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Abstract Myxozoans are one of the most economically
important groups of protozoan parasites causing many serious
diseases of their hosts. In the present study, a total of 60 live
adult male specimens of the marsh frog Rana ridibunda have
been randomly captured during the period of January–
December 2015 in different areas at Kafr El-Sheikh
Governorate, Egypt and were examined for infection by
myxosporidian parasites. A total of 48 (80.0 %) out of 60 frog
specimens were found to be infected with Myxobolus species.
Parasitic infection was restricted to the testicular tissue of the
examined frogs. Macroscopic cysts (plasmodia) which heavily
infested different parts of the testes were recovered.
Morphological and ultrastructural characteristics of these
myxosporidian species were carried out using light and trans-
mission electron microscopy. Plasmodia measured 0.16–0.53
(0.34 ± 0.01) mm in diameter. Mature spores appeared oval in
frontal view, measuring 8.9–11.5 (9.6 ± 0.1) μm in length and
7.5–9.1 (8.4 ± 0.1) μm in width containing 5–6 turns of polar
filaments. Morphometric characterization revealed that the very
small size of the present Myxobolus species was the most

distinctive feature that separates them from all previously
described Myxobolus species. Ultrastructural analysis
showed that the plasmodia are surrounded by a plasma
membrane with numerous pinocytotic protrusions extend-
ing toward the host cell. The generative cells and the
different developmental stages are arranged at the periph-
ery of the plasmodia, while immature and mature spores
are centrally located. Sporogenesis, capsulogenesis,
valvogenesis, and spore maturation of the present parasite
are also described. The present species is described as
Myxobolus ridibundae and represents a new species.

Keywords Myxobolus spp. . Myxosporidia . Amphibia .

Rana ridibunda . Light and electronmicroscopy studies

Introduction

Myxozoans are the most abundant, diversified, and economi-
cally important group of parasitic protozoa. They are charac-
terized by multicellular spores, with polar capsules containing
an extrusible polar filament (Feist and Longshaw 2006; Zhang
et al. 2010; Abdel-Ghaffar et al. 2012). These myxosporeans
are common parasites of ectothermic vertebrates, particularly
fish (Molnár and Székely 1999; Abdel-Ghaffar et al. 2005).
Despite their occurrence in amphibians and reptiles, these
hosts are usually not common (Eiras 2005). In addition,
Wolf andMarkiw (1984) demonstrated that several myxozoan
species require other invertebrate hosts (usually annelids) to
complete their life cycle. Over 2180 species of Myxosporea
belonging to approximately 60 genera have been described
(Rocha et al. 2015). Only 15 species were found in 83 repre-
sentatives of the class amphibians, most of them are found in
frogs and toads. Parasites described are belonging to the
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genera Myxobolus, Myxidium, Hoferellus, Chloromyxum,
Caudomyxum, and Sphaerospora (Fletcher 1888; Haswell
1890; Abdel-Ghaffar et al. 2012). Myxobolus Bütschli
1882 is the most common myxozoan genus containing
approximately 850 species worldwide. Some of these par-
asites have been described alone upon morphological fea-
tures of spores (Cleland and Johnston 1910; Eiras et al.
2005; Eiras et al. 2014). Most of these parasites are con-
sidered to be pathogenic in many different tissues and
organs of fish, such as the liver, kidneys, gills, gonads,
intestine, and skin (Lom and Dyková 2006). Their occur-
rence in amphibian gonads is difficult to estimate since
these organs are not always examined during parasite
monitoring (Hadfield et al. 2014). Taxonomic criteria
comprising the spore morphology, exact location of spor-
ulation, tissue specificity, host specificity, and molecular
data have replaced traditional methods that have been
widely used for the taxonomy of myxosporean parasites
(Zhao et al. 2008; Urawa et al. 2011). According to some
authors, amphibians represent an important source of pro-
tein in some European and Arabic countries. However,
only rare information is available on myxozoan infec-
tions. Therefore, the present study provides data of a
myxozoan infection based on morphological, morphomet-
ric, and ultrastructural data describing a testicular
myxosporidian species infecting the Marsh frog Rana
ridibunda.

