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Abstract
Background  In spite of the global economic significance of sheep production, little is known about the prevalence of various 
Sarcocystis spp. infecting the domestic sheep (Ovis aries) in Egypt.
Materials and methods  Muscle samples were collected from 175 sheep (> 2 years) slaughtered at El-Mahalla El-Kubra 
abattoir, Gharbia governorate, Egypt. Samples were initially examined by naked eye for the existence of macrosarcocysts. 
The microscopic sarcocysts were detected and identified using the light microscopy and the Transmission electron micros-
copy (TEM). Different microscopic species of ovine Sarcocystis were molecularly confirmed by PCR, sequence analyses 
and phylogeny.
Results  Preliminary light microscopic inspection of the muscle specimens revealed the existence of only the microscopic 
sarcocysts of Sarcocystis tenella and Sarcocystis arieticanis in 152 (86.8%) out of the175 examined animals. Sarcoysts of 
S.tenella had striated thick cyst wall that amounted from 3.5–5.5 μm in thickness whereas, S.arieticanis sarcocysts had a 
thin cyst wall that ranged from 1–3 μm in thickness. S.tenella sarcocysts were detected in 115 sheep (65.7%), and were more 
prevalent than those of S.arieticanis, observed only in 68 sheep (38.8%). No macroscopic sarcocysts were observed in any 
of the examined carcasses. Transmission electron microscopy (TEM) of the cyst wall of S.tenella revealed the existence of 
the short stubby villar protrusions (VP) with the characteristic disk-like structures at the tips of the (VP). While, TEM of 
S.arieticanis showed that the cyst wall had elongated tubular protrusions that measured approximately 5–7 μm in length. 
Each (VP) consisted of a dome-shaped base (0.3–0.9 μm in diameter), a relatively thick middle portion (0.1–0.3 μm) in 
width, and a thin hair-like distal portion that measured about (0.03 x 1–4.5 μm).
Conclusion  Comparative analyses of the sequences of the four genetic markers (18S rRNA, 28S rRNA, mitochondrial cox1 
and ITS-1) for S.tenella and S.arieticanis isolates detected herein, revealed genetic variations of 95% and 95– 96% among 
the different isolates on the level of the 18S rRNA and 28S rRNA, respectively. Whereas, the cox1 and ITS-1 shared sequence 
identities of 76–78% and 70–73%, respectively. S.tenella was strongly related to S.capracanis infecting goats (Capra hircus). 
Sequence identity of 98% on the level of 18S rRNA, 28S rRNA genes was observed between the currently identified isolates of 
S.tenella and the formerly GenBank deposited isolates of S.capracanis. While, cox1 sequences shared identities of 92–93%. 
Furthermore, S.arieticanis isolates identified here were closely related to the formerly published sequences of S.hircicanis. 
The 18S rRNA and 28S rRNA sequences of S.arieticanis shared 98% and 94–95% identities with those of S.hircicanis, 
respectively. However, 87–88% homologies were observed between the cox1 sequences of S.arieticanis and S.hircicanis. 
Consequently, cox1 and ITS-1 gene sequences act as better genetic markers than 18S rRNA and 28S rRNA sequences for the 
characterization of ovine Sarcocystis spp. Maximum parsimony analyses based on the sequences of three genetic markers, 
(18S rRNA, 28S rRNA and mitochondrial cox1), yielded the same placement of the currently identified isolates of the two taxa 
(S.tenella and S.arieticanis) within a clade of Sarcocystis species with carnivorous animals as known, or assumed, final hosts.
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Introduction

Sarcocystis spp. are cyst-forming intracellular apicom-
plexan parasites with an obligatory two-host life cycle 
between carnivores as final hosts and prey animals usu-
ally (herbivores) as intermediate hosts. Sheep (Ovis aries) 
act as intermediate hosts for six Sarcocystis species, i.e., 
S. gigantea, S. medusiformis, S. tenella, S. arieticanis, S. 
microps and S. mihoensis, that can be morphologically 
characterized depending on variations in the ultrastructure 
of the sarcocyst wall. Sarcocysts of S. tenella and S. arieti-
canis are microscopic and transmitted by canine definitive 
hosts, whereas S. gigantea and S. medusiformis form mac-
roscopic sarcocysts and transmitted by felids [10].

