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Histopathological, ultrastructural and molecular
examination of Sarcocystis spp. in sheep of Mashhad
area, Khorasan Razavi province, Iran
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This study aimed to determine and identify Sarcocystis spp. infection in sheep of Mashhad city, Iran. From October
2018 to May 2019, the entire esophagus and diaphragm from 100 slaughtered sheep were collected from the Mash-
had abattoir. Initially, samples were inspected by the naked eye for the presence of macrocysts. Also, all samples were
examined for Sarcocystis spp. by tissue impression smear, histopathology, and PCR tests. Additionally, eight samples
were inspected by transmission electron microscopy (TEM) and gene sequencing to confirm species identification.
The infection rate of sarcocystosis by impression smear, histopathology, and PCR methods were 69%, 96%, and 100%,
respectively. Histopathological examination revealed the existence of S. gigantea macrocyst with PAS-positive second-
ary cyst wall in 26% of sheep. Also based on cyst wall morphology, two types of microcysts including S. tenella with
striated thick cyst wall and S. arieticanis with smooth thin cyst wall were identified in 47% and 11% of sheep, respec-
tively. By TEM, the cyst wall of S. gigantea had cauliflower-like, S. tenella had finger-like and S. arieticanis had hair-like
villar protrusions. Comparative analyses of the sequencing of the 18S rRNA gene revealed S. gigantea, S. tenella, and
S. arieticanis in PCR samples. The results showed that the infection rate of Sarcocystis spp. was very high by the PCR
method. Also, the existence of S. gigantea, S. tenella, and S. arietcanis species was confirmed by histopathology, TEM,

and DNA sequencing methods in sheep of this area.
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arcocystis spp. are cyst-forming tissue parasites

that can infect the striated muscle of humans
and numerous domestic and wild herbivores. This
protozoan is a heterogeneous and two-host prey-pred-
ator life cycle. The carnivores as predator animals are
definitive hosts and herbivores as prey animals are
intermediate hosts. Sheep (Ovis aries) can act as in-
termediate hosts for four Sarcocystis spp. Among
Sarococystis species, S. tenella and S. arieticanis are
pathogenic and create microscopic cyst, and transmit-
ted by canids whereas S. gigantea and S. medusiformis
are non-pathogenic and create macroscopic cysts and
transmitted by felids [1,2].

Although sarcocystosis is asymptomatic and spo-
radic in infected sheep with clinical signs, the presence
of macroscopic cysts in sheep has a major economic
impact due to condemnation of part or the whole in-
fected carcasses in slaughterhouses [3]. The Khorasan
Razavi province with more than 6 million sheep has
the largest population of sheep in Iran [4]. In Iran,
many studies have been reported the high prevalence
of Sarcocystis spp. infection in sheep by convention-
al methods such as parasitological, pathological, and
molecular methods [5-14]. However, to the best of
our knowledge the infection rate of Sarcocystis spp.
and identify species that infect sheep in Khorasan Ra-
zavi Province is unknown. Therefore, the major aims
of the current study were to determine the frequency
of infection and identify Sarcocystis species in sheep of
Mashhad city, Khorasan Razavi province, Iran.

Macroscopic study

At the gross inspection, macrocysts were found in
26 of 100 sheep (26%). The highest frequency of mac-
rocysts was detected in the esophagus (26%) (Table 1).
Macroscopic sarcocysts were milky white, elongated,
and spindle-shaped in the diaphragm and round to
oval-shaped in the esophagus (Figure 1). Sarcocystis

Table 1.
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gigantea was identified by histological evaluation of
Sarcocystis macrocysts in 26 sheep (26%).

Microscopic examination

Out of 100 sheep with or without macrocysts that
were examined with tissue impression smear tech-
nique and routine histopathology technique (HE), the
bradyzoites of Sarcocystis were detected in 69% and
96% of examined sheep, respectively (Table 1). The
morphological features of S. gigantea had a thin cyst
wall as primary cyst wall surrounded by a thick PAS
positive secondary cyst wall. The cyst was separated
by septa to different compartments and contained
ovoid-shaped metrocytes and numerous bradyzoites
(Figure 2).

