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ABSTRACT: We describe the ultrastructural characteristics and histological impacts of Myxobolus
naffari Abdel-Ghaffar et al., 1998, which infects the Nile fish Labeo niloticus. The prevalence of infec-
tion was 65 %, with the maximum rate occurring during winter and a lower rate during summer. The
histological impacts were manifested as a fusion of the gill epithelia, hyperplasia at the ends of the
plasmodia, and atrophy of the external surface of the plasmodia. The ultrastructural study revealed
that the plasmodial wall was composed of a single unit membrane and bound externally by a thick
layer of collagen fibers. The earliest recognizable stage was the disporous pansporoblast. The devel-
opment of the parasite was asynchronous, with mature and immature spores randomly distributed

throughout the plasmodium.
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INTRODUCTION

Myxosporea comprises >2180 species assigned to 62
genera commonly found in fish (Lom & Dykova 2006).
Myxobolus is the most common and largest myxo-
sporean genus parasitizing fish. Eiras et al. (2005) pro-
vided a synopsis of the relevant morphometric and
morphological data of 744 nominal species of Myxobo-
lus including nearly all the species described so far in
fish and amphibians. Only 14 Myxobolus spp. have
been described from fishes caught in Egyptian waters
to date (Fahmy et al. 1971, 1975, Abdel-Ghaffar et al.
1995, 1998, 2008, Negm-Eldim et al. 1999, Ali et al.
2002, 2003, 2007). The majority of these species were
described using light microscopy and diagrammatic
drawings of spores to define species. Only 2 Egyptian
Myxobolus spp. have been described using electron
microscopy (Ali et al. 2003, 2007). Therefore, the pre-
sent study was undertaken to study the ultrastructural
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details of M. naffari that infects the Nile labeo Labeo
niloticus. The histological impact of the parasite on the
host was also described.

MATERIALS AND METHODS

During a survey of myxosporean infections of fish
species from the River Nile in Egypt, a total of 200
freshly caught Labeo niloticus were examined from
March 2008 to March 2009. The examined fish ranged
from 23 to 30 cm in total length. Descriptions and mea-
surements of spores followed the guidelines of Lom &
Arthur (1989). Measurements were based on 30
spores, and data were presented as mean + SD (range).
For histology, the infected parts were fixed in 10%
phosphate-buffered formalin, embedded in paraffin,
sectioned, and stained with hematoxylin and eosin
(H&E). For electron microscopy, small intact cysts with
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minimal surrounding tissue were isolated and fixed
in 3% glutaraldehyde in 0.1% sodium cacodylate
(pH 7.4), washed in the same buffer, and post-fixed
with 2% OsO, in the same buffer. The tissue pieces
were dehydrated in graded ethanol and embedded in
araldite. Ultrathin sections were stained with uranyle
acetate and lead citrate and examined with a Philips
(208) electron microscope at 80 to 100 kV.

RESULTS

The prevalence of infection was 65 % (130/200), with
the maximum rate occurring during winter and the
minimum rate in summer.

Light microscopy

Plasmodia. Plasmodia appeared as white aggregates
of tiny rods on the gill filament. Fish were infected with
2 to 16 cysts, the average dimensions of which were
0.6 = 0.4 (range: 0.3 to 1.26) mm in length and 0.2 +
0.07 (range: 0.1 to 0.2) mm in width.

Spores. Spores were subspherical to ellipsoidal in
the frontal view with rounded anterior and posterior
ends (Fig. 1). They measured 10.9 + 0.4 (range: 10.5 to
12.0) pm in length and 8.6 + 0.5 (range: 7 to 9.5) pm in
width (Fig. 1). A small intercapsular process was pre-
sent. Spore valves were thin, smooth, and symmetrical.
Polar capsules were oval, equal in size, and occupied
nearly half of the spore length. They measured 5.7 +
0.2 (range: 5.2 to 6.3) pm in length and 3.3 £ 0.4 (range:
2.6 to 4.0) nm in width. Polar filaments showed 6 to 8
coils slightly oblique along the axis of the polar cap-
sule. The sporoplasm was binucleated, with a large
and rounded to oval iodinophilous vacuole, measuring
3.6 £ 0.4 (range: 2.3 to 4.0) pm in diameter.

