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Abstract

Fresh muscle samples from water buffalo (Bubalus bubalis) aged 2—15, from Giza Province, Egypt; were examined for Sar-
cocystis infection. Macroscopic ovoid sarcocysts embedded in the muscle tissues of the examined buffaloes were detected;
they measured 152-230 (210 + 7) um in length and 37-119 (95 £ 3) um in width. The esophagus was the most infected organ
followed by the diaphragm, and tongue, while the heart muscles were the least infected. The cyst cavity was compartmental-
ized by septa derived from the ground substance located under the primary cyst wall. Using transmission electron microscopy,
the primary cyst wall bordered sarcocysts were determined to be 0.08-0.22 um in thickness, raised from the parasitophorous
vacuolar membrane, and surrounded by a secondary cyst wall of host origin. The primary cyst wall had irregular wall folds with
numerous cauliflower-like projections of variable sizes and shapes accompanied by knob-like electron-dense elevations. 18S
rRNA gene expression studies confirmed that the present parasite isolates belonged to the genus Sarcocystis. The sequence
data showed significant identities (>90%) with archived gene sequences from many Eimeriidae organisms, and a dendogram
showing the phylogenetic relationship was constructed. The most closely related species was Sarcocystis fusiformis KR186117,
with an identity percentage of 98%. The recovered sequences were deposited in the GenBank under the accession number
MGS572125. The present study, to our knowledge, is the first collective ultrastructural and molecular study that confirmed the
taxonomy of sarcocysts isolated from water buffaloes in Egypt as Sarcocystis fusiformis.
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Introduction

of sarcocysts infection in humans are meat and meat-deriva-
tives, through ingestion of well-developed tissue cysts con-

Sarcocystosis is a zoonotic and protozoan disease, often preva-
lent in domesticated animals such as buffaloes, cattle, and
pigs. Sarcocystis is an intracellular, cyst-forming coccidian
parasite under the phylum Apicomplexa and family Sarco-
cystidae, with two obligate hosts: a definitive carnivorous host
and an intermediate omnivorous or herbivorous host (Fayer
et al. 2015; Cerqueira-Cezar et al. 2017). Complications from
the pathogen in domestic cattle’s may lead to severe fatalities
such as abortion, reduced milk yield, neurological signs, and
weight loss. Infection with macroscopic sarcocystis leads to
a low market profile for the meat along with condemnation of
the infected hosts (ElI-Morsey et al. 2015; Calero-Bernal ef al.
2016; Chen et al. 2017; Verma et al. 2017). The main sources

taining bradyzoites (Abu-Elwafa et al. 2015; Daptardar et al.
2016; Gjerde et al. 2016). The Indian water buffalo (Bubalus
bubalis) acts as a natural reservoir that harbors the four named
species of Sarcocystis: S. fusiformis, S. buffalonis, S. levinei,
and S. sinensis (Gjerde 2016 a, b; Gjerde et al. 2017). Infection
of Egyptian buffaloes by two Sarcocystis species (S. fusiformis
and S. /evinei) was revealed in a study by El-Dakhly et al.
(2011). A similar study was carried out in Sohag, Egypt by
Khalifa et al. (2008), and they reported the detection of
three Sarcocystis sp. and a macroscopic fusiform shaped
S. fusiformis (Scioscia et al. 2017).

Hence, the present study aimed to describe the morpho-
logical characterization of sarcocysts isolated from different or-
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gans of slaughtered Bubalus bubalis by light and transmission
electron microscopy. Additionally, molecular characterization
of the recovered 18S rRNA sequences was performed out and
compared with sequences for the same genus previously de-
posited in the GenBank in order to determine the exact taxo-
nomic position within Sarcocystidae.