Histopathological examination of esophagus and
diaphragm sections showed slender or oval-shaped
Sarcocystis microcysts with numerous bradyzoites
that were separated by septa and had variable sizes.
These variations were dependent on the angle of tissue
sections. A higher rate of positive sheep with micro-
cyst was found using histopathology compared to the
tissue impression smear (p < 0.05). Two types of mi-
crocysts were identified according to the thickness of
the cyst wall. One of them had radially-striated thick
walls that were identified as S. fenella and the other
had smooth thin-wall microcysts that were identified
as S. arieticanis (Figures 3 and 4). The morphological
wall details could not be accurately visualized by light
microscopy. Microcysts of S. tenella and S. arieticanis
were found in 47 sheep (47%) and 11 sheep (11%), re-
spectively. In addition, 38 sheep (38%) were infected
with both types of microscopic sarcocyst.

Transmission electron microscopy

Identification of Sarcocystis spp. in tissues was
mainly based on ultrastructural features of villar
protrusions in cysts walls according to the classifica-
tion by Dubey et al. [2]. Tissue cysts collected from
eight animals were tested by Transmission electron
microscopy (TEM). Three different types of villar
protrusions were observed for cyst walls which were

The frequencies of Sarcocystis spp. infection in the esophagus and diaphragm of one hundred slaughtered sheep.

No. of infected animals (%)

The examined organ

muscles Macroscopic examination Impression smear Histopathology PCR Total
Esophagus 26 (26) 69 (69) 96 (96) 100(100) 100
Diaphragm 21 (21) 60 (60) 92 (92) 100(100) 100
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Histopathological, ultrastructural and molecular examination
of Sarcocystis spp. in sheep.
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Figure 1.
Esophagus of a sheep showing

several macroscopic sarcocysts.

L

identified as S. gigantea, S. tenella, and S. arieticanis.
The ultrastructural features of S. gigantea macrocysts
showed cauliflower-like villar protrusions containing
numerous microtubules and the ground substance
inside the cyst wall with homogeneous in appearance
and 2-3 pum in thickness. The cysts were filled with
bradyzoites that were internally separated in different
chambers by septa (Figure 5, A and B). The cyst walls
of S. tenella had finger-like villar protrusions with av-
erage lengths up to 1 pm. Finger-like protrusions were
positioned closely side by side and distinguished by
the electron dense plaques in their apex. Microtubules
were absent in the protrusions. A layer of ground sub-
stances measuring 0.3-0.6 um in thickness was locat-
ed underneath the wall. Bradyzoiets were present in
the cysts and their amylopectin granules were evident
(Figure 5C). The cysts of S. arieticanis were identified
as having invaginations of cyst wall with hair-like villar
protrusions. The cyst wall was thin and measured 0.2-

The scale is in cm.

0.3 um in thickness and the protrusions were parallel
to the direction of the cyst wall surface. The ground
substance ranged from 0.4 to 0.6 pm in thickness and
was located immediately under the primary cyst wall.
The villar protrusions appeared bone-like structures
in some locations of the cyst wall (Figure 5D).

Molecular analysis

In this study, all muscle samples were positive for
the Sarcocystis spp. by PCR. DNA amplified of eight
PCR positive samples were purified from the agarose
gel and sequenced (Figure 6). The sequences were
blasted and submitted to GenBank. PCR alignment of
the nucleotide sequences showed 100% similarity with
S. gigantea accession number MT026574, 99% simi-
larity with S. tenella accession number MT026575,
and 97% similarity with S. arieticanis accession num-
ber MT729808 in 18S rRNA sequences in the Gen-
Bank database.

Figure 2.

Sarcocystis gigantea macrocyst in esophagus muscle. Histological
section stained with periodic acid Schiff. Magnification: 100x.
Note secondary thick cyst wall (arrow) that surrounds Primary
cyst wall (Pcw). Ground substance (Gc), Septa (S), Bradyzoiets
(Bz).

Figure 3.

Histological section of esophagus muscle showing thick-walled
microcyst of S. tenella with prominent radial striations (arrow)
stained with hematoxylin and eosin (HE). Magnification: 100x.
Note Bradyzoiets (Bz), Host cell (Hc), Adipose cell (Ac).