Materials and methods

Samples collection and parasitological study

A total of 60 adult male specimens of the Marsh frog
R. ridibunda (Family: Ranidae) were randomly captured
by hand during the period of January–December 2015 at
different areas of Kafr El-Sheikh Governorate about
134 km North of Cairo, in the Nile Delta of lower
Egypt at 31° 06′ 42″ N and 30° 56′ 45″ E for latitude
and longitude. All collected samples were transported
alive to the Laboratory of Parasitology Research, Faculty
of Science, Cairo University, Egypt, and placed for 12 h
at 23 °C in a plastic food container containing 1.3 % v/v
of simplified amphibian ringer (SAR: 113.0 mM NaCl,
1.0 mM CaCl2, 2.0 mM KCl, 3.6 mM NaHCO3; 220 m
OSM kg–1) to distilled water. Identification of specimens
was carried out according to Al-Sadoon (1988). Each frog
was narcotized using chloroform. During dissection, their
body cavity and internal organs were macro- and micro-
scopically examined for the presence of parasitic infec-
tions under a stereomicroscope. To study the morphology
of mature spores and to obtain taxonomical data, at least
one fresh plasmodium was squeezed on a clean slide to

set free spores. Fresh spores were treated with 8 % KOH
solution to induce extrusion of polar filaments. For per-
manent preparations, air-dried smears of spores were
stained with Giemsa stain. Spores were measured by help
of a calibrated ocular micrometer system. All measure-
ments were taken in micrometer as a range followed by
mean ± SD in parentheses unless otherwise stated.
Photomicrographs were produced using a Zeiss Axiovert
135 light microscope equipped with a Canon digital cam-
era. Drawings were made by help of a camera lucida.
Classification, measurements, and description of spores
were carried out according to the guidelines of Lom and
Arthur (1989). For the transmission electron microscopi-
cal study, plasmodia were fixed in 3 % glutaraldehyde in
0.1-M sodium cacodylate buffer (pH 7.4), washed in the
same buffer four to five times (10 min each), post-fixed in
OsO4 (2 %) for 2 h, washed again with the same buffer,
and then dehydrated in an ascending ethanol series and in
propylene oxide. Finally, samples were embedded in ep-
oxy resin. Semi- and ultrathin sections were prepared
using the Reichert OMV2 Ultratome. Semi-thin sections
were stained with toluidine blue, while ultrathin sections
were contrasted with uranyl acetate in 50 % ethanol
followed by lead citrate and then examined in Jeol
1010-E transmission electron microscope operated at
80 kV at the Regional Centre for Mycology and
Biotechnology (RCMB), Al-Azhar University, Egypt.

Results

Gross and microscopic examinations of the collected frog
samples revealed that 48 out of 60 specimens of the examined
frogs had been infected with myxosporidian parasites
representing an infection rate of 80.0 %. Macroscopic cysts
(plasmodia) of the detected myxosporidian parasites were ob-
served in the testicular tissues of the examined samples
(Figs. 1, 2). No other organs were found to be infected. The
intensity of the infection was very high. More than 14 cysts
with different sizes were counted per infected frog causing
considerable enlargement and destruction of the testes.
Seasonal variation indicated that infection generally increased
during winter to 93.33 % (28/30) and decreased to 66.66 %
(20/30) in summer.

Light microscopic studies

Plasmodium The infection was observed looking like tumor-
like masses measuring often up to 2 cm in diameter and in-
ducing an enormous hypertrophy to the infected organ
(Figs. 1, 2). These plasmodia are whitish, ovoid, or ellipsoidal
measuring 0.16–0.53 (0.34 ± 0.01) mm in diameter.
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Spore description Mature spores have an oval shape in
frontal view while a biconvex shape occurs in sutural view
having rounded anterior and posterior ends. They measure
8.9–11.5 (9.6 ± 0.1) μm in length and 7.5–9.1 (8.4 ± 0.1)
μm in width (Figs. 3–5, 20). Both shell valves are thick,
symmetrical, and 0.5 mm in thickness. Two parietal folds
are present on the posterio-lateral margins of the shell

valves. The two equal polar capsules are pyriform, measur-
ing 4.3–5.9 (5.2 ± 0.1) μm in length and 2.2–3.6 (3.1 ± 0.1)
μm in width. They are situated on the anterior extremity.
Polar filaments form 5–6 coils arranged obliquely to the
axis of the polar capsule measuring 5.3 μm in length when
extruded (Figs. 4, 5). The binucleated sporoplasm is shown
in Figs. 20, 21.