Materials and Methods

Sample collection and light microscopy

A total number of 35 adult male buffaloes Bubalus bubalis
(Mammalia: Bovidae) freshly slaughtered at El-Bassatine
Abattoir, Egypt; were surveyed for the presence of Sarcocys-
tis macrocysts during 2015. These sentence should be changed
into: " Tissue samples from the slaughter house were pre-
served in ice bags according to Huong (1997) and transferred
to the Laboratory of Parasitology, Faculty of Science, Cairo
University, Egypt for later examination. Specimens were
stored under refrigeration prior to examination. Macroscopi-
cally visible sarcocysts were excised from the esophagus,
heart and diaphragm muscles, while small pieces of infected
muscles containing visible sarcocysts (1-3 mm long and about
0.2 mm wide) were also collected. The excised sarcocysts and
muscle tissue were preserved in 10% buffered formalin for
light microscopy, 3% buffered glutaraldehyde for transmis-
sion electron microscopy and 70% ethanol for molecular stud-
ies. For the histopathological examination, buffered formalin
solution 10% (pH 7.3) was used to immobilize small (3 mm)
pieces of infected muscle samples for at least 12 hours. Phos-
phate buffer was used to wash the samples for 10 min two to
three times; specimens were dehydrated in a gradual ethanol
series (50%, 70%, 80%, 90%, 96% and 100%), cleared in bu-
tanol and were finally embedded in paraplast at 62°C. Sec-
tions of 5-7 um thickness were prepared using the rotary
microtome. After removing the wax, sections were hydrated in
a descending series of ethanol and finally stained with Haema-
toxylin and Eosin. The stained sections were examined by a
photomicroscope (Zeiss Research) and were photographed by
the attached digital camera (Canon).

Transmission electron microscopy

Very small pieces from the highly infected muscles were fixed
in 3% glutaraldehyde in 0.1 M sodium cacodylate buffer (pH
7.3) for at least 24h. Samples were washed four to five times
in the same buffer, for 10—15 min each, and were treated with
2% (w/v) osmium tetroxide, rewashed in the buffer, and rinsed
in 1% (w/v) uranyl acetate—phosphotungstic acid in ethanol
(Mollenhauer 1964). Finally, samples were dehydrated in an
ascending series of ethanol, treated with propylene oxide and
embedded in araldite mixture (SERVA). Semi-thin and ultra-
thin sections were cut on a Reichert Ultracut with glass knives.
Ultrathin sections were examined with a Jeol EM.

Molecular analyses

From the ethanol preserved samples, genomic DNA was ex-
tracted from sarcocysts with a QIAmp DNA Mini Kit (Qia-
gen, Germany) according to manufacturer’s instructions, and
were stored at —20°C. PCR reactions were carried out on the
isolated sarcocysts using the common primers (S18S F:
5'GGCTGCATGTCTAAGTATAAG3’, S18S R: 5'GCCTCT
AAGTGTTAAGGTTC3') according to Yan ef al. (2013), to
target the 18S rRNA gene in a final reaction, volume of 50
pL containing 1 pL of DNA template (100 ng), 0.5 pL
(50 pmol) of each primer, 2 uL. of dNTPs (Advanced Bio-
enzymes, UK), 1 pL DNA polymerase (2 U) (Advanced Bio-
enzymes, UK), 5 pL of 10x buffer (500 mM KCl, 100 mM
Tris HCI pH 9.0, 1.5 mM MgCl,), and 40 pL of dist. H,O.
Initial denaturation occurred at 94°C for 4 min, with 40 cy-
cles of denaturation at 94°C for 1 min, annealing at 55°C for
1 min, extension at 72°C for 90 sec, and then a final exten-
sion at 72°C for 1 min. The amplification reactions were car-
ried out in a PCR Thermocycler (PTC 100, MJR Research,
USA). Two microliters of bromophenol blue were added to
the aliquots of PCR products and the corresponding ampli-
cons were electrophoresed on 2.5% agarose gel, stained with
ethidium bromide, visualized using a UV transilluminator,
and photographed.