Histopathological, ultrastructural and molecular examination
of Sarcocystis spp. in sheep.

Rad et al. IJVST 2020; Vol. 12, No. 2
DOI:10.22067/veterinary.v12i2.88245




IRANIAN JOURNAL OF VETERINARY SCIENCE AND TECHNOLOGY RESEARCH ARTICLE

Figure 4.

Histological section of diaphragm muscle showing smooth thin-
walled microcyst of S. arieticanis (arrow) stained with hematox-
ylin and eosin (HE). Magnification: 100x. Bradyzoiets (Bz), Host
cell (Hc).

Figure 5.

Transmission electron micrographs showing a comparison of villar protrusions on the sarcocyst wall of three species of Sarcocystis in
sheep. Uranyl acetate and lead citrate stain. A) S. gigantea with cauliflower-like villar protrusion. B) Cauliflower-like villar protrusion of
S. gigantea containing microtubules (arrow) and fine or coarse granules (arrowhead) inside the protrusion. C) S. tenella with finger-like
villar protrusion. electron-dense plaques are visible (arrows) at the apex of villar protrusions. D) S. arieticanis with short hair-like villar
protrusions. The villar protrusions appeared bone-like structures in some locations of the cyst wall (arrow). Note Villar protrusion (VP),
Ground substance (Gs), Bradyzoiets (Bz), Host cell (Hc).

Rad et al. IJVST 2020; Vol. 12, No. 2 Histopathological, ultrastructural and molecular examination
DOI:10.22067/veterinary.v12i2.88245. of Sarcocystis spp. in sheep.
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Figure 6.

PCR amplification products of Sarcocystis spp. in muscle samples.
M= Molecular weight marker (100bp ladder); P= Positive control;
N= negative control; 1,2,3 positive samples.

Discussion

In this study, Sarcocystis spp. cysts were micro-
scopically found via tissue impression smear and rou-
tine histopathology techniques. The tissue impression
smear as a fast, simple, and applied technique was
compared with routine histopathology technique; the
latter technique found 27% more infected sheep than
the tissue impression smear technique. Although the
routine histopathology method is more sensitive than
the tissue impression smear and tissue squash meth-
ods, it has been shown that the digestive method is
more sensitive than the pathology method [15,16].
In addition, the PCR technique has been used to de-
termine the frequency and identify of Sarcocystis spp.
in tissue samples. All sheep were found infected with
Sarcocystis spp. by PCR. This finding revealed that
PCR is the most accurate and sensitive method for de-
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termining the frequency of infection. A regional sur-
vey from the Americas in retail beef samples showed
that PCR assays may increase the detection sensitivity
of Sarcocystis spp. and contribute to diagnostic preci-
sion [17].

In the present study, macroscopic cysts were
found in both esophageal and diaphragmatic muscles.
In Iran, the prevalence rates of macrocysts in sheep
have ranged from 3.58 % to 36.83 % in abattoir studies
carried out in different provinces [8,11,12,18,19]. The
highest prevalence of macroscopic cysts incorporated
in the esophagus was similar to the studies of other
researchers [8,20-22]. In contrast, Farhang-Pajuh et
al. [11] found the highest prevalence of macrocysts in
the diaphragm samples of slaughtered sheep of Urmia
city, Iran. In this study, similar results about infection
rate of microcysts were reported in other studies as
follows: 97% in Iraq [20], 96.9% in Mongolia [23],
95.8% in Brazil [24], 93% in Ethiopia [25] and 91.9%
in China [26]. Ovine microscopic sarcocysts have
been reported to be more prevalent than macroscopic
Sarcocystis species in Iran [8,12,19] and other coun-
tries [21,22,27,28].

