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ABSTRACT

This study was aimed at the histopathological and immunohistochemical level investigate cardiac tissue lesions
caused by Sarcocystis spp. in sheep, and thereby, to collect detailed information on the presence of these parasites and
the pathogenesis of sarcocystosis in ovine animals. PCR, a molecular diagnostic method, was used for the identification
of the parasite species. Microscopic examination revealed that out of the 45 ovine cardiac tissue samples examined
23 contained Sarcocystis spp. cysts. The PCR analysis results showed that out of the 23 cardiac tissue specimens
infected with sarcocysts, 7 were determined to be infected with Sarcocystis gigantea and 16 with Sarcocystis tenella.
Immunohistochemical examination demonstrated that, semiquantitatively, MMP - 9 staining was stronger than MMP
- 2 staining in the periphery of the parasite cysts.
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Introduction

Sarcocystis spp. are ubiquitous protozoan (DUBEY, 1976; DUBEY et al., 2016; HAGNER

parasites found primarily in meat animals, as well
as in avian species, various reptiles and humans
(DUBEY et al., 1989). These parasites reproduce
sexually in the intestines of their definitive hosts,
which are carnivores, and asexually in the tissues
of their intermediate hosts, which are herbivores

*Corresponding author:

et al., 2018). Sarcocystis spp. form cysts in the
cardiac, laryngeal, esophageal, diaphragmatic,
lingual, masseter and skeletal muscles of their
intermediate hosts (O’TOOLE et al., 1986). The
most common species in sheep are Sarcocystis
ovicanis, Sarcocystis arieticanis, Sarcocystis ovifelis
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and Sarcocystis medusiformis (DUBEY et al.,
1989; LEVINE, 1986). Sarcocystis spp. cysts,
which are visible to the naked eye, are referred to
as macrocysts, whilst those not visible to the naked
eye are referred to as microcysts. Depending on
the parasite density, clinical symptoms such as
anorexia, abortion, ataxia, hair loss, sometimes
encephalomyelitis, myositis and even death can
be observed in sheep infected with sarcocysts
(DUBEY et al. 1989; O’TOOLE et al., 1986;
MUNDAY, 1984). These oval or rice grain-like
macrocysts, measuring 1 - 1.5 cm in size, detected
during carcass examination at the slaughterhouse,
cause major economic losses in the meat industry
as they are undesirable to the consumer and require
the conditional placement of meat on the market.
Light microscopy and ultrastructural examination
are used for detection of Sarcocystis species in
animals. Furthermore, serological tests, such as
the enzyme-linked immunosorbent assay (ELISA)
and indirect fluorescence antibody test (IFAT), are
also used for diagnosis of sarcocystosis in animals
and humans (LATIF et al., 1999; THOMAS and
DISSANAIKE, 1978). In recent years, polymerase
chain reaction (PCR) has started to be used
extensively and effectively for identification of
Sarcocystis spp. (PRITT et al., 2008).

Matrix metalloproteinases (MMPs), which
belong to the neutral endopeptidase family, are Ca*
dependent and Zn** containing enzymes that are active
at neutral pH and capable of degrading extracellular
matrix (ECM) proteins and basal membrane
components. Depending on the type, MMPs are
secreted as proenzymes by various cells, including
endothelial cells, fibroblasts, vascular smooth muscle
cells, T lymphocytes, thrombocytes, osteoblasts,
chondrocytes, keratinocytes, macrophages, neutrophil
leukocytes, epithelial cells, and mesenchymal
cells (GALIS and KHATRI, 2002; NAGASE
and WOESSNER, 1999; NAGASE et al., 2000).
MMP - 2 and MMP - 9, which are gelatinases, are
responsible for degradation of collagen and the
basal membrane, as well as for degradation of the
extracellular matrix of endothelial and epithelial
cells, lipocytes, myelocytes and peripheral neurons.
MMP expression increases during the tissue
remodeling associated with various physiological
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and pathological conditions induced by factors
that influence gene transcription (BEAUDEUX
et al., 2004). In the heart, MMPs are localized in
the cardiomyocyte sarcomere and are activated
by acute cardiac injury (SCHULZ, 2007). It is
reported that both the activity and expression of
MMPs increase in the event of several cardiac
pathologies (CREEMERS et al., 2001). It has been
demonstrated that the determination of MMP - 2
and MMP - 9 levels by molecular methods is useful
in the early diagnosis of certain parasitic infections
(NISHIZUKA et al., 2001; BEAUDEUX et al.,
2004; SCHULZ, 2007; CREEMERS et al., 2001,
BRUSCHI et al.,, 2014; BRUSCHI et al., 2016;
CHIU and LAI, 2014). Previous research is available
on the determination of the presence and levels of
MMP - 2 and MMP - 9 in cardiac tissue lesions by
immunohistochemical methods (CABALLERO et
al., 2018). The present study aimed to demonstrate
both the presence of MMP - 2 and MMP - 9 in cardiac
tissue, and the correlation of the presence of these
enzymes with lesions by immunohistochemistry in
cases of myocardial sarcocystosis.