Natural Sarcocystis spp. infections in sheep have been 
studied in several countries throughout the world, with 
variable prevalence rates according to the methods used 
for sarcocyst detection [1, 10, 29, 31, 34, 48, 57]. How-
ever, to the best of our knowledge, infection rates of differ-
ent Sarcocystis spp. in domestic sheep in Egypt are widely 
unknown. The ultrastructural features of the sarcocysts 
are the basic fundamentals for differentiation of the Sar-
cocystis spp. infecting the same intermediate host [2, 10, 
12–17, 27, 28, 30, 32, 37]. Nonetheless, many Sarcocystis 
spp. isolated from diverse, but closely related intermedi-
ate hosts had morphological homologies resulting in per-
plexity concerning clarifying the relationships among the 
Sarcocystis spp. under investigation. Therefore, genetic 
markers, such as the small ribosomal subunit gene (18S 
rRNA), the large ribosomal subunit gene (28S rRNA), the 
internal transcribed spacer-1 region (ITS-1) and the mito-
chondrial cytochrome c oxidase subunit 1 gene (cox1), 
have been used for delineation or more comprehensive 
identification of novel Sarcocystis or already existent spe-
cies in different hosts. Additionally, few genetic data of 
ovine Sarcocystis spp. are currently provided in GenBank 
[10, 29]. Therefore, the current study was performed for 
investigation of the prevalence and detailed morphology 
of the ovine Sarcocystis spp. in Egypt. Molecular identifi-
cation of the detected sarcocysts was carried out utilizing 
PCR, sequencing and phylogenetic analyses of 18S rRNA, 
28S rRNA, cox-1 genes and ITS-1 region.

Materials and Methods

Morphologic Examination of Sarcocysts

Muscle samples were collected from 175 slaughtered sheep 
(> 2 years). Animals were slaughtered at El-Mahalla El-
Kubra abattoir, Gharbia governorate, Egypt (30°58′07″N 

31°09′49″E), during the period extending from January 
2017 till February 2018. The ages of the inspected animals 
were determined through teeth examination.

From each animal, fresh tissue samples from the esopha-
gus, diaphragm, skeletal muscles, tongue and heart were 
grossly examined for the existence of macrosarcocysts. 
Approximately, 0.5 mm pieces of muscle from each col-
lected sample were squeezed between two glass slides to 
inspect and preliminary identify the detected microscopic 
sarcocysts using stereomicroscopy.

For histopathologic investigations, the detected micro-
scopic sarcocysts were fixed in 10% neutral buffered forma-
lin, routinely processed, paraffin embedded, cut into 5 µm 
sections, and stained with H&E. Images were captured using 
OLYMPUS AX80 Microscope Digital Unit. Other microsar-
cocysts were isolated from muscular fibers using dissecting 
sterile fine needles then processed for transmission electron 
microscopy (TEM) and DNA analysis.

For TEM, sarcocysts were fixed in 2.5% glutaralde-
hyde and post-fixed in osmium tetroxide 1%, dehydrated 
in alcohols and finally embedded in epon-araldite mixture. 
Ultrathin sections were stained with uranyl acetate and lead 
citrate and then examined using a JEOL JEM-1400 TEM at 
80 kV. For molecular investigations, the isolated sarcocysts 
were stored in sterile water at − 20 °C till processing.

Molecular Characterization, Sequencing 
and Phylogenic Analyses

Genomic DNA was extracted using QIAGEN DNeasy Tis-
sue Kit® (QIAGEN®, GmbH, Hilden, Germany) from two 
morphologically different microsarcocysts according to the 
manufacturer’s instructions.

The 18S rRNA gene was amplified with the forward (S1) 
and reverse (B) primer pair [19, 36]. Primer sets KL1/KL3, 
KL4/KL5b and KL6/KL2 [39] were used for amplifica-
tion of the 28S rRNA, while the cox1 gene was amplified 
with (SF1 forward) and (SR9 reverse) primers [22, 23], and 
finally, the ITS-1 region was amplified with primer pairs 
SU1F/5.8SR2 [25].

All PCR amplifications for the 18S rRNA, 28S rRNA 
genes and ITS-1 region were carried out according to the 
reactions steps and conditions previously described by El-
Morsey et al. [14, 16]. PCR amplifications were performed 
utilizing Bio-Rad T100 thermal cycler (Bio-Rad Laborato-
ries Inc., USA). PCRs for the (cox-1) gene were performed 
according to the amplification protocol formerly described 
by Gjerde [23].

PCR products were purified from gel using Qia Quick 
gel extraction kit® (QIAGEN®) according to the recommen-
dations of the manufacturer. Two isolates, each from one 
sarcocyst, were directly sequenced utilizing ABI 3730XL 
automatic DNA sequencer (Applied Biosystems, USA).



503Acta Parasitologica (2019) 64:501–513	

1 3

The Basic Local Alignment Search Tool (BLAST) of 
the National Center for Biotechnology Information (NCBI) 
https​://blast​.ncbi.nlm.nih.gov/Blast​.cgi was used to deter-
mine the identities of the 18S rRNA, the 28S rRNA, cox1 and 
ITS-1 sequences, with the previously GenBank deposited 
Sarcocystis spp. sequences. Prior to performing phyloge-
netic analyses, sequences were truncated slightly from both 
ends so that they begin and end with the same nucleotides. 
Sequences of the three target genes, i.e., 18S rRNA, the 28S 
rRNA and cox1 of Sarcocystis spp. infecting ruminant ani-
mals were retrieved from the GenBank database and aligned 
using the ClustalW program.