The histopathologic examinations of macroscop-
ic cysts by light microscopy allowed the identification
of S. gigantea with PAS-positive secondary cyst wall.
This finding is following the results of other studies
[22,29,30]. Many studies have shown that S. gigantea
was the predominant macroscopic species in sheep
[28,31]. The use of light microscopy in histological ex-
amination permitted the recognition of two types of
microcysts based on the thickness of the cyst wall, as
described by Dubey et al. [31] and Beyazit et al. [22].
Thick radially striated walled microcysts were iden-
tified as S. tenella and thin-walled microcysts were
identified as S. arieticanis. Similar results have been
reported by O'Donoghue and Ford [32]. In the pres-
ent study, the frequency of S. tenella microcysts was
more than S. arieticanis. Some researchers have found
that S. tenella was the predominant species in sheep
[1,15,28,31]. A study showed that 80% of slaughtered
sheep were infected with S. tenella in the southwest of
Iran [14].

The use of TEM to study the ultrastructure of sar-
cocyst walls is a crucial taxonomic criterion for the
identification and differentiation of species of Sarco-
cystis in infected animals [24,33]. The ultrastructural
features of sarcocyst wall in our samples were con-
sistent with the cyst wall ultrastructure S. gigantea,
S. tenella, and S.arieticanis that classified by Dubey
et al. [2]. The observation of cauliflower-like villar
protrusions in macroscopic cyst samples permitted
the identification of S. gigantea cysts and was similar
to that described previously for this species in sheep
[30,34,35]. The villar protrusions in microcyst with

Histopathological, ultrastructural and molecular examination
of Sarcocystis spp. in sheep.
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finger-like or palisade-like protrusions allowed the
identification of S. tenella and the villar protrusions in
other microcyst with hair-like morphology were con-
firmed as S. arieticanis. These findings were similar to
those described by Odening et al. [34] and El-Morsey
etal. [1].

In the present study, nucleotide sequencing of the
18s rRNA genetic marker of PCR products was done
in eight samples. The DNA acquired from individual
cysts allowed the identification of S. gigantea, S. tenel-
la, S. arieticanis in selected samples.

In conclusion, the current investigation showed
a high frequency of infection by Sarcocystis spp. that
form macroscopic and microscopic cysts in sheep
slaughtered for human consumption in the Mashhad
area. We report S. tenella and S. arieticanis by TEM
for the first time in Iran. The high frequency of Sar-
cocystis spp. indicates the importance of infection in
sheep as intermediate hosts. On the other hand, the
frequency of microscopic sarcocysts was determined
more than macroscopic sarcocysts infection. The re-
sult showed the important role of sentinel dogs to in-
duce sarcocystis infection in sheep.

Materials & Methods

Samples collection

From October 2018 to May 2019, tissue samples of the
esophagus and diaphragm were collected from sheep (> 2 years)
in a slaughterhouse in Mashhad city, the capital of Khorasan Ra-
zavi Province where is located at 36.18" north latitude and 59.36°
east longitude, Iran. The collected samples of each sheep were
separately kept in sealed plastic bags and transported in boxes
containing ice packs to the laboratory of pathobiology, Faculty
of Veterinary Medicine, Ferdowsi University of Mashhad, Iran.
For calculating sample size with an expected infection frequency
of 90% and confidence interval of 95 % and desired absolute ac-
curacy of 5 %, one hundred sheep were randomly selected [36].
All specimens were obtained from the sheep carcasses after they
were slain in the slaughterhouse under instructions of the Iran
Veterinary Organization and its regular commercial routine for
meat production for human use in the internal Iranian market.
So, there was not required specific ethics approval.

Macroscopic examinations

In the laboratory, all tissue samples were grossly examined
by the naked eye for the existence of macroscopic cysts. For bet-
ter visualization of the macroscopic cysts in muscle depth, in di-
aphragm samples at least 15 transversal sections were made with
a scalpel and in esophagus samples longitudinally cuts were done
with the scissor.

Tissue impression smears

The cut surface of each fresh tissue sample was pressed on a
glass slide, then fixed with absolute methanol, and finally stained
with Giemsa and examined for the existence of free bradyzoites by
a light microscope at x 40 and x 100 magnification [37].

Histopathologic examination

Rad et al. IJVST 2020; Vol. 12, No. 2
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First, two pieces from each esophagus and diaphragm sam-
ples, with or without macrocysts were fixed in 10 % neutral buff-
ered formalin, then dehydrated in graded ethanol alcohol series,
finally embedded in paraffin and made the paraffin wax blocks.
The tissue sections were prepared from the paraffin wax blocks by
tissue processor and stained conventionally with hematoxylin and
eosin (HE). Selected tissue sections with macrocysts were also
stained with periodic acid Schiff (PAS). Histological slides were
examined for sarcocysts and their wall features by light micros-

copy.

