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Parasites belonging to the phylum Microsporida comprise more than 1300 species, which are obligate
parasites of marine fish. These parasites cause tissue atrophy to the infected fish. In the present study,
five (16.66% ) out of 30 examined specimens of Pagrus major (Sparidae) captured off Jizan, the Red
Sea coast of Saudi Arabia, showed natural microsporidian infection. The parasite formed tumor masses
or plasmodia in the muscle tissue and the intestinal epithelium of the peritoneum. The microsporidium
was characterised by light as well as transmission electron microscopy (TEM). Light microscopy studies
showed xenomas encircled by a fibrous layer enclosing the various developmental stages. Mature spores
were 1.7+0.6 (1.5-2.7) um long and 1.54+0.3 (1.2— 1.8) um wide, with an apparent posterior vacuole.
Examination of ultrathin sections by TEM revealed the presence of uninucleated spores with anterior la-
mellar polaroplast and lateral 5-8 polar filament coils with electron dense centre. Generative cells were the
early recognised stages underneath the surface coat, followed by uninucleated, binucleated, multinucleated
meronts, sporoblasts and finally immature and mature spores. Xenomas as well as developmental stages of
the parasite compared with microsporidian species recorded previously form different geographical areas,
showed that the microsporidium belonged to Pleistophora pagri described from Pagrus pagrus.
Plasmodia, Pleistophora pagri, Ultrastructure, Marine fish, morphology.

Introduction

Microsporidia are single-cell pathogens related to
the Fungi (VAVRA & Lukes 2013). More than 1300
species of over 187 genera belonging to the phylum
Microsporidia were recorded as parasites of many
organisms, from invertebrates to humans (AZEVEDO
& Maros 2002, 2003, BECKER & SpPEARE 2004).
Habitats and infected host species are the main cate-
gories for successful classification of microsporidia,
often in association with molecular tools as com-
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plementary (BELL et al. 2001, SMALL et al. 2014).
Studying the type species and taxonomy of the re-
covered Microsporidia required a detailed ultras-
tructural description at the different stages of their
plasmodia (NILSEN et al. 1998, BELL et al. 2001).
Until now, about 156 species of Microsporidia in-
fecting fishes have been recorded. Heavy infection
with these parasites leads to severe muscle atrophy,
body deformities and unpleasant taste for consumers
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and, finally, to economic loss, especially for com-
mercial fishes (CasaL et al. 2008, JoH et al. 2007).
Members of the genus Pleistophora Gurley, 1893
form xenomas in vertebrate animals, especially in
bony fishes; they can be transmitted to healthy hosts
by minute uninucleated spores released through
plasmodial rupture (FIELDING et al. 2005).

The aim of the present study is to present ul-
trastructural characteristics of the microsporidium
Pleistophora pagri isolated from muscle tissues as well
as epithelium of different viscera of the red sea bream
Pagrus major (Temminck & Schlegel, 1843) inhabit-
ing off Jizan coasts of the Red Sea in Saudi Arabia.

Materials and Methods

A total of forty five red sea bream snappers Pagrus
major (Sparidae) were collected from water loca-
tions along the Red Sea at Jizan coasts (16.8894° N,
42.5706° E) during the period January — April 2018.
Fish were transported alive in ice boxes filled with
the same water source to the laboratory of parasitol-
ogy, where they were identified and further exam-
ined. After dissection, microsporidian infection was
detected by the presence of xenomas (plasmodia)
along the internal viscera and host muscles. Further
elucidation of infection was carried out by spreading
the contents of one plasmodium between glass slide
and a cover slip. Fresh spores were photographed by
Zeiss photomicroscope (135 Axiovert) equipped by
a digital Canon camera. Morphometrics of spores
were documented according to Lom & ARTHUR
(1989) and expressed as mean + standard deviation
with the range in parentheses. For TEM, the parasite
plasmodia were fixed in 3% buffered glutaraldehyde,
pH 7.4 for 3h and post—fixation in osmium tetroxide
(2%) for 2h were employed. Samples were dehy-
drated in a graded ethanol series. Embedding was
in Spurr’s resin. One micrometer thick semi—thin
sections cut on Leica ultracut (UCT) ultramicrotome
and further stained in toluidine blue were examined.
Uranyl acetate and lead citrate were used for staining
ultrathin sections which were examined with Jeol
1220 transmission electron microscope. Infection
parameters are as defined in BusH et al. (1997).