Sequencing and phylogeny

PCR product was purified with a purification kit (Roche Di-
agnostics, Germany), and sequencing templates were pre-
pared using a plasmid preparation kit (Machery-Nagel) and a
BIO Dye Terminator v 3.1 Ready Sequencing Kit (Applied
Biosystems) and 310 Automated DNA Sequencer (Applied
Biosystems, USA) using universal forward and reverse
primers. To identify related sequences, a BLAST search was
carried out on the NCBI database. Data of DNA sequences
were aligned using CLUSTAL-X multiple sequence align-
ment (Thompson et al. 1997) and compared with previously
recorded data from Genbank to analyze the intra-specific dif-
ferences. The alignment was corrected manually using the
alignment editor on the software BIOEDIT 4.8.9 (Hall 1999).
A phylogenetic tree was constructed using MEGA version
4 (Tamura et al. 2007). Neospora caninum BD225295 was
employed as an out-group.

Results

In the present study, preliminary surveillance of the herds at
the slaughter house indicated that there were a few animals
with noticeable weight loss and imbalance with no tendency
to move, and when they did they were mostly unstable.
Post-slaughter, the infected animals showed enlargement
and color change of the heart. In total, 18 out of 35 (51.4%)
of the examined buffaloes were found to be harboring
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Fig. 1. 1 — Photograph showing a section of buffalo esophagus heavily infected with sarcocysts (arrows) of Sarcocystis fissiformis. The infection
appeared as macroscopic and whitish sarcocysts are embedded in the host muscles. 2-5 — Photomicrographs showing the following: 2,3 — His-
tological sections through host esophagus muscles infected with a parasite sarcocyst within parasitophorous vacuoles (PV) and stained with
hematoxylin and eosin (H&E). The cyst is bordered by a cyst wall (CW) underlined by a layer of ground substance (GS) extended into the inte-
rior of the cyst as septa (SE) dividing it into compartments enclosing the parasite merozoites (ME) (140%, 560x). 4-5 — Semi-thin sections through
a sarcocyst stained with toluidine blue showing cyst compartments (CM) separated from each other by septa (SE) (240%, 400x)
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whitish cysts. The infection was observed to be macroscopic
cysts embedded in the muscle tissues (Fig. 1). They meas-
ured between 33.5-63.5 pm (mean 46.3 =2 pum) in width,
and 66.3—182 um (mean 75 £ 4 um) in length. The esoph-
agus was the most infected organ followed by the di-
aphragm, tongue, and muscles, while the heart was the least
infected organ.

Light microscopy

Ovoid sarcocysts were observed in freshly isolated muscle
samples with dimensions of 152-230 um (mean 210 £+ 7 pm)
in length and 37-119 pm (mean 95 + 3 um) in width. Histo-
logical sections (Figs. 2, 3) through the muscle tissue and its
sarcocysts showed that the cyst cavity was divided into many

Figs 6-10. Transmission electron micrographs of ultrathin sections through the parasite sarcocyst showing the ultrastructural characteristics
of the recorded sarcocysts. 6 — The primary cyst wall (PCW) underlined by a layer of thick ground substance (GS) extended into the interior
ofthe cyst as septa (SE) dividing it into compartments. External to the primary cyst wall is a secondary cyst wall (SW) of host origin (13,000x).
7-9 — The primary cyst wall has cauliflower-like protrusions (PT) of variable size and shape with knob (KB) like structures surrounding the
outer layer of each protrusion. Fig. 7 (16,000x), 8,9 (20,000%). 10 — High magnification of the primary cyst wall showing a protrusion with

its internal microtubules (MT) (22,000x)
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Figs 11-13. Transmission electron micrographs showing the following: 11 — Part of the interior of a sarcocyst just underneath the primary
cyst wall. The cyst is divided into compartments separated by septa (SE) filled with mother cells or metrocytes (MC). Metrocytes retained
most of the apical complex structural characteristics such as micronemes (MN), rhoptries (RH), amylopectin (A), and nucleus (N), 11,400%.
12 — Different cross-section levels through cyst merozoites (ME). These stages exhibit the apical complex structural elements of motile in-
fective stages as micronemes (MN), rhoptries (RH), micropore (MP) and conoid (C), 17,000x. 13 — High magnification of the apical com-
plex region of a merozoite showing its elements; the anterior polar ring (APR) is the terminal part of the merozoite, the mechanical penetrating
organ represented by two conoids (C), and the secretory organelles are represented by micronemes (MN) and rhoptries (RH), 22,000%