Figs. 1–8 1,2 Photographs of
heavily infected testes of the
Marsh frog R. ridibunda with
myxosporidian cysts of
M. ridibundae n. sp. (arrows). 3
Photomicrographs of freshly
released spores (S) with two polar
capsules (PC) after squashing of
plasmodia; ×1000. 4,5 Giemsa-
stained spores with two darkly
stained polar capsules (PC) and
extruded polar filament (PF);
×1000. 6–8 Semithin sections of
plasmodium stained with
toluidine blue, bordered by
plasmodial membrane (PM)
followed by generative cells (GC)
just beneath of the membrane and
the core filled with different
developmental stages; ×100. 7, 8
High magnifications of the
peripheral part of the plasmodium
encircling immature (IM) and
mature spores (MS); ×400
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Ultrastructural characteristics

Transmission electron microscopic examination revealed
that the plasmodia of the present species are bordered by
a typical cell membrane (Figs. 6, 9). Numerous

pinocytotic canals of various lengths protrude from this
membrane into the host tissue (Figs. 9, 10). Inside of these
pinocytotic canals, there occurs a broad belt of ectoplasm
containing the early stages of the parasite development
(Figs. 7, 10, 11). Passing inward into the plasmodia body,
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the endoplasm contains mature and immature stages of the
parasite (Fig. 8). The earliest recognizable stages of spo-
rogenesis are the generative cells. These cells are ovoid in
shape and contain a large nucleus with a prominent nucle-
olus and a number of mitochondrial structures (Fig. 11).
The earliest pansporoblast stage seen is represented by the
enclosure of a generative cell by another cell (the
enveloping cell) resulting in the formation of two-celled
pansporoblast stages. Subsequent development and cell
divisions of the generative cells occur inside the
enveloping cell resulting in the formation of two daughter
sporonts within the enveloping cells (three-celled
pansporoblast). Each spore-producing unit consists of
capsulogenic cells and sporoplasmic cells with a
sporoplasm being surrounded by valvogenic cells
(Fig. 12). The early stage of capsulogenesis is character-
ized by polar capsules at various degrees of maturity. The
first recognizable stage was characterized by the appear-
ance of the capsular primordium as a membrane bound
bulb-l ike electron dense structure. During early

capsulogensis, external tubules characterized by an
electron-dense core of granulated material can be observed
inside the cytoplasm of the capsulogenic cells adjacent to
the capsular primordium (Fig. 13). As follow-up of the
polar capsule development, these tubules are internalized
into the primordium, become shortened, and eventually
disappear forming the filamentous material inside the pri-
mordium (Fig. 14). The volume of capsular primordium
increases, polar filaments become coiled within the capsu-
lar cortex 5–6 times and terminate in a capsular plug
(Figs. 15, 16). The development of the polar capsules is
not always synchronized (Fig. 16). As soon as the capsular
primordium appears, the sporoplasm can easily be recog-
nized by the appearance of several electron-dense bodies
known as sporoplasmosomes. A small area of sporoplasm
in mature spores is occupied by vacuolated glycogen bod-
ies (Fig. 17). When the spore proceeds toward maturation,
the capsulogenic cell and the sporoplasm are enveloped by
valvogenic cells which rapidly adhere from their ridges by
help desmosomal-like junctions (Fig. 18). Then, the apex
of the spore appears triangular containing numerous mi-
crotubules and large dense bodies (valve-forming bodies).
In immature and mature spores, the valves appear uni-
formly smooth with slightly thickened ridges joined in a
suture line (Fig. 19).

Taxonomic summary

Type species: Myxobolus ridibundae n. sp.
Type host: Marsh frog Rana ridibunda
Habitat and infection site: Histozoic species inhabiting

testes
Type locality: Kafr El-Sheikh Governorate, Egypt
Prevalence: 48/60 (80.0 %)
Type specimens: Slides were deposited in Zoology

Department, Faculty of Science, Cairo University, Egypt.
Etymology: The species name is refereeing to the host

name where the parasite was discovered and described for
the first time.