Results

Five out of 30 (16.66%) fish were naturally infected
with tumor like masses up to 3 mm spread over the in-
testinal epithelial lining as well as muscle tissue (Fig.
1). The parasite was recorded with a high prevalence
during winter. After rupture of xenomas, the liberated
spores (Fig. 4) were morphologically examined by
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light microscopy. They were ellipsoid with a posterior
vacuole. No extruded polar filaments were observed.
Spores measured 1.7+0.6 (1.5-2.7) um x 1.5+0.3
(1.2-1.8) um. Examination of semi—thin sections re-
vealed the presence of fibrous layers covering plas-
modia which were in close contact with the cytoplasm
of the hypertrophied host cell (Figs. 3, 4). Several
developmental stages were recorded in the ultrathin
sections of the parasite xenomas examined by TEM.
It was observed that plasmodia were covered by an
amorphous coat (Fig. 6) surrounding developmental
stages of the parasite. Spores were seen in aggregates
called sporophorous vesicles and surrounded by a
sporophorous wall (Fig. 7). The number of the spores
within vesicles was not counted due to the sectioning
plane during ultrathin sections preparation. The spo-
rophorous wall surrounding vesicles constituted of
two layers derived from cisternae of endoplasmic re-
ticulum (ER) (Fig. 8). The generative cells (GC) were
the first to be recognized within xenomas below the
surface coat, while meronts were the following stages
produced from the progressive development of GC.
Plasmotomy of meronts yielded in sporonts which
producing later sporoblastsls. Sporoblasts (Figs. 9,
10) further matured (Figs. 11, 12) and finally trans-
formed into immature spores (Figs. 13—15). Polar fila-
ment formation, exospore development as well as cell
elongation were the trademarks of beginning the stage
of sporogenesis. Mature spores were uninucleated, el-
lipsoid (Figs. 16—18) with an anterior central anchor-
ing disc (Figs. 19-25). Polaroplast, the laminar mem-
brane system, was composed of closely and loosely
packed membrane regions (Figs. 18, 19). Exospore
was the outer thick, electron dense layer covering ma-
ture spores while the endospore was the interior thin
layer (Fig. 26). Polar filament of each spore formed
5-9 coils encircled around posterior vacuole (Figs.
16-20, 27). Each coil was divided into three distinct
areas in cross section: outer dense, electron transpar-
ent layer, and the amorphous inner layer (Fig. 27).
Based on the light and ultrastructure features as well
as the infection site the detected in Pagrus major mi-
crosporidium was determined as Pleistophora pagri.

Taxonomic summary

Parasite: Pleistophora pagri Morsy et al., 2012
(Microsporidia, Pleistophoridae).

Locality: off Jizan coasts (16.8894° N,
42.5706° E), Red Sea.

Host: Red Sea Bream Pagrus major (family
Sparidae).

Site of infection: Tumor like masses embedded
in host muscles and in epithelia of visceral organs.

Prevalence: Five out of 30 (16.66%).
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Figs 1-5. 1. Pagrus major infected with the microsporidian parasite Pleistophora pagri. The infection appears in the
form of brownish xenomas (XE) embedded in the viscera of peritoneum. Scale bar 1 cm. 2—7. Photomicrographs: 2.
Unfixed, free fresh spores (S) released after rupture of cysts. A posterior vacuole (PV) is observed away from the spore
apex. Scale bar 10 um. 3, 4. Semi—thin sections through part of a xenoma stained with toluidine blue. Note that xenoma
bordered by a thin wall (XW) of parasite origin and covered by a layer of connective tissue of host origin (HCT). Scale
bar 20 pm. 5. TEM micrograph showing top view of a xenoma with different developmental stages of the parasite ar-
ranged within sporophorous vesicle (SV) limited by sporophorous vesicle wall (SVW). The stages include generative
cells (GC), sporoblasts (SP), immature and mature spores (S). Scale bar 10 pm.
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Figs 6-15. TEM micrographs. 6. Periphery of a xenoma showing the surrounding fibrillar cyst wall (XW) covered
by a layer of connective tissue of host origin (HCT), generative cells (GC) are the early recognizable stages below
the cyst wall, immature and mature spores (S) appeared as going to the cyst interior. A posterior vacuole (PV) is
observed situated away from the spore apex. Scale bar 2 um. 7. Part of a xenoma showing the different develop-
mental stages: sporoblasts (SP) and mature spores (S); they are mostly included within special structures known as
sporophorous vesicle (SV) limited by sporophorous vesicle wall (SVW). Scale bar 2 um. 8. The surrounding double
layered sporophorous wall (SVW) surrounding spores. Scale bar 500 nm. 9, 10. Early stages of sporoblasts (SP)
and their developing polar filaments (PF). Scale bar 500 nm. 11, 12. Advanced stages of sporoblasts with developed
polar filaments (PF), polaroplasts (PP) and cell organelles such as endoplasmic reticulum (ER). The posterior vacu-
ole (PV) appeared in these stages. Scale bar 500 nm. 13—15. Immature spores surrounded by incompletely formed
membranes. Extrusion apparatus still missing at this stage, only the polar filament coils (PF) were observed. Scale
bar 500 nm.
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Figs 16-27. TEM micrographs. 16—18. Nearly mature spores. They are uninucleated (N). Posterior vacuoles (PV) are
absent in the early stages and appear in the progressive stages of spore maturation. Completely formed filament coils,
polar tube as well as polaroplast membranes are observed. Scale bar 500 nm. 19, 20. Mature spores with completely
formed spore apex with the extrusion apparatus composed of the anchoring disk or polar cap (PC), which is formed of a
cap-like structure that plugged the anterior portion of the spore. Polar filament coils (PF) and polaroplast (PP) are seen.
Scale bar 500 nm. 21-25. Cross sections of mature spores showing the polar filament (PF). 26. Membranes covering
spore in the form of an outer thick exospore (EX) and an inner thin endospore (EN). Scale bar 500 nm. 27 Details of
the filament coils (PF) arranged in one row at each side of the posterior vacuole; each coil consists of three layers: an
outer, inner dense layers and a middle lighter one. Scale bar 100 um.
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Discussion