chamber-like compartments separated from each other by tions through sarcocysts, the cyst compartments were enclosed
septa derived from the ground substance, which was located  and surrounded by the primary cyst wall underneath a ground
under the primary cyst wall. In the examined semi-thin sec-  substance. Two types of parasitic stages were observed within
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the cyst; metrocytes that acquired a faint stain with toluidine
blue located directly under the ground substance and cyst
merozoites that filled most of the cyst‘s interior area, which
was darkly stained with toluidine blue (Figs. 4, 5).

Transmission electron microscopy
In the present study, examination of ultrathin sections through

the isolated macroscopic sarcocysts showed that all of the
cysts examined bordered by a clearly primary cyst wall (Figs.

6—-10) of 0.08-0.22 um thickness had developed from the par-
asitophorous vacuolar membrane. An easily observable sec-
ondary cyst wall also presided. A crucial identification factor
for species identification such as the structure of the primary
cyst wall had revealed that this wall, irregular folds with nu-
merous cauliflower-like projections or protrusions of variable
sizes and shapes. Additionally, knob-like electron-dense ele-
vations accompanied by projections were observed (Figs.
8—10). Within the projections, many fibrillar elements were
observed (Fig. 10). Numerous vesicles, vacuoles, and mito-

Fig. 14. Multiple sequence alignment between 18S rRNA gene sequences of the query Sarcocystis fusiformis (MG572125) and some species
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Table I. Sarcocystis species used for the phylogenetic analysis of the sarcocysts recovered in the present study

Species Accession Intermediate Host Final Sarc.ocyst Identity Site of infection Morphology Reference
number host size
S. fusiformis KR186117 Cattle, Cat China Macrocysts 98% Oesophagus, tongue, Thin cyst wall (1-3 pm in thickness) Gjerde et al.
Water diaphragm and throat muscle projecting highly branched villar 2016
buffalo protrusions.
S. buffalonis KU247912 Water Cat Sweden Macrocysts 97% Oesophagus, tongue, Thick cyst wall (4-6 pm in thick- Gjerde et al.
buffalo diaphragm and throat ness) projecting highly branched 2015
muscles villar protrusions
S. hirsuta AF176940 Cattle Cat New Microcysts 97% Heart, diaphragm and The membrane possessed villar Yang et al.
Zealand oesophagus projections which were folded to 2001
form two to four conical projections.
S. gigantea KC209733 Sheep Cat Australia Macrocysts 96% Tongue, oesophagus cauliflower like protrusions Gjerde
and flank. 2013
S. masoni KUS527113  Camelids Dog Argentina Microcysts 96% Neck and lumbar region The wall (2:5-3-5 pum thick ) was More et al.
and Peru striated with conical to cylindrical 2016
villar protrusions
S. scandinavica  EU282020 Moose Dog Norway Macrocysts 95% Heart, diaphragm and ~ Spindle shaped cysts, 1.0 x 0.1 mm, Stina et al.
Coyote oesophagus with up to 10 um long, thin, 2008
finger-like surface protrusions
S. hominis AF176945 Cattle Human China Macrocysts 95% Heart, diaphragm and Thick-walled cyst (5.9 um), cyst size Yang et al.
oesophagus 787 x 112 pm, villar protrusions were 2001
cylindrical, oriented nearly
perpendicular to the sarcocyst surface
S. alceslatrans EU282033 Moose Dog Canada Microcysts 94% Heart, diaphragm and Several mm long, thread-like cysts, Stina et al.
Coyote oesophagus their surfaces with about 10.0 pm 2008
long, thin, flexible, and hair-like
protrusions
S. tarandi EF056018 Reddeer  Felines Northeastern Macrocysts 94% Heart and diaphragm 0.5-2 mm slender spindle shaped Dahlgren
Norway. cysts with thin, straight, finger-like and Gjerde
surface protrusions 2007
S. tenella 124383 Sheep Dog Sweden Macrocysts 93% Tongue, diaphragm, The cyst wall with villiar-like Ellis et al.
Coyote masseter, limb protrusions about 3.5 um long 1995
and intercostals
S. cafferi KJ778010 African Cat  South Africa Macrocysts 91% Heart, skeletal muscle, The cyst wall is up to 3.6 um thick Dubey et al.
buffaloes and tongue with an outermost parasitophorous 2014