Materials and methods

The material for the study constituted 45 ovine
heart tissues. The sheep were of different breeds
and ages, and were submitted to the Pathology
Department of Harran University, Faculty of
Veterinary Medicine, for necropsy.

Macroscopic examination. No sarcocysts were
found in the gross examination of the hearts of
45 sheep. The samples of heart tissue were taken
randomly from the right-left ventricle and atria.

Histopathological examination. The heart
tissues were fixed in 10% buffered formalin for
histopathological examination. The samples were
processed routinely, and sections were cut 4 um
thick and examined after staining with Hematoxylin
and Eosin (H&E).

DNA extraction. DNA was extracted from
23 cardiac tissue specimens using the Invitrogen
PureLink™ Genomic DNA Mini Kit (USA,
K182002). Extracted DNA was stored at - 20 °C
until further use.

PCR reaction. The 18s rDNA gene of
Sarcocystis spp. was amplified with the primers
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F: CGCAAATTACCCAATCCTGA and R:
ATTTCTCATAAGGTGCAGGAG, previously
used by Braunig (BRAUNIG et al., 2016). Twenty-
five mL of the mastermix was added to 10 pmol of
the forward and reverse primers, 200 uM dNTPs,
2.5 mM MgCl2, 2.5 U Taq Polymerase and 10X
PCR buffer, nuclease-free water and DNA. The
PCR reaction was performed as follows: After
initial denaturation at 95 °C for 15 minutes, there
were 40 cycles of denaturation (95 °C, 40 seconds),
annealing (59 °C, 30 seconds) and elongation (72 °C,
1 min), ending with a final elongation at 72 °C for
6 min. The PCR products were stained with Safe-
T-Stain, run on 1.5% agarose gel, and gel images
were captured.

Sequence Analysis of Positive Samples. For the
Sarcocystis spp. identification, two PCR products
of 700 bp were sequenced bidirectionally. The
sequencing results were aligned and compared
with reference sequences deposited in the GenBank

database using the Basic Local Alignment Search
Tool (BLAST) program.

Immunohistochemical  examination. The
streptavidin-biotin-peroxidase technique was used
for detecting MMP - 2 (Thermofisher, MAS5 - 13590)
and MMP - 9 (Thermofisher, PAS - 13199). The
antibodies differed for the immunohistochemical
staining procedure. These differences are
presented in Table 1. Negative control sections
were incubated with PBS instead of the primary
antibody. All immunohistochemically stained
sections were examined under a light microscope
for the presence of cells that stained positively for
MMP - 2 and MMP - 9 and for the location of the
staining. In view of the distribution and intensity
of the immunohistochemical staining, five regions
were randomly selected in each section using a x
40 objective, and the positively stained cells were
counted in these five regions.

Table. 1. Antibodies used and staining process differences

Antibodics Dilution Ant.lgen Primer antibody gppllcatlon heat Chromogen
rate retrieval and time
. Citrat buffer
Rabbll\t/lllz/c[);)yglonal 1: 200 10 minutes, 100 watt, Room temperature, 1 hour AEC
microwave,
. Citrat buffer
Rabblltv[rrl\l/(l)lr)l(;clonal 1: 100 15 minutes, 100 watt, 37 °C incubatore, 1 hour DAB
microwave,

Statistical analysis. For statistical analysis, the
average number of cells counted on five different
microscope areas for each sample was used. The
relationship between cell counts stained positive
with different antibodies in parasite infected tissues
was evaluated by two-way analysis of variance.
The relationship between the number of cells
stained with different antibodies within the control
as well as the infected groups was analyzed by
using Pearson correlation analysis. For statistical
analysis the SPSS 17.0 package program was used.
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Results

Histopathological results. The prevalence of
infection with Sarcocystis species in the sheep was
51.1% (23/45), and sarcocysts were detected in
the myocardium. In the microscopic examination,
sarcocysts were also observed embedded in cardiac
muscle bundles and Purkinje fibers. Although
numerous sarcocysts were detected in myofibers
and Purkinje fibers, surrounding the sarcocyst there
was no infiltration of inflammatory cells shown in
the areas where the muscle bundles and muscle
fibers were intact (Fig. 1).
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Fig. 1: The numerous sarcocysts in myofibers
(black arrows), (H&E; x 20).

PCR results. All the 23 specimens that were
tested with PCR produced specific bands of 700 bp

(Fig. 2).

Sequence analysis of the 18s rDNA gene. PCR
positive tissues were bilaterally sequenced for
consensus sequencing analysis of the specimens.
Comparison with the relevant reference genes
deposited in the GenBank database (MK420020.1,
MKO045326.1,KC209733.1, MK045325.1,1.24384.1,
AF441290.1, MN398408.1) demonstrated that
seven of the sequenced specimens were similar to
Sarcocystis gigantea at a rate ranging from 92.74%
to 99.83%. When compared to the relevant genes
deposited in GenBank (MF401626.1, KP263759.1,
KC209734.1, MK420019.1, MF039329.1, LC214878.1,

Fig. 2. PCR image of Sarcocystis spp (M: Marker;
N: Negative control; P: Positive control;

KP263755.1,KP263753.1,KC209737.1,MK420018.1,
KP263758.1,KP263756.1, KP263754.1, KP263752.1,
KP263757.1,KY614537.1,LC214879.1, MH413034.1),
the remaining 16 sequenced specimens were
determined to show similarity to Sarcocystis tenella
at a rate ranging from 98.14% to 98.91%. Thereby,
on the basis of the results of PCR sequence analysis
it was determined that, out of the 23 cardiac tissue
samples containing sarcocysts, seven (30.43%)
were infected with Sarcocystis gigantea and 16
(69.56%) were infected with Sarcocystis tenella.