Histological impact. Plasmodia were located inside
the lining epithelium covering the gill filaments. The
plasmodial mass occupied a large part of the gill fila-
ment (Fig. 2). The host reaction was detected as the
formation of a thin fibrous connective tissue capsule
around the plasmodia (Fig. 2). The histological impacts
were manifested as a fusion of the gill epithelia, hyper-
plasia at the ends of the plasmodia, and atrophy of the
external surface of the plasmodia (Fig. 2).

Electron microscopy

Plasmodia. The plasmodia were surrounded by sin-
gle unit membranes (Fig. 3). External to the mem-
brane, there was a thick layer composed of collagen
fibers in contact with the host cell (Fig. 3). The plas-

modium was composed of 2 distinct layers, the outer
ectoplasm and an inner endoplasm. The ectoplasm
was an amorphous layer with many pinocytotic vesi-
cles, whereas the endoplasm contained the different
developmental stages (Fig. 3).

Sporogenesis. The early sporogenic stages were not
observed. The earliest recognizable stages were the
monosporous and the disporous pansporoblast (Figs. 4
& 5). As the spore matured, there was a structural pro-
gression in the capsulogenesis, sporoplasm matura-
tion, and valvogenesis (Figs. 4 to 9).

Capsulogenesis. Capsulogenic cells occurred at the
apical pole of the developing spore. Together with the
sporoplasm they formed the central core of spore that
was ensheathed by valvogenic cells (Figs. 4, 7 & 9).The
differentiation of the capsulogenic cell started with the
appearance of a club-shaped structure, which was the
initial stage of the capsular primordium (Fig. 5). Grad-
ually, the initial stage differentiated into the bulbous
primordium and the associated external tube (Figs. 5 &
6). The external tube was later internalized into the
primordium to make the polar filament coils with 6 to
8 turns (Figs. 6, 7 & 9).

The developing polar capsule had a homogeneous
core of medium electron density, surrounded by an
electron-lucent layer and an outer layer of medium
density (Fig. 6). A stopper with a triangular cap-like
cover plugged the apex of each mature polar capsule
(Fig. 6). Maturation of the 2 polar capsules was usually
synchronous (Figs. 7 & 9)

Sporoplasm. As the polar capsule primordium
appeared, the sporoplasm could be easily recognized.
In the mature spore, it filled nearly all the space
beneath the polar capsules (Figs. 4, 7 & 9). The sporo-
plasm contained 2 nuclei (Fig. 4) and exhibited dense
matrices of sporoplasmosomes (Figs. 4, 7 & 9). A small
area of sporoplasm in mature spores was occupied by
glycogen granules that were often vacuolated (Figs. 7
&9).

Valvogenesis. Valvogenesis was initiated by the
gradual envelopment of the capsulogenic cells and
sporoplasm by valvogenic cells. Their nuclei were flat-
tened and located laterally (Fig. 8). In the course of
development, these cells gave rise to the 2 shell valves
surrounding each spore and the sutural ridge joining
the valves (Figs. 7 & 8). At the spore apex, the wall of
the valve formed a triangular thickening (Fig. 7).