vacuolar membrane lined with an
electron dense layer, 25 nm thick
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EF056018.1 Sarcocystis tarandi
L24383.1 Sarcocystis tenella
EU282033.1 Sarcocystis alceslatrans
1 KU527113.1 Sarcocystis masoni
EU282020.1 Sarcocystis scandinavica
AF176945.1 Sarcocystis hominis
KU247912.1 Sarcocystis buffalonis
AF176940.1 Sarcocystis hirsuta
MG572125 Sarcocystis fusiformis
0.2 AF176926.1 Sarcocystis fusiformis
KC209733.1 Sarcocystis gigantea
KJ778010.1 Sarcocystis caffen

0.7

AF012884.1 Sarcocystis moulei
BD225295 1 Meospora species

01

Fig. 15. A dendogram showing the phylogenetic relationship based on 18S rRNA gene sequences. The evolutionary history was inferred
using the neighbor-joining method. The evolutionary distances were computed using the Maximum Composite Likelihood method. The
analysis involved 14 nucleotide sequences. There were a total of 140 positions in the final dataset. Evolutionary analyses were conducted in
MEGA 4. Neospora caninum BD225295 was employed as an out-group

chondria of the host cell were observed surrounding these pro-
jections. In longitudinal sections, these protrusions measured
0.49-0.83 um (mean 0.67 = 0.02 pm). Under the primary cyst
wall, a relatively thick homogenous ground substance was ob-
served with 0.074—0.53 pm (mean 0.29 pm) thickness. The
ground substance (Fig. 11) extended to the inside of the cyst
as septa divided the cavity into compartments containing the
parasite merozoites and metrocytes. The globular metrocytes
occupied the peripheral portion of the cyst directly under the
ground substance, while the banana-shaped merozoites were
concentrated in the central region. Metrocytes were struc-
turally similar to merozoites, but did not possess a conoid and
had less osmiophilic cytoplasm. They were oval to globular
in shape with a relatively large nucleus, and were 6.5-8.4 pm
(mean 7.1 +£ 3 pm) long and 9.1-10.4 pm (mean 9.7 + 3 pm)
wide. Metrocytic lipid droplets were removed. Also, large
amylopectin granules were observed in the cytoplasm, meas-
uring 0.44-0.63 um (mean 0.57 = 0.02 um) in length. Mero-
zoites of the isolated sarcocysts (Fig. 12) showed the same
ultrastructural patterns as the apicomplexan merozoites of
Eimeriidae organisms. These stages were banana shaped, with
a blunt posterior and pointed anterior end. They were 13.2—
16.4 um (mean 13.9 £4 um) long and 2.9-6.4 pm (mean 5.3
+ 2 um) wide. The outer boundary of each merozoite consisted
of two layers; an outermost plasmalemma and an inner mem-
branous layer together formed the pellicle. Ultrastructurally,
the apical complex (Fig. 13) of the sarcocyst merozoites con-
sisted of the following: the pellicle was the outer covering of
each motile infective stage (merozoite), formed of three lay-
ers, the outer most plasmalemma, the intermediate electron-
pale space, and an inner membranous double layer complex.
A conoid was observed at the anterior polar ring; this was a
hollow cone-like structure consisting of spirally arranged fib-

rillar structures with one or two conoidal rings. Rhoptries were
located in the anterior region; they are paired club-shaped and
dense structures with a gland like appearance. Micronemes,
unlike the implication of their name, are structures shaped like
rice grains and were numerous filling the whole anterior re-
gion.