Phylogenetic analyses were conducted individually on 
nucleotide sequences of the 18S rRNA, 28S rRNA and cox1 
using MEGA7 software [33]. Multiple alignments were 
generated with the ClustalW program within MEGA7, uti-
lizing a gap opening penalty = 10 and a gap extension pen-
alty of 0.2. Phylograms of the three gene sequences were 
constructed using the maximum parsimony (MP) analysis. 
The credibility of the (MP) trees was tested with the boot-
strap method with 1000 replicates [18]. Bootstrap values are 
shown on the bifurcation points of the cladograms in Figs. 3, 
4 and 5. The MP trees were obtained using the Tree–Bisec-
tion–Regrafting (TBR) algorithm [40].

The 18S rRNA gene evolutionary analysis involved 60 
nucleotide sequences that belonged to 55 taxa (Fig. 3). There 
were a total of 2359 positions in the final dataset. The anal-
ysis was rooted on seven Eimeria spp. infecting chickens 
as outgroup. The seven Eimeria spp. 18S rRNA sequences 
included in the analysis were E. necatrix U67119, E. tenella 
U67121, E. praecox U67120, E. acervulina U67115, E. max-
ima DQ538348, E. mitis U40262 and E. brunetti U67116.

The 28S rRNA gene analysis involved 26 nucleotide 
sequences belonging to 18 Sarcocystis spp. infecting rumi-
nant animals (Fig. 4). There were a total of 3587 nucleotide 
positions in the final dataset. One Eimeria sp. (E. acer-
vulina; GU593707) was used as outgroup to root the 28S 
rRNA maximum parsimony tree.

The evolutionary history of the cox1 gene sequences of 
the microscopic ovine Sarcocystis isolates detected herein 

was deduced relying on the MP analysis (Fig. 5). The analy-
sis included 39 nucleotide sequences belonging to 31 Sarco-
cystis spp. A total of 2908 nucleotide positions were exist-
ing in the final dataset. The MP tree was based on seven 
Eimeria spp. parasitizing chickens, as outgroup. The seven 
Eimeria spp. cox1 sequences integrated in the cladistic 
analysis were E. maxima HQ702481, E. mitis JN864949, 
E. brunetti HQ702480, E. acervulina HQ702479, E. prae-
cox HQ702483, E. necatrix HQ702482 and E. tenella 
HQ702484.

Results

Prevalence of Ovine Sarcocystis spp. Natural 
Infections in Egypt

Only two morphologically distinct microscopic types of 
sarcocysts were detected in 152 out of 175 sheep (86.8%). 
Sarcocysts of S. tenella that have striated thick cyst wall and 
S. arieticanis with thin cyst wall were observed. Sarcocystis 
tenella sarcocysts were observed in 115 sheep (65.7%) and 
were more prevalent than those of S. arieticanis, found in 68 
sheep (38.8%). The distribution of the two Sarcocystis spp. 
in different sheep muscles is shown in Table 1.

Light Microscopic and Ultrastructural Features 
of the Detected Sarcocysts

Utilizing light microscopy, the sarcocysts of S. tenella 
were microscopic and ranged from 350–1150 × 35–110 µm 
(n = 45) in size. The sarcocyst wall measured 3.5–5.5 µm in 
thickness and had numerous, very crowded palisade-like vil-
lar protrusions (VP) that appeared somewhat short or stubby 
(Fig. 1a). The interior of the sarcocyst was filled with cres-
cent-shaped bradyzoites (BR) of variable dimensions that 
measured 9.5–14 × 3.5–5 µm (n = 35).

Examination of the semithin sections of S. tenella sarco-
cysts revealed the existence of the distinctive short stubby 
upright (VP). Numerous peripherally located lightly stained 

Table 1   Prevalence of 
Sarcocystis spp. detected in 
various muscular tissues of 
domestic sheep (n = 175) 
slaughtered in El-Mahalla 
El-Kubra abattoir, Gharbia 
governorate, Egypt

Muscle infected Sarcocystis species

S. tenella and/or S. ari-
eticanis

S. tenella S. arieticanis

No. infected % infected No. infected % infected No. infected % infected

Esophagus 109 62.3 109 62.3 59 33.7
Tongue 37 21.1 37 21.1 19 10.9
Diaphragm 84 48 84 48 42 24
Heart 23 13.1 23 13.1 0 0
Skeletal muscles 95 54.3 95 54.3 48 27.4
Total infected animals 152 86.8 115 65.7 68 38.8

https://blast.ncbi.nlm.nih.gov/Blast.cgi
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metrocytes (Met) were evident under the ground substance 
(GS) of the cyst wall and appeared as irregularly shaped 
cells of different sizes. Clear septa (S) originated from the 
ground substance dividing the cyst into several compart-
ments filled with myriads of banana-shaped bradyzoites 
(BR) (Fig. 1b).

By TEM, S. tenella cyst wall ranged from 3.5–5.5 µm 
in thickness and had numerous stubby and mainly upright 
palisade-like protrusions that amounted from 2.5–4 in 
length × 0.3–1.4 µm in width (n = 25). The (VP) were char-
acterized by the existence of dense plaques (DP) at their 
tips; however, microtubules were missing (Fig. 1c). The 
ground substances (Gs) measured 0.9–1.8 µm in thickness 
and was situated immediately under the primary sarcocyst 

wall. No structures were existent within the ground sub-
stance. The ultrastructural characteristics of the cyst wall 
of S. tenella belonged to type 14 according to the classifi-
cation of Dubey et al. [10].