DISCUSSION
Light microscopy

Many species of Myxobolus fall within the morpho-
logical and dimensional ranges of the present species.
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Figs. 1 to 6. Fig. 1. Fresh spores of Myxobolus naffari Abdel-Ghaffar et al., 1998. Scale bar = 5 pm. Fig. 2. Longitudinal section in
infected gill filaments showing many plasmodia (P) with hyperplasia in the gill filament epithelia (Hp) and degeneration (D)
along the external surface of the plasmodium. H&E. Scale bar = 0.2 mm. Fig. 3. Electronmicrograph through a part of M. naffari
plasmodium showing the plasmodial wall with a single unit membrane (arrows) from which vesicles (v) originated. The plas-
modial wall is composed of ectoplasm (Ecto) and endoplasm (Endo). Externally, the plasmodium was surrounded by a layer of col-
lagen fiber (Cf) in contact with the host cell (HC) and host nucleus (HN). Scale bar = 2 pm. Fig. 4. Trans-section through mature
spore containing 1 mature polar capsule (PC), sporoplasm (Sp) with 2 nuclei (N1, N2), and sporoplasmosomes (white arrowheads)
and surrounded by valvogenic cells (VC). Scale bar = 1 pm. Fig. 5. Trans-section through disporic pansporoblast consisting of 2
asynchronous spore-producing units, each containing capsular primordium (Cp). Sporoplasm (Sp) with sporoplasmosomes
(arrows). Scale bar = 1 pm. Fig. 6. Trans-section through mature polar capsule (PC). The polar capsule is composed of an electron-
dense outer layer (small arrow), an inner translucent (Lu), and a central dense core. The polar capsules contain polar filament (PF)
and have a triangular plug (P) at the apex. Scale bar = 500 nm
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These include M. muelleri Bitschli, 1882 (cited in Lom
& Dykova 1992); M. aldrichetti Su & White, 1994 from
the gills of Aldrichetta forsteri in Australia; M. cognati
Cone et al., 1996 from the operculum of Cottus cogna-
tus in Canada; M. mesopotamiae Molnar et al., 1996
from the connective tissue of fins of Barbus grypus in
Iran; M. bulbocordis Masoumian et al., 1996 from the
heart region of B. sharpeyi in Iran; and M. naffari
Abdel-Ghaffar et al.,, 1998 and M. imami Ali et al.,
2002, both from the gills of Labeo niloticus in Egypt.
Comparatively, Myxobolus muelleri and M. bulbo-
cordis are larger than M. naffari in all dimensions,
while M. aldrichetti and M. cognati have pyriform po-
lar capsules and lack an intercapsular process, and M.

Figs. 7 to 9. Fig. 7. Trans-section through spore containing
2 mature polar capsules (PC) with their polar filaments
(PF), sporoplasm (Sp) with sporoplasmosomes (white ar-
rowheads) and glycogen vacuole (GV), and surrounded by
valvogenic cells (VC) with a sutural ridge joining the valves
(arrows). Scale bar = 1 pm. Fig. 8. Trans-section through
spore showing the valvogenic cell (VC) with sutural ridge
joining the valves (arrow) and its nucleus (VN). Scale bar =
2 pm. Fig. 9. Electron micrograph showing the fully mature
spore with its 2 fully developed polar capsules (PC) and
their polar filament (PF), sporoplasm (Sp) with its nucleus
(SpN), sporoplasmosomes (white arrowheads), glycogen
vacuoles (GV), and valvogenic cell (VC). Scale bar = 1 pm

mesopotamiae is smaller in all dimensions and lacks an
intercapsular process. M. imami differs from the pre-
sent species in the number of polar filament turns (9 vs.
7) and the absence of an intercapsular process. The
present species matches M. naffariin all morphometric
aspects, host, and site of infection. Therefore, the pre-
sent species can be identified as M. naffari.

Histological impact
In the present study, one host reaction to myxo-

sporean infections is encapsulation of the plasmodia by
the gill's connective tissue (Mitchell 1977). The shape,
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site, and histology of Myxobolus naffari match the
infection of Henneguya creplini (Haaparanta et al.
1994). Also, the infection led to lamellar fusion, hyper-
plasia, lamellar atrophy, and inflammation of cells
around the plasmodia and destruction of a large pro-
portion of the respiratory epithelia that may render the
gills largely nonfunctional due to loss of vital lamellae
by the sheer force of the parasite mass (El-Matbouli et
al. 1992).