Molecular analyses

Construction of DNA sequences using forward and reverse
primers resulted in a fragment containing 215 consensus nu-
cleotides. Sequence data from the SSU rRNA gene of the pres-
ent sarcocysts showed significant identity with archived SSU
rRNA sequences from many Eimeriidae organisms (Figs.
14,15; Table I). The percentage of identity between them and
the species under investigation was recorded. S. fusiformis
KR186117 had the highest degree of sequence identity (98%)
to those of the present species, followed by S. buffalonis
KU247912.1 (97%), S. hirsuta AF176940.1 (97%), S. gigan-
tea KC209733.1 (96%), S. masoni KU527113.1 (96%),
S. scandinavica EU282032.1 (95%), S. hominis AF176945.1
(95%), S. tarandi EF056018.1 (94%), S. alceslatrans
EU282033.1 (94%), and S. tenella 1.24383.1 (93%), while the
lowest degree of sequence identity was observed for S. cafferi
KJ778010 (91%). The recovered sequences were deposited in
the GenBank under the accession number MG572125.

Discussion

A wide range of mammals harbor Sarcocystis, and it is un-
common in ectothermic vertebrates (El-Morsey et al. 2015,
Dubey et al. 2017). The coccidian nature of Sarcocystis was
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elucidated by (Fayer 1972, Rommel et al. 1972, Jékel 1995,
Oryan ef al. 1996, Mor¢ et al. 2016). El-Bassatine Abattoir
showed a high infection profile in slaughtered buffaloes, lead-
ing to the indication that these domestic animals are at a high
risk of infection because of their surreal inter-relationships
+with each other. The indication that this parasite is highly con-
tagious agrees forth with the studies performed by Collier ef al.
(1998), which observed that it was involved in zoonotic trans-
mission, sporocystic sheddings, and concomitant resistance of
oocysts in an external micro-environment. Similar results were
previously reported from studies on domestic mammals, and
were as high as 100% in sheep (Ford 1987), 93% in donkeys
(El-Ganayni 2003), 90% in cattle (Fukuyo et al. 2002), 73.1%
in lions in Argentina (Moré et al. 2011) but, Khalifa et al.
(2008) reported 84% in cattle and 28% in buffaloes in Sohag,
Egypt. In goats, a percentage of 77% (Al-Hoot et al. 2005) and
79.4% (Morsy et al. 2011) were recorded. Horses were found
to be 93% infected in Mongolia (Fukuyo et al. 2002), while,
Sakran et al. (2013) stated that it was 25%. In camels, a per-
centage of 64% of animals were recorded to be infected
(Abdel-Ghaffar ef al. 2009, Al-Quraishi et al. 2005). In pigs, in-
fection percentages of both 68% (Lukesova et al. 1986), and
34.7% (Grikieniené¢ 1994) have been recorded, while in cats,
the percentage found varied from 17.6% (Lukesova et al.
1986), to 10% (Gillis ef al. 2003), and 0.03% (Barutzki and
Schaper 2011). In birds, 36.5% (Cerna 1984), 62% (Olias et al.
2011), 8% in common moorhen (Gallinula chloropus) (EI-
Morsey et al. 2013), and 25% in jackdaw (Corvus monedula)
(Praka et al. 2013) were reported, and buffaloes in Assiut
Province were found to be 25.5% infected (Metwally et al.
2014). Sarcocysts vary in morphology depending on species
and age (JyothiSree et al. 2017). Common shapes are filamen-
tous, elongated, or globular (Dubey ef al. 1989). At the same
time, authors have reported Sarcocystis with different forms
according to its species: they were stumpy, as in S. zamani
(Mehlhorn et al. 1976); spindle-shaped, as in S. idahoensis
(Bledsoe 1980); streak-like, as in S. crotali (Entzeroth et al.
1985); slender, as in S. clethrionomyelaphis (Matuschka 1986);
spherical, as in S. hoarensis (Matuschka et al. 1987); ovoid, as
in S. moulei (Abdel-Ghaffar et al. 1989); filiform, as in S.
dubeyella (Stolte et al. 1998); ellipitical, as in S. felis in cats
(Elsheikha et al. 2006); or thick thread-like, as in Sarcocystis
corvusi in jackdaw (Prakas et al. 2013). As mentioned earlier,
the morphological characteristics of the primary cyst wall play
a pivotal role in the genus identification of Sarcocystis
(Mehlhorn and Heydorn 1978, Dubey et al. 2006). According
to the primary cyst wall, mature sarcocysts are basically dif-
ferentiated into thick-walled, if the outer portions of their walls
have prominent long projections, and thin walled, if these pro-
trusions are short or disappear (Dar ef al. 2017). Henceforth,
the comparative parameter of species differences should be re-
stricted to mature cysts (Bashtar ef al. 1988, Abdel-Ghaffar
et al. 1990, 2009, Modry et al. 2000, Mehlhorn 2008, Latif
et al. 2015) because young cysts are somewhat similar. In the
present study, a unipolar membrane limited coccidian para-