Totally, 156 microsporidian species have been re-
corded infecting fish; they are classified in 14 gen-
era (AZEVEDO & MAT0S 2002, Lom & NILSEN 2003).
Infections caused by microsporidian parasites are the
main cause for muscle destruction and tissue atrophy
(LoM & Dykova 2005, STENTIFORD et al. 2013). The
microsporidium recorded in the present study was
detected as tumor masses embedded in muscle tis-
sues as well as in organ epithelia; this observation is
in agreement with CAsAL et al. (2008) and Lovy et
al. (2007). The infected fish with these parasites pos-
sesses opaque, unflashy muscles, which is unpleas-
ant for consumers (SUTHERLAND et al. 2000, 2004).
After infection, the parasite attacks host cells where
they developed and proliferate (DYkKovA & Lom
1978). According to Vavra & LUKEs (2013), mem-
bers of the Microsporidia were differentiated by the
shape of spores and their polar filament coils num-
ber. The TEM investigations in the present study re-
vealed that different developmental stages observed
within the plasmodia were in accordance with those
recorded previously from different microsporidian
xenomas (STEPHENS 2009, ABDEL-GHAFFAR et al.
2011). The prevalence of infection for the parasites
recorded was high during winter, in agreement with
FIELDING et al. (2005), who reported that the infec-
tion with P. mulleri isolated from Gammarus due-
benicelticus during winter was 44.9% versus 8.5 %
during summer. BECKER & SPEARE (2004) reported
that the plasmodia number in the infected fish de-
creased by decreasing water temperature.

Xenomas recovered in the present study were
compared with the most similar xenoma—induc-
ing Microsporidia. Glugea Thélohan, 1891 differed
from the parasite recorded in this study by the pres-
ence of a surface plasmalemma with tubular ex-
tensions, numerous folds and pinocytotic vesicles.
Ichthyosporidium Caullery & Mesnil, 1905 is dis-
tinguished by different arrangement and granular
content of the developmental stages within xeno-
mas (Lom 2002). Microgemma Ralphs & Matthews,
1986 possesses xenomas with microvilli-bearing
coats, which are not recorded herein. Amazonspora
Azevedo & Matos, 2003 were characterised by the
presence of collagen fibres arranged as 22 crossed
layers. Nosemoides Vinckier, 1975 possesses bino-
clueated spores. The microsporidium spores detect-
ed in the present study are uninucleated. 7etramicra
Matthews & Matthews, 1980 is distinguished by its
entire labellum, which is the characteristic feature
discriminating this genus. Sporonts represent one of
the main developmental stages observed during the

TEM examination of the present ultrathin sections,
while members of Spraguea Vavra and Sprague,
1976 lack these stages and the schizont stages devel-
op directly into sporoblasts (MANSOUR et al. 2013).
Xenomas of the present microsporidium were re-
corded as tumor like masses containing its develop-
mental stages (generative cells, meronts, sporoblasts
and spores); these observations coincide with those
on P. pagri by MoRrsy etal. (2012), who have isolated
and described previously this species from Pagrus
pagrus in Egypt. Also, the presence of 10—15 spores
encircled within sporophorous vesicles is in accord-
ance with the description of CANNING & NICHOLAS
(1980) for P. typicalis. The number of coils within
each spore was 5-8, with electron dense centres and
a polaroplast (laminar membrane system) as the first
apparent vacuole, similar to the records of Lom &
Coruiss (1997) for P. hyphessobryconis and MORSY
et al. (2012) for P. pagri. Since the infection site and
the type of developmental stages within plasmo-
dia correspond to those recorded for Pleistophora
pagri from Pagrus pagrus, we determined the mi-
crosporidium recovered from P. major as P. pagri
with new host and locality records. Comparison be-
tween spore measurements for the present parasite
and those recorded for different microsporidians is
shown in Table 1.
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