Electron microscopy
Plasmodia

The plasmodial wall of the present species consisted
of a single unit membrane, which is similar to that of
some myxoporean species, such as Myxosoma funduli
(Current et al. 1979), Myxobolus exiguus (Pulsford &
Matthews 1982), Kudoa lunata (Lom & Dykova 1988),
and Sphaerospora epinepheli (Supamattaya et al.
1993). However, the plasmodia of other myxosporean
species may exhibit a double unit membrane as in
Henneguya exilis (Current & Janovy 1977) and Myxo-
bolus sp. (Desser & Paterson 1978). The differences in
the nature of the plasmodium wall are thought to be
tissue-dependent (Current & Janovy 1977).

Externally, the plasmodia were surrounded by a
thick layer of collagen fibers similar to that of Henne-
guya adiposa (Current et al. 1979), Myxobolus exiguus
Thelohan, 1895 (Pulsford & Matthews 1982), Thelo-
hanellus nikolskii Akhmerov, 1955 (Desser et al. 1983),
and Zschokkella helmii (Ali et al. 2003).

Sporogenesis

The sporogenesis of Myxobolus naffari was similar
to other described species. The sporogenesis in the
present study showed that the spore developed from
a 10-cell pansporoblast (disporic pansporoblast). Each
spore develops from 5 cells: 2 capsulogenic cells, 2
valvogenic cells, and a binucleated sporoplasmic cell.
Similar studies found a 10-cell pansporoblast in
Myxobolus spp. plasmodia (Pulsford & Matthews
1982, Lom et al. 1989, El-Matbouli et al. 1990). This
might be due to the full maturation of the present
plasmodia, which could explain the lack of the early
stages.

Capsulogenesis

Capsulogenesis of the present species followed the
pattern observed in most myxosporeans. According

to the literature, the endoplasmic reticulum seems to
be the most likely organelle to form the polar cap-
sules. Maturation of the polar capsule of the present
species was synchronous. Similar findings were
obtained by El-Matbouli et al. (1990) and Casal et al.
(1996). After the polar capsule was fully developed, it
was plugged with a stopper. A similar structure was
reported in the genus Myxobolus by El-Matbouli et
al. (1990) and in other myxosporean genera such as
Sphaerospora (Lom et al. 1985) and Kudoa (Lom &
Dykova 1988).

Sporoplasm

In the present species, the sporoplasm was composed
of a single binucleated cell, which is in agreement with
the findings of El-Matbouli et al. (1990), Casal et al.
(1996), and Canning et al. (1999). However, in other
myxosporeans, it was found that the sporoplasm was
composed of 2 separated cells, e.g. in Sphaerospora
renicola (Lom et al. 1983), S. gobioni (Lom et al. 1985),
and S. epinepheli (Supamattaya et al. 1993). Stehr
(1986) detected a third pattern of the sporoplasm com-
posed of a smaller cell with electron-dense cytoplasm
surrounded by a large cell in Kudoa paniformis. An-
other unique sporoplasmic pattern was reported, in
which 4 to 12 sporoplasms were observed in the spore
of Polysporoplasm sparis and P. mugilis (Sitja-
Bobadilla & Alvarez-Pellitero 1995).

The plasmosomes observed in the present material
were generally as reported in other studies (Pulsford &
Matthews 1982, El-Matbouli et al. 1990). In contrast,
plasmosomes were missing in some myxosporeans, e.d.
Sphaerospora epinepheli (Supamattaya et al. 1993) and
Myxidium trachinorum (Canning et al. 1999).

The presence of glycogen bodies in the sporoplasm
is essential in the myxosporean spore for energy sup-
ply for further developmental stages in the spore'’s life
cycle. The present sporoplasm showed small-sized gly-
cogen vacuoles which were similar to those reported in
Myxobolus hendricksoni (Mitchell et al. 1985) and M.
cotti (E1-Matbouli et al. 1990).

Valvogenesis

The spores of Bivalvulida are essentially composed
of 2 shell valves. The present valvogenesis includes the
typical flat valve cell with its flat nucleus. In the pre-
sent material the shell valves lack the microtubules,
which conforms with observations by Stehr (1986),
Lom et al. (1989) and Canning et al. (1999) in the
myxosporean species Kudoa paniformis, Myxobolus
jiroveci and Myxidium trachinorum, respectively.
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