sitophorous vacuole led to the rise of recovered macroscopic
sarcocysts (Scholtyseck et al. 1974, Mehlhorn and Heydorn
1978, Abdel-Ghaffar ef al. 1989, Abdel-Ghaffar and Al-Johany
2002, Al-Quraishi et al. 2005, Gjerde and Hilali 2016). Table
I shows a comparison between the present S. fusiformis and
some species of the same genus from different host species.
The general developmental steps for the formation of the cyst
wall from the parasitophorous vacuolar membrane were ob-
served in the cysts of the Sarcocystis sp. examined. The origin
of this cyst wall is controversial. Some authors concluded that
it was of host origin, others suggested that it was of parasitic
origin, while the third opinion claimed that this wall might be
derived from both sources (Mehlhorn and Heydorn 1978).
After the formation of the parasitophorous vacuole wall and
cyst formation began, the underlying layer of osmiophilic ma-
terial strengthened and the complex structure formed become
the primary cyst wall (Mehlhorn 2008, Dubey et al. 2016). This
wall varies widely among different stages of development of
the parasite; thus, it was postulated that the fine structure of the
sarcocyst wall could be used with care as a criterion to identify
different species of Sarcocystis (Scholtyseck et al. 1974,
Modry et al. 2000, Dubey et al. 2006). In some Sarcocystis
Spp., this wall was thick and folded many times to form irreg-
ular wall folds, with numerous cauliflower projections and
knob-like electron-dense elevations. Similar results were ob-
tained from the study of buffaloes by Abdel-Ghaffar et al.
(1989). In addition to this primary wall and its complex struc-
tures, a layer of fibril material of host origin enclosing the par-
asitized host cell may also appear; this is known as a secondary
cyst wall, representing a significant response from the host to-
wards the parasite in accordance with previous studies
(Mehlhorn and Scholtyseck 1973, Abdel-Ghaffar ez al. 1989,
Dubey et al. 2014, Ahmadi et al. 2015). Under the primary cyst
wall a relatively thin homogenous layer known as the ground
substance extended outward through the middle portion of the
protrusions, leaving a clear zone from each side and inward
through the cyst as septa; this is one of the main features char-
acterizing sarcocysts of the genus Sarcocystis (Matuschka and
Bannert 1989, Dubey et al. 2017, Hu ef al. 2017). The fine
structural characteristics of merozoites were similar to those
described for many other Sarcocystis species: a cyst enclosed
by a complex membranous structure composed of two layers,
interrupted by anterior polar rings and a micropore. In the an-
terior part of the currently recorded cyst there was a hallmark
organelle, polar rings, conoid, micronemes, and rhoptries, re-
sembling those reported previously (Abdel-Ghaffar and Al-Jo-
hany 2002, Dubey ef al. 2017). In the posterior merozoite there
was a globular nucleus, mitochondria and apicoplast, reserve
food materials presented in two forms (lipid and amylopectin
granules) were founded scattered randomly, in accordance with
(Abdel-Ghaffar and Al-Johany 2002, Abdel-Ghaffar et al.
2009). Metrocytes or mother cells represent one of the main
components of the cyst, which is the main stage of asexual re-
production or multiplication inside the cyst (Mehlhorn and
Heydorn 1978, Dubey et al. 2017). They possessed all the api-
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cal complex structural characteristics of the merozoite stage.
Their nuclei were relatively large and have peripherally
arranged chromatin materials. In the present study, metrocytes
had a shape variation from oval to globular with a proportion-
ately large nucleus, and their measurements are similar to those
of sarcocysts reported by Abdel-Ghaffar et al. (1978).