Discussion

It is known that amphibians represent an important source of
protein for the human population in some European and
Arabic countries (Fletcher 1888; Haswell 1890; Johnston
1909; Cleland and Johnston 1910; Theodorides et al. 1981a,
b; Molnár and Székely 1999; Mubarak and Abed 2001). This
source, however, is affected by the presence of myxosporean
parasites causing many serious diseases (Lom and Dyková
2006; Abdel-Ghaffar et al. 2009; Zhang et al. 2010; Urawa
et al. 2011). Salim and Desser (2000) reported that host and
site of infection can be used as guidelines for recognizing the

R Figs. 9–19 Transmission electron micrographs of plasmodia of
M. ridibundae n. sp.: 9 Plasmodium periphery showing the plasmodial
membrane (PM) in close contact to the host cell tissue (HC). Internally,
several developmental stages of spores were observed such as generative
cells (GC) situated peripherally, pansporoblasts (PS), immature spores
(IM), and mature spores (MS); ×6000. 10 Generative cell (GC) with a
nucleus (N) and few aggregations of mitochondria (M); ×12,000. 11 The
core of the plasmodium with several developmental stages of spores such
as pansporoblasts (PS), immature spores (IM), and mature spores (MS);
×10,000. 12 Pansporoblast containing two capsulogenic cells (CC) with
capsular primordium (CP), capsulogenic nucleus (N), valvogenic cells
(VC) containing valvogenic nucleus (VN) and surrounding by
?enveloping cell (EC); ×12,000. 13 Immature spore with two
capsulogenic cells (CC) in a synchronous development as one contains
mature polar capsule (PC), while the other in a state of primordium (CP).
The primordium is in close contact with external tubule (ET). Note the
presence of sporoplasm cell (SC) contains sporoplasomsomes (SS);
×12,000. 14 Earlier fusion between external tubule (ET) and capsular
primordium (CP), ×20,000. 15 Section through two capsulogenic cells
with two polar capsules (PC) in a state of complete fusion of external
tubules with filament-forming materials (FM) appear within primordia;
×20,000. 16 Nearly mature spore showing two capsulogenic cells (CC)
each with a polar capsule (PC), one of them contains coil of the polar
filament (PF) and terminated in a capsular plug (PL) at the end of the
capsule while the other still in a state of primordium (CP). The
sporoplasm cell (SC) with its nucleus (N), sporoplasmosomes (SS), and
glycogen bodies (GB); ×22,000. 17 Mature spore with polar capsules
(PC) composed of an electron-dense outer zone, an intermediate
?translucent zone, and an inner granular cortex; ×20,000. 18 High
?magnification showing the apical zone of the spore with one polar
?capsule (PC) and polar filament (PF) arranged laterally, coiled four to
six times and terminated in a capsular plug at the end of each
?capsule, and lodged in a discharge canal formed by a valvogenic cell
(VC) with sutural ridge (arrow) formed between them; ×20,000. 19
Mature spores showing capsulogenic cell with two polar capsules (PC),
sporoplasm cell with sporoplasmosomes (SS), and valvogenic cells (VC)
arranged at both ends of the spore with sutural ridge (arrow) formed
between them; ×22,000
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previously described species when identifying new species. In
the present study, the marsh frog R. ridibundawas found to be
infected with one of the myxosporean parasites in its testicular
tissue. This parasite is characterized by valve-like ellipsoidal
spores with two equal valves, a biconvex shape in sutural
view, a straight sutural edge, two pyriform polar capsules,
and binucleated sporoplasm. All these features characterize
the genus Myxobolus Bütschli 1882 according to the key for
determination of myxosporean genera published by Lom and
Dyková (2006). A review ofMyxobolus species infecting dif-
ferent amphibian hosts is given in Table 1. Such hosts are
M. hylae Johnston and Bancroft (1918) described from the
testicular and urinary bladder tissues of the Golden swamp
frog Hyla aurea in Sydney (Australia), M. ranae Guyenot
and Naville (1922) described as tumors in the skin of
Common grass frog R. temporaria in Switzerland,
M. chimbuensis Ewers (1973) infecting the testes of the
Anuran hylid frog Litoria darlingtoni from New Guinea,
M. bufonis Upton et al. (1992) appearing as a slight constric-
tion adjacent to seminiferous tubules of the testes of the Flat-
backed toad B. maculatus from Cameroon, M. fallax Browne
et al. (2002) from the testicular tissues of the Eastern dwarf
tree frog L. fallax in Australia, Myxobolus sp. Szczepaniak
et al. (2011) causing cutaneous myxosporidiasis in the
Australian green tree frog L. caerulea, and M. bufonis
Morsy et al. (2015) causing testicular myxosporidiasis infect-
ing the Egyptian toad B. regularis. Morphometric characteri-
zation of the present parasite species is more or less different
from the previously described parasite species. Host species
and tissue localization may differentiate it from M. hylae,
M. ranae, M. chimbuensis, M. fallax, and Myxobolus sp. in