By histopathological examination, S. arieticanis sarco-
cysts were microscopic and measured 125–985 × 30–85 µm 
(n = 45) in size. The cyst wall appeared smooth and thin 
and measured approximately from 1 to 3 µm in thickness 
(Fig. 2a). However, examination of the semithin sections 
showed that the sarcocyst wall had numerous fine hair-like 
protrusions that were bent nearly 90º at their middle por-
tions then became parallel to the direction of the cyst wall 
surface. Prominent undulations or uneven surface were a 

Fig. 1   Morphologic features of S. tenella sarcocysts infecting sheep 
muscles from Egypt. a Light micrograph of a sarcocyst (H&E 
stained); showing the striated sarcocyst wall with numerous stubby 
palisade-like villar protrusions (VP), elongated banana-shaped brady-
zoites (BR) within the cyst cavity. Scale bar = 10 µm. b Semithin sec-
tion of S. tenella stained with toluidine blue 1% depicting the short 
stubby (VP) that are characteristic for S. tenella, ground substance 
(Gs), obvious septa (S), irregularly shaped lightly stained peripher-

ally located metrocytes (Met) and elongated crescent-shaped brady-
zoites (BR) Scale bar = 10 µm. c TEM micrograph depicting the sar-
cocyst wall with short stubby palisade-like villar protrusions (VPs). 
The (VPs) are characterized by their tips that have dense plaque-
like structures (DP). Note the Parasitophorous vacuolar membrane 
(PVM), ground substance (Gs) with no obvious structures. Scale 
bar = 2 µm
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characteristic feature of the outer surface of the cyst wall 
in some locations (Fig. 2b).

Ultrastructurally, the cyst wall of S. arieticanis had elon-
gated tubular (VP) that measured approximately 5–7 µm 
in length. Each (VP) consisted of a dome-shaped base 
(0.3–0.9 µm in diameter), a relatively thick middle portion 
(0.1–0.3 µm) and a thin hair-like distal portion that meas-
ured about (0.03 × 1–4.5 µm). Sometimes, the hair-like distal 
regions of the (VP) were highly convoluted forming coni-
cal tufts that were deeply embedded inside the cytoplasm 

of the host cells. In addition, the parasitophorous vacuolar 
membrane (PVM) appeared highly corrugated in the dome-
shaped base of the villi forming electron dense indentations. 
Just above the dome-shaped base, the protrusions turned 90° 
to the cyst wall so that the middle and distal portions became 
nearly parallel to the surface of the sarcocyst. The ground 
substance (Gs) ranged from 0.9 to 1.5 µm in thickness and 
was located immediately under the primary sarcocyst wall. 
In some locations of the cyst wall, the (VP) appeared as 
non-branched bone-like structures. Obvious septa (S) were 

Fig. 2   Morphologic characters of S. arieticanis cysts infecting sheep 
muscles from Egypt. a Light micrograph showing the histopathology 
of a sarcocyst (H&E stained); notice the smooth appearance of the 
thin sarcocyst wall (CW), the existence of crescent-shaped brady-
zoites (BR). Scale bar = 10 µm. b Semithin section of S. arieticanis; 
note the hair-like villar protrusions (VP) with the prominent undu-
lations or uneven surface of the cyst wall in some locations, ground 
substance (GS), very evident septa (S), and banana-like bradyzoites 
(BR). Scale bar = 10 µm. c, d TEM micrographs depicting the ultra-
structure of the cyst wall of S. arieticanis that is characterized by 

the elongated tubular protrusions (VP) that consists of dome-shaped 
bases, relatively thick middle portions and hair-like distal ends. d 
Some locations of the cyst wall, the (VPs) appeared as non-branched 
bone-like structures. In addition, the parasitophorous vacuolar mem-
brane (PVM) appeared highly convoluted or corrugated in the dome-
shaped base of the villi forming electron dense indentations. Promi-
nent septa (S) originated from the ground substance (Gs) dividing 
the cyst into different chambers containing lightly stained metrocytes 
(Met) and Bradyzoites (BR). Scale bars = 1  µm and 500  nm for (c) 
and (d), respectively
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Fig. 3   Phylogram of the 
maximum parsimony analysis 
of the 18S rRNA sequences of 
the Sarcocystis spp. infecting 
ruminant animals depicting 
the robust association of the 
currently identified isolates of 
S. tenella and S. arieticanis 
from domestic sheep with the 
formerly detected isolates of the 
same species. Bootstrap values 
are the percentages located 
at the bifurcation points of 
the tree. The newly identified 
Sarcocystis isolates are marked 
by black circles (MH413034 
for S. tenella isolate 1ST, while 
MH413035 and MH413036 for 
S. arieticanis isolates 1SA, 2SA, 
respectively). The evolution-
ary analysis was conducted in 
MEGA7 using 7 Eimeria spp. 
of chickens as outgroup
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found dividing the sarcocysts of S. arieticanis into cham-
bers containing ovoid or irregularly shaped metrocytes (Met) 
of various diameters and bradyzoites (BR) that measured 
8.5–12 × 2–3.5 µm (n = 55) in size (Fig 2c, d). Features of the 
sarcocyst wall of S. arieticanis described herein belonged to 
cyst wall type 7a [10].