Transmission electron microscopy

Samples from eight sheep included two esophagus samples
that contained macrocyst, two esophagus samples contained mi-
crocyst, two diaphragm samples contained macrocyst and two
diaphragm samples contained microcyst were prepared for TEM.
The Specimens were fixed with 2.5 % glutaraldehyde solution in
0.1 M sodium cacodylate buffer (pH 7.4) at least for 2 h at room
temperature and stored refrigerated overnight. After fixation, the
samples were washed three times in sodium cacodylate buffer
0.1 M (pH 7.4), then post-fixed in 1 % osmium tetroxide for 2 h
at room temperature, dehydrated in graded ethanol [30, 40, 50,
70, 90, and 100 %), transferred to propylene oxide for 1 h and
finally embedded in Epoxy Resin then polymerization at 60 °C for
72 h in an oven. After polymerization, semithin sections (1 um)
were cut with an ultramicrotome (Ultracut R, Leica, Austria) and
stained with toluidine blue to determine the area of Sarcocystis
spp. cysts. Also, the ultrathin sections (80 nm) from the cyst area
were stained with uranyl acetate and lead citrate and examined
using a Zeiss Leo 912 AB transmission electron microscope at 120
kV[24,38].

DNA extraction and PCR method

Genomic DNA of each sheep sample was extracted via com-
mercial MBST Blood and Tissue Genomic DNA isolation kit
(Molecular Biological System Transfer, Iran) followed according
to manufacturer’s instructions. The extracted DNA was stored at
-20°C until use. Each reaction was carried out in a total volume
of 25uL, containing 1 pL of the sample DNA, 0.5 uL of each prim-
er, and 12.5 uL of PCR Master Mix. The conventional PCR was
performed to amplify a fragment of the subunit 18S ribosomal
RNA (18S rRNA) gene of Sarcocystis spp. with the forward (1L)
and reverse (3H) primer pair (Table 2). The PCR was performed
in a thermal cycler (Bio-Rad, USA) as follows: 95°C for 2 min,
followed by 40 cycles of 94°C for 40 s, 50-57°C for 1 min, 72°C for
1 min, followed by 72°C for 6 min [39]. The PCR products were
electrophoresed in 1.5 % agarose gels, then stained with ethidium
bromide and observed under ultraviolet light. DNA was extracted
from macrocyst of Sarcocystis spp. from an infected sheep as posi-
tive control and ultrapure water as negative control were included
in each experiment.

Gene sequencing

The amplicons were purified from the gel bands using the
Gel extraction kit (Dena Zist Asia, Iran) as per manufacturers’ in-
structions. Concentrations of the PCR products were evaluated
by spectrophotometry (Nanodrop ND1000). The purified PCR
products were submitted for sequencing (Faza Pajooh Co. Tehran,
Iran). The 18S rRNA gene nucleotide sequences were assembled
and edited using CLC bio software (CLC Main Workbench, Qia-
gen, Aarhus). The nucleotide sequences in the present study were
aligned with previously described sequences of Sarcocystis spp. in
GeneBank (NCBI) using the Clustal W method (Mega software
version 6). The nucleotide sequences obtained in this study were
deposited in GenBank (NCBI).

Histopathological, ultrastructural and molecular examination
of Sarcocystis spp. in sheep.
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Table 2.
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PCR primers used for amplification of 18S rRNA genes in Sarcocystis spp.

Length Product size Annealing

. . . " a)
Primer name  Orientation Sequence (53 (bp) (bp) E—— ) Reference
Primer 1L Forward CCATGCATGTCTAAGTATAAGC 22

900 55 39
Primer 3H Reverse GGCAAATGCTTTCGCAGTAG 20

Statistical analysis

To compare two microscopic methods the tissue impression
smear technique and routine histopathology technique, the Mc-
Nemar test was used. The SPSS version 25.0 (IBM Crop., USA)
was used for statistical analysis. Values of p < 0.05 was considered
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