having a smaller spore size, while it is markedly larger in all
dimensions than that ofM. bufonis. In addition, it differs from
the other comparable species with respect to the number of the
polar filament coils since it has 5–6 turns versus 3–4 turns
occurring in M. fallax, M. hylae, M. chimbuensis, 4–5 turns
in Myxobolus sp., 5–7 turns in M. ranae, and 6–8 turns in
M. bufonis.

Ultrastructural studies showed that the host parasite inter-
action is species-specific and depends on the developmental
stages of the parasite (Theodorides et al. 1981a, b; Delvinquier
et al. 1992; Moran et al. 1999). The ultrastructural studies of
the plasmodial wall of myxosporeans are of major importance
to show the characteristic features of this dangerous group of
parasites (Abdel-Ghaffar et al. 2012). The plasmodia of
the present examined parasite contain immature spores and
sporogenic stages at the periphery, while the center is filled
with mature spores, a finding which is in agreement with
Abdel-Ghaffar et al. (2008). These plasmodia are bordered
by a single-unit membrane which was continuous with numer-
ous pinocytotic canals extending for a various length into the
host tissue to supply various developing stages by suitable
nutrients necessary for growth. These findings are in agree-
ment with other studies (Schubert 1968; Current and Janovy
1976; Desser and Paterson 1978; Molnár and Székely 1999;
Mubarak and Abed 2001; Abdel-Ghaffar et al. 2005).
Sporogenesis starts in the present study with the formation of
a pansporoblastic stage and other developmental stages that
follow the pattern of other myxosporeans. Subsequent devel-
opmental events with cellular divisions result in a
pansporoblast giving rise to sporont progeny cells followed
by the differentiation of the sporont progenesis into spore-

Figs. 20, 21 Diagrammatic
representations of M. ridibundae
n. sp. spores. 20 The frontal view.
21 The lateral view. L spore
length,W spore width, PCL polar
capsule length, PCW polar
capsule width. Scale bar = 10 μm
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producing units. These results are in agreement with data ob-
tained by Székely et al. (2015) and Zatti et al. (2015). The polar
capsule has an ovoid to ellipsoidal shape and contains an
inverted polar filament. At this stage, these capsules appear
as bulb-like, dense structures known as capsular primordium
being usually attached at their ends with a long external tubule.
In the present study, the filament appears first in the external
tubule while the capsular primordiumwas still filled with gran-
ules without any traces of filament. Similar results were ob-
tained by Abdel-Ghaffar et al. (2009). The rudimentary polar
filament is formed within the capsular primordium, and the
external tubule is possibly formed from the dense granular
material present in both structures as mentioned by Desser
et al. (1983). The external tubule invaginates into the polar
capsule and undergoes reorganization to become the polar fil-
ament. Similar results have been reported by Matos et al.
(2005). The development of the two polar capsules is not al-
ways synchronized. In the present investigation, the plane of
the junctions of valvogenic cells is manifested as a sutural line
and is set in a plane perpendicular or oblique to the spore
circumference. Similar findings were recorded in other
myxosporean studies (Johnston 1909; Cleland and Johnston
1910; Abdel-Ghaffar et al. 2008; Zatti et al. 2015). As
valvogenesis proceeds, several microtubules appear within
the cytoplasm of the valvogenic cells, especially in the valve-
suture forming regions (Reimschuessell et al. 2003; Zhao et al.
2008; Diamant et al. 2005). When sporoplasm maturation pro-
ceeds, an increase in the number of mitochondria occurs as
well as an accumulation of glycogen particles. El-Mansy and
Bashtar (2002), Matos et al. (2005) suggested that maturation
of sporoplasm involves storage of metabolic reserves and ac-
quisition of aerobic metabolism which under the proper stim-
ulus may provide energy necessary for exsporulation and es-
tablishment of the sporont within a new host. Therefore, it can
be concluded that the present parasite species represents a new
species having a new host showing new locality records and
thus can be named as M. ridibundae.
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