DNA and Comparative Analyses of the Sequences

Characterization of the 18S rRNA Sequences

The two 18S rRNA nucleotide sequences of S. tenella were 
1828 bp in length and were completely identical. Hence, 
only one sequence (MH413034) of isolate (1 ST) was sub-
mitted to GenBank. Each sequence was obtained from an 
individual sarcocyst. Running the obtained sequence on 
the BLAST of the GenBank revealed 99% similarity with 
those of S. tenella (KC209734, KC209737 and MF039329) 
reported from sheep and the sequences (KP263752 to 
KP263759) isolated from the chamois (Rupicapra rupi-
capra). Homology of 98% was observed with the sequences 
of S. capracanis (L76472, KU820982 and KU820983) 
reported from goats (Capra hircus).

Sarcocystis arieticanis 18S rRNA sequences (MH413035; 
1SA and MH413036; 2SA) were 1840 bp in length. Each 
sequence was obtained from an individual sarcocyst of S. 
arieticanis. The differences between the two isolates com-
prised two nucleotide substitutions. A similarity of 96% was 

shared between the new S. arieticanis 18S RNA sequences 
and that of S. tenella (MF039329) infecting sheep from 
China, whereas the most homologous sequences (sharing 
99% identities), were those of S. arieticanis under acces-
sions MF039330 and MF039331. Sarcocystis arieticanis 
(L24382) and S. hircicanis (KU820984; KU820985) showed 
98% identity with the isolates of S. arieticanis identified in 
the current study.

The phylogenetic tree of the partial 18S rRNA sequences 
(Fig. 3), showed that the isolate of S. tenella obtained in the 
current study (MH413034; isolate 1 ST), was placed within 
a well-supported clade formed by S. tenella (MF039329 
and KP263759). Meanwhile, the three isolates were 
strongly related together with S. capracanis (L76472), S. 
heydorni (KX057997), S. alces (KF831274) and S. graci-
lis (KY019031) forming a major group. On the other hand, 
sequences of the two isolates of S. arieticanis (MH413035; 
1SA and MH413036; 2SA) were situated inside another 
robustly supported clade that comprised isolates of S. arieti-
canis (MF039331, L24382) and S. hircicanis (KU820985).

Characterization of the 28S rRNA Sequences

The 28S rRNA nucleotide sequences of S. tenella were 
deposited in GenBank under accessions (MH413037 for iso-
late 2aST and MH413038 for isolate 2bST). Each sequence 
was derived from an individual sarcocyst of S. tenella. Both 

Fig. 4   A phylogram showing 
the evolutionary history of 
members of the Sarcocystidae 
that was inferred using the 
maximum parsimony method. 
Bootstrap values are shown on 
the nodes of the cladogram. The 
recently identified isolates of S. 
tenella and S. arieticanis were 
marked by black circles. 28S 
rRNA sequences of S. tenella 
were deposited in GenBank 
with accessions (MH413037; 
2aST and MH413038; 2bST) 
while S. arieticanis sequences 
had accession numbers 
(MH413039; 1aSA and 
MH413040; 1bSA). The phy-
logenic analysis was conducted 
using the program MEGA7. The 
tree was rooted on E. acervulina 
(GU593707) as outgroup
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sequences were 3465 bp in length. Variations between the 
two isolates involved five nucleotide substitutions.

The most homologous sequences deposited in GenBank 
were those of S. tenella (AF076899 reported from Australia 
and MF039325; MF039326 isolated from China) with 
99% identity, followed by the sequences of S. capracanis 
(AF012885, KU820978 and KU820979) (sharing 98% iden-
tity), S. arieticanis (MF039327; MF039328) (96% identity), 
S. cruzi (AF076903) and S. arieticanis (AF076904) (95% 
identity) and S. hircicanis (KU820980 and KU820981) (94% 
identity).

The 28S rRNA sequences of the two S. arieticanis isolates 
(1aSA and 1bSA), each obtained from an individual sarco-
cyst, were accepted in GenBank under accession numbers 
(MH413039 and MH413040), respectively. Isolate (1aSA) 
was 3492 bp long, whereas isolate (1bSA) was 3515 bp in 
length. The differences between the sequences of the two 
isolates comprised 35 nucleotide substitutions.