Lately, the 18S rRNA sequences have been widely used as
appropriate targets for the accurate hierarchical identification
and phylogenetic analyses of Sarcocystis spp. (Ellis et al.
1995; Holmdahl et al. 1999; Li et al. 2002; Dahlgren and
Gjerde 2007; Stina et al. 2008; Gjerde 2013). The perpetuated
regions of 18S rRNA gene play a pivotal role in primer de-
signing, which can be used to amplify identical genes in re-
lated species. Improving of phylogenetic analysis techniques
have led to easier identification of the mosaic structure of the
parasite (Olsen and Woese 1993; Gjerde ef al. 2015). In ad-
dition, within the Sarcocystis species, the gene sequence has
variable genotypic behaviors (Holmdahl et al. 1999;
Hamidinejat et al. 2015). Holmdahl ef al. (1994) had re-
ported a rather high identity value of 18S rRNA genes within
species; hence, molecular analysis and sequencing may stand
apart from species identification. Phylogenetic analysis
showed that the present species is Sarcocystis fusiformis ac-
cording to both morphological and molecular studies. Addi-
tionally, the sequence alignment, as well as the cladogram, re-
vealed a high nucleotide homology (98%) of the test organism
to that of Sarcocystis fusiformis KR186117, in addition to the
ultrastructural similarities in the primary cyst wall between the
two species; this confirmed that the sarcocyst under study is
for Sarcocystis fusiformis. In addition, large sequence identi-
ties (>95%) were observed for some of the aligned species,
such as S. buffalonis KU247912 (97%), S. hirsuta AF176940
(97%), S. gigantea KC209733 (96%), and S. masoni
KUS527113 (96%) but by comparing the ultrastructural char-
acteristics between these species and the recorded sarcocysts
in the current study, it was revealed that there is no relation be-
tween them in the morphology of the primary cyst wall. The
findings of Holmdahl et al. (1994) indicated that most of the
Sarcocystis species, with the exception for S. buffalonis and
S. hirsute (13 positional differences), showed polymorphism
in more than 100 bp positions. Correspondingly, the S.
fusiformis recorded by Holmdahl ef al. (1999) and Yang ef al.
(2001) from China and Sweden, respectively, had a sequen-
tial difference that 3% different to each other. Hence, inspec-
tion of more Sarcocystis from other geographically isolated ar-
eas and sequencing at other different genetic loci (for example,
18S rRNA and ITS-1) may reveal the prevalence of further
ameliorations within similar species. Another approach to
nucleotide polymorphism within the same Sarcocystis species
is that, water buffaloes in different geographical regions may
act as a reservoir for other species too. Oryan ef al. (1996) and
Hu et al. (2016) reported that the 18S rRNA gene comprises
multivariate genes which may lead to diversity among mul-
tiple copies of this specific gene that was amplified from dif-
ferent merozoites within the sarcocysts.
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