 1917) and Ceratomyxa koieae from the gall
bladder of Sphyraena forsteri from Lizard Island in Aus-
tralia (Gunter et al. 2010). On the other hand, compara-
tive analysis of specific morphological characteristics of
these species revealed some singular aspects that allow
differentiation. C. aglomerata spores were less thick and
the polar capsules slightly bigger, C. attenuata spores
were of a similar shape, but much larger in length and
thickness, as well as in the diameter of their polar cap-
sules, and C. koieae spores displayed identical measure-
ments, but had symmetrical shell valves (Davis 1917,
Gunter et al. 2010). No specific similarity was observed
to the spores of Ceratomyxa dissostichi, C. curvata and
C. hippocampi, which were reported from the same geo-
graphical area, but from marine hosts (Cunha & Fonseca
1918, Brickle et al. 2001).

Also taken into account were numerous molecular
based studies that have revealed that the class Myxos-
porea is divided into two main clades: freshwater and
marine species. C. shasta constitutes one of the few ex-
ceptions to this division, due to the anadromous nature
of its host (Kent et al. 2001, Fiala & Dykova 2004, Fiala
2006). Therefore, the parasite here described, which in-
fects the gall bladder of a potamodromous fish, is more
likely to be phylogenetically related to the other freshwa-
ter species within Ceratomyxa, rather than to the marine
species with which it demonstrates an apparently higher
level of morphological similarity.

The totality of comparative morphometric data
analyzed, from both freshwater and marine species,
combined with the specificity of the host geographi-
cal location, together suggest that this parasite is a new
species, herein named C. microlepis sp. nov. Morpho-
logical comparisons were solely based on the mature
spores’ characteristics, since other developmental stag-
es were not observed. The lack of vegetative and earlier
sporogenic stages shows that during the hosts’ collec-
tion period, the parasite had already incurred sporo-
genesis and full maturation. To conclude, the present
paper constitutes the first description of a freshwater
ceratomyxid from the South American region and the
sixth report worldwide.

Fig. 9: schematic drawing of Ceratomyxa microlepis sp. nov. infect-
ing the gall bladder of Hemiodus microlepis collected from the Am-
azon River, displaying the spore overall morphology, with special
emphasis on the two opposite and asymmetric lateral projections of
the shell valves.

TABLE
Features of Ceratomyxa spp infecting freshwater fish hosts

Organ of
infection

Ceratomyxa

spp

References

Place

Original host

Spore

Chakravarty (1939)

India

Gall bladder

Hilsa ilisha

Ceratomyxa Anterior pole convex and posterior pole straight, equal shell valves tapering into blunt ends,

hilsae

SL 10, ST 25-40, PC 5.
Anterior pole convex and posterior pole concave, SP very arched, shell valves broadly

Noble (1950)

Oncorhynchus Tissues of the United States

Ceratomyxa

shasta

digestive tract of America

mykiss

rounded, SL 6-8, ST 14-17, PC 2.2.
Anterior pole slightly convex and posterior pole slightly concave, SP elongate, equal shell

Tuzet and Ormieres (1957)

France

Gall bladder

Anguilla

Ceratomyxa
anguillae

anguilla

valves with tapered ends, SL 25-30.

Hsieh and Chen (1984)

Gall bladder China

Anterior pole convex and posterior pole concave, SP arched, equal shell valves with Pelteobagrus

Ceratomyxa
hongtzensis

eupogon

rounded ends, SL 6.3 (4.4-9), ST 13.6 (9.7-17.5), PC 2.6 (2.3-3.2).
Anterior pole convex and posterior pole straight, SP elliptical and flattened, equal shell

Molnar (1992)

Kidney Hungary

Proterorhinus

Ceratomyxa
hungarica

marmoratus

valves with rounded ends, SL 10.1 (10-10.5), ST 18.8 (18.5-19.5), PC 4.8 (4.5-5), PF 6.

Ceratomyxa Anterior pole convex and posterior pole slightly concave, SP elongated and crescent-shaped,

microlepis
Sp. nov.

Present paper

Gall bladder Amazon River

Hemiodus

microlepis

asymmetric shell valves, SL 5.2 (4.8-5.6), ST 35.5 (34.6-36.4), PC 2.2 (1.9-2.5), PF 5-6.
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PC: polar capsule; PF: number of polar filaments coils; SL: spore (SP) length; ST: SP thickness.
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