The similarity of S. arieticanis 28S rRNA sequences 
obtained herein was 97% with S. tenella isolate (MF039326) 
and 96% with S. tenella isolates (AF076899) and 
(MF039325). The highly similar sequences in GenBank 

Fig. 5   A cladogram showing the evolutionary history of the Sarco-
cystis spp. of the Sarcocystidae family that was inferred using the 
maximum parsimony method. Bootstrap values are shown on the 
bifurcation points of the cladogram. The newly detected isolates of 
the cox1 sequences of (S. tenella and S. arieticanis) with accession 

numbers (MH413045; MH413046 and MH413047; MH413048), 
respectively, were marked by black circles. The phylogenic tree 
was constructed using MEGA7 software. Seven Eimeria spp. cox-1 
sequences were used as outgroup
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were those of S. arieticanis (MF039327) (sharing 99% iden-
tity), followed by S. arieticanis (MF039328) (showing 98% 
identity), whereas 97% homology was observed with S. ari-
eticanis (AF076904). Homology of 96% was observed with 
S. capracanis (AF012885, KU820978; KU820979), while 
S. cruzi (AF076903) and S. hircicanis isolates (KU820980; 
KU820981) shared 94–95% identities.

As a result, 28S rRNA sequence identities of 99% were 
shared between the currently identified isolates of S. tenella 
and the previously GenBank deposited sequences of the 
same species. In the same way, a homology of 97%–99% 
was observed between S. arieticanis isolates detected herein, 
and those published on GenBank and belonging to the same 
taxon.

Collectively, sequence similarities ranging from 94 to 
99% on the level of the 28S rRNA gene were shared between 
the presently identified isolates of both S. tenella and S. ari-
eticanis and the previously GenBank deposited sequences of 
S. tenella, S. arieticanis, S. hircicanis, S. capracanis and S. 
cruzi. Furthermore, sequence identities on the level of 28S 
rRNA gene varying from 95 to 96% were observed among 
the currently detected isolates of S. tenella and S. arieti-
canis. The nucleotide differences between the newly identi-
fied isolates of both species involved approximately 140–175 
nucleotide substitutions.

The phylogram of the 28S rRNA sequences (Fig. 4) placed 
the two recently detected isolates of S. tenella (MH413037; 
2aST and MH413038; 2bST) inside a highly supported 
group including the previously GenBank deposited isolates 
(MF039325, MF039326, AF076899) of S. tenella and S. 
capracanis (KU820978). Furthermore, S. arieticanis iso-
lates (1aSA MH413039 and 1bSA MH413040) were located 
within a clade containing the formerly GenBank released 
sequences of S. arieticanis (MF039327, MF039328 and 
AF076904).

Characterization of the cox1 Sequences

The (cox1) nucleotide sequences (MH413045 and 
MH413046), each from a single sarcocyst of S. tenella, 
were 1035 bp long and shared 99% similarity. The variation 
between them comprised eight nucleotide substitutions.

The two isolates of S. tenella, MH413045 for isolate 
(1cST) and MH413046 for isolate (2cST), shared the high-
est homologies with those of S. tenella MF039322 (99%) 
and MF039323 (98%) infecting domestic sheep from China. 
They shared identities of 97% with those of S. tenella 
(KC209725–KC209729; KC209731; KC209732) isolated 
from sheep, S. tenella (KP263744, KP263746, KP263747, 
KP263748, KP263749) reported from chamois (Rupicapra 
rupicapra tatrica). Identities of 96% were observed with 
isolates of S. tenella from sheep (KC209723; KC209730; 
KC209724) and chamois (Rupicapra rupicapra tatrica) 

(KP263750; KP263745; KP263751). On the other hand, S. 
capracanis (KU820974; KU820977) shared similarities of 
92–93% with the current isolates, whereas 90% homology 
was found between the isolates reported in the present study 
and those of S. heydorni (KX057994; KX057995).

The (cox1) nucleotide sequences (MH413047; isolate 
1CSA and MH413048; isolate 2CSA), each from a single 
sarcocyst of S. arieticanis, were 1040 bp long, and showed 
99% homology. The variations between them comprised 11 
nucleotide substitutions.

Sarcocystis arieticanis cox1 sequence of domestic sheep 
under accession MF039324 shared the highest identity 
(95%) with the present isolates (MH413047; isolate 1CSA 
and MH413048; isolate 2CSA).

Similarities of 87–88% were observed between the iso-
lates of S. arieticanis reported in the current study and those 
of S. hircicanis (KU820975 and KU820976), while 80–82% 
homologies were observed with the isolates of S. grueneri 
(KC209615–KC209624) infecting the reindeer. Sequences 
of cox-1 of S. capreolicanis (KY018938–KY018944) infect-
ing the roe deer (Capreolus capreolus) shared 79–80% 
similarities.

Sarcocystis cruzi sequences (KC209599; KT901095; 
KT901079; KT901090; LC171859) shared 79% identities 
with the isolates of S. arieticanis reported herein, while iso-
lates (KT901084; LC171862; LC171861) that belong to the 
same species showed 80% homology. Finally, 78% similarity 
was observed with S. cruzi under accessions (KC209597; 
KT901094; KT901088; KT901085; KT901083; KT901078).

The cox1 nucleotide sequence homologies between the 
isolates of S. arieticanis and S. tenella detected herein, var-
ied from 76 to 78%. The nucleotide differences included 
approximately 230–247 nucleotide substitutions.

The cladistic analysis depending on the cox1 sequences 
(Fig. 5), placed the two new isolates of S. tenella (1cST; 
MH413045 and 2cST; MH413046) in a well-supported 
clade comprising the sequences of S. tenella (MF039322, 
MF039323, KC209727 and KP263749), whereas the S. ari-
eticanis isolates (1CSA; MH413047 and 2CSA; MH413048) 
were grouped with S. arieticanis (MF039324).

Characterization of the ITS‑1 Sequences

Sarcocystis tenella ITS-1 nucleotide sequences were depos-
ited in GenBank under accession numbers (MH413041) 
for isolate (1iST) and (MH413042) for isolate (2iST). 
Each isolate was derived from a single sarcocyst. The first 
isolate (1iST) was 791 bp, while the second (2iST) was 
795 bp in length. The identity between the two isolates 
was 99%. The differences between both isolates comprised 
10 nucleotide substitutions. When the ITS-1 sequences S. 
tenella and S. arieticanis were compared with sequences 
previously released on GenBank, a similarity of 96% was 
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observed between the isolates identified herein and S. tenella 
(MF039318) infecting domestic sheep from China, whereas 
isolate (MF039319) of S. tenella showed 93% homology.

The ITS-1 sequences MH413043 (1iSA) and MH413044 
(2iSA), each from one sarcocyst of S. arieticanis, were 
789 bp and 785 bp long, respectively. The similarity between 
them was 98%, and the variations involved 15 nucleotide 
substitutions. A homology of 97% was observed between 
the current isolates and S. arieticanis (MF039320), while 
isolate (MF039321) of S. arieticanis shared 94% similarity.

The identities between ITS-1 nucleotide sequences 
reported herein for S. tenella and S. arieticanis were ranging 
from 70 to 73%. The nucleotide variations involved approxi-
mately 115–251 nucleotide substitutions.

Discussion

Sarcocystis species are highly prevalent apicomplexan para-
sites in domestic animals and some of them may have signif-
icant economic impacts particularly, when causing clinical 
and subclinical disease [10].

No macroscopic Sarcocystis spp. were detected in the 
examined sheep carcasses in the current study. Only two dis-
tinct microscopic Sarcocystis species were found in 152 out 
of 175 sheep (86.8%). Sarcocystis tenella sarcocysts were 
detected in 115 sheep (65.7%) and were more prevalent than 
those of S. arieticanis, observed in 68 sheep (38.8%).

To our knowledge, Sarcocystis species infecting sheep 
were not thoroughly investigated from Egypt in the previous 
studies. Only a single study, Mahran [35], who detected both 
macroscopic and microscopic sarcocysts in 229 (41.26%) 
out of 555 sheep slaughtered at Shalatin abattoir, Red Sea 
governorate. Depending only on the macroscopic and his-
tologic examination of the collected muscle samples, the 
microscopic S. tenella sarcocysts were detected in 81.1% of 
the investigated sheep. Additionally, macroscopic sarcocysts 
were found in (9.9%) of the examined carcasses.

Prevalences of ovine Sarcocystis spp. as low as 9% to 
approximately 100% have been observed in several former 
investigations [10, 29]. Variations in the prevalence of Sar-
cocystis spp. infecting sheep depend on many factors like, 
cessation of life cycle, management conditions, existence of 
stray dogs and cats in close proximity to sheep and habits of 
final and intermediate hosts [10].

Sarcocystis tenella cyst wall morphologic characters 
observed in the current study were consistent with the ultra-
structural features of the cyst wall type-14 according to the 
classification of Dubey et al. [10]. Similar cyst wall features 
have been detected in Sarcocystis spp. infecting other rumi-
nant hosts, as those of S. tenella in domestic sheep [1, 29, 
55], sarcocysts of S. pseudois from the Himalayan blue sheep 
(Pseudois nayaur) reported by Odening [42], sarcocysts of 

S. gazellae infecting the springbok (Antidorcas marsupialis) 
that were recorded by Odening et al. [43], S. cf. capracanis 
isolated from the blackbuck (Antilope cervicapra) [53], 
Sarcocystis tenella-like sarcocysts detected in wild sheep 
(Ovis musimon) by Nigro et al. [41], a Sarcocystis sp. para-
sitizing the chamois [44], S. capracanis-like cysts from the 
alpine ibex (Capra ibex) that were observed by Cornaglia 
et al. [6], S. capracanis observed in goats from Japan [52], 
S. capracanis sarcocysts described in goats (Capra hircus) 
from Philippines [4] and S. capracanis sarcocysts infecting 
domestic goats in Egypt [38].

Sarcocystis capracanis of the domestic goats (Capra 
hircus) is a sister species of S. tenella, and the two species 
have the same morphologic features under light microscope. 
Nonetheless, there are some distinctive variations in the 
sarcocyst wall ultrastructure, i.e., the existence of electron 
dense disk-like structures or condensations in the tips of the 
(VPs) of S. tenella, whereas vesicles were observed at the 
bases of S. capracanis (VPs).

The morphology of S. arieticanis observed in the current 
study belonged to the cyst wall (type-7a) according to the 
classification of Dubey et al. [10]. The ultrastructural fea-
tures described herein, are homologous to some extent with 
those of S. arieticanis identified from sheep slaughtered in 
USA [9], S. arieticanis infecting sheep from China [29], 
S. hircicanis sarcocysts infecting domesticated goats from 
China [31], and sarcocysts of S. hircicanis from the Japanese 
goats that were reported by Saito et al. [51].

Sarcocystis spp. having the same ultrastructural charac-
teristics have been reported from other domestic and wild 
hosts, like; S. arieticanis parasitizing the domestic sheep 
[46], S. cruzi described by Claveria et al. [5] from cattle, 
sarcocysts of S. rangi infecting reindeer identified by Gjerde 
[21], a Sarcocystis species infecting the springbok reported 
by Odening et al. [43], sarcocysts of S. levinei infecting 
the water buffalo (Bubalus bubalis) reported by Claveria 
and Cruz [3], a Sarcocystis sp. parasitizing the Mongolian 
gazelle (Procapra gutturosa) recorded by Odening et al. 
[45], S. cf. cruzi reported from the Nilgai (Boselaphus 
tragocamelus) by Stolte et al. [53], S. arieticanis-like sarco-
cysts detected from the Alpine ibex by Cornaglia et al. [6], 
Sarcocystis sp. number II found in the raccoon (Procyon 
lotor) [54], and Sarcocystis species number 1 isolated from 
the European hare (Lepus europaeus) reported by Odening 
et al. [47].

The two distinct sarcocyst wall morphologic types (14 
and 7a) detected in the current study for (S. tenella and S. 
arieticanis), respectively, have been also identified in vari-
ous but closely related intermediate hosts; nonetheless, the 
relationships among these Sarcocystis species were not clear. 
Additionally, previous investigations using only the 18S 
rRNA gene sequences for the characterization of Sarcocystis 
spp. infections in several ruminant intermediate hosts have 



511Acta Parasitologica (2019) 64:501–513	

1 3

led to controversy concerning the exact identity of some 
taxa of Sarcocystis a result of the great identities (> 99%) 
between the sequences of the 18S rRNA genes. For exam-
ple, detection of the bradyzoites of S. capracanis in the cer-
ebrospinal fluids from sheep [11, 20], S. cruzi infections in 
either water buffalo or cattle [56, 58] and several Sarcocystis 
spp. infections detected in cervids such as (reindeer and red 
deer, moose and red deer) [7, 8], or (moose and roe deer) 
Gjerde [24]. Therefore, there was a necessity to differentiate 
or re-evaluate descriptions of existing or recently discovered 
taxa of Sarcocystis in different hosts, using different genetic 
markers for delineating their phylogenetic relationships.

In the present study, the sequences of (18S rRNA, 28S 
rRNA, cox1 genes and the ITS-1 region) for the microsarco-
cysts of S. tenella and S. arieticanis in Egyptian sheep were 
characterized. When comparing these sequences with the 
previously released sequences in GenBank, sequences of 18S 
rRNA and 28S rRNA for S. tenella shared similarity percent-
ages of 98% with those of S. capracanis, whereas 92–93% 
homologies were observed on the level of cox1 sequences. 
On the other hand, S. hircicanis showed homologies of 98%, 
94–95%, and 87–88% with the currently identified isolates 
of S. arieticanis on the levels of 18S rRNA, 28S rRNA and 
cox1 genes, respectively.

High identities among the sequences of 18S rRNA genes 
were observed herein and in former studies [1, 11, 20, 29–32, 
49, 50, 56, 58] as a result of the slowly evolving character of 
such target gene [22]. Moreover, sequence analysis utilizing 
one gene marker may be inadequate as some Sarcocystis 
species have more intra-species sequences variations in a 
particular region as elucidated recently [26]. Consequently, 
the (cox1) gene sequences appeared to act as better genetic 
markers for Sarcocystis spp. than 18S rRNA and 28S rRNA 
for discrimination of the sarcocysts of S. tenella from that of 
S. capracanis, and S. arieticanis from those of S. hircicanis.

The comparison of the four sequences, i: e (18S rRNA, 
28S rRNA, cox1, and ITS-1) for the isolates of S. tenella and 
S. arieticanis detected in the current investigation, showed 
similarities of 95%, 95–96%, 76–78%, and 70–73%, respec-
tively. Accordingly, the cox1 gene and the ITS-1 sequences 
could be more precise than the 18S rRNA and 28S rRNA 
genes for distinguishing the closely related Sarcocystis spp. 
infecting the same intermediate host because of their high 
divergence.

The cladistic analyses based on the sequences of the three 
genetic markers (18S rRNA, 28S rRNA and cox1) grouped 
the newly detected isolates of S. tenella and S. arieticanis 
inside a clade consisting of Sarcocystis spp. having carni-
vores as the known, or assumed, final hosts.

In conclusion, the current investigation is the first to 
demonstrate the presence of the microscopic Sarcocystis 
spp., i.e., (S. tenella and S. arieticanis), in domestic sheep 
slaughtered for human consumption in Egypt depending 

on comprehensive ultrastructural and molecular identifica-
tion of the isolated sarcocysts.
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