Immunohistochemical results. MMP - 2 (Fig.
3a) and MMP - 9 (Fig. 3b) were stained positively
in the heart tissue. Immunostaining was defined as
exclusively cytoplasmic of the muscle around the
parasite cyst.

Fig. 3. (a) MMP-2 positive staining in the cytoplasma of the muscle (white arrows) around the parasite cyst
(black arrows), (IHC; x 20); (b) MMP-9 positive staining in the cytoplasma of the muscle (white arrows)
around the parasite cyst (black arrows), (IHC; x 20).
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Statistical results. The antibody used and the
infected with parasite status had a significant
effect on the number of cells stained (P<0.001).
While the number of cells stained with MMP - 2
was higher than those stained with MMP - 9 in the
sample without parasites i.e. normal heart tissue,
the number of cells stained with MMP - 9 was
higher than in the sample stained with MMP - 2

in the group infected with parasites. A significant
interaction was also observed between the antibody
used and infected-with-parasite status (P<0.001).
Pearson correlation analysis revealed no
significant relationship between the number of cells
stained with MMP - 2 and MMP - 9 for either the
control or the infected group (P>0.05) (Table 2).

Table 2. The effect of infection status and antibody used on the positive stained cells number

. Std. P P P
Antibody Mean Error (Antibody) (Infection) (Interaction)
MMP-2 13,583 0,625
Control
MMP9 8,548 0,625 0.001 0.001 0.001
Parasited MMP-2 41,670 0,625 ' ' '
rasi
araste MMP9 90,504 0,625
Discussion in the present study is in agreement with the results

Sarcocystis spp. are common parasites with a
worldwide distribution in humans and many animal
species, and mainly infect the skeletal and cardiac
muscles (NOUROLLAHI-FARD et al., 2015).
The results of the present study showed a high
frequency of microscopic Sarcocystis infection in
sheep raised in southern Turkey. Previous research
conducted in Turkey pointed out differences in the
incidence rates of Sarcocystis spp. macrocysts and
microcysts. Accordingly, in the Konya province
and its vicinity, the incidence rates of macrocysts
and microcysts were found to be 19.76% and
92.95% (SEVINC et al., 2000), respectively,
whilst in the Kirikkale province, the total incidence
rate of macrocysts and microcysts was 58.92%,
and the incidences of macrocysts and microcysts
alone were 20.53% and 47.32% (OZKAYHAN
et al., 2007). Additionally, Gokpinar reported an
incidence of 91% for microcysts (GOKPINAR
et al.,, 2014). While the abovementioned studies
previously conducted in Turkey were based on
the examination of the esophageal, diaphragmatic
and intercostal muscles of sheep, the present study
was based on the examination of cardiac tissue
alone. In the present study, while macrocysts were
not detected in the ovine myocardial specimens
examined, microcysts were determined at a rate of
51.1%. The fact that macrocysts were not detected
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of previous research indicating that macrocysts are
rarely formed by Sarcocystis spp. in cardiac tissue
(DUBEY, 1976; PORTELLA et al., 2016; DONG
et al. 2018). Recent studies on sarcocystosis in
Turkey have revealed prevalence rates of 91% for
mixed infection with S. tenella and S. arieticanis
(GOKPINAR et al.,, 2014) and 86.5% for S.
ovicanis and S. arieticanis (BEYAZIT et al., 2007).
In a study conducted by Portella (PORTELLA et
al., 2016), while macrocysts were not detected in
the ovine myocardium, microcysts were present
at a rate of 76.2% (61 / 80, 95% CI: 66.9 - 85.9).
Although these macrocysts showed morphological
similarity to S. fenella and S. arieticanis, PCR
results revealed 21.2% (17 / 80, CIL: 12.3 - 30.2)
similarity to Sarcocystis spp. DNA (PORTELLA et
al., 2016). Furthermore, varying incidences have
been reported for ovine myocardial sarcocystosis.
While Gopal et al., (2016) reported an incidence
of 72.2 %, Al Quraishy et al., (2014) reported
incidence rates of 40%, 44 % and 53% for the
Niemy, Najdy and Sawakny regions, respectively.
In the present study, the incidence rates determined
for Sarcocystis gigantea and Sarcocystis tenella
were 30.43% and 69.56%, respectively.

MMPs are enzymes, which are involved in
physiological processes such as tissue restructuring,
morphogenesis, wound healing and normal
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development, as well as pathological processes
such as tumor cell invasion, angiogenesis and
metastasis (GALIS and KHATRI, 2002 NAGASE
and WOESSNER, 1999; BEAUDEUX etal., 2004).
To date, 23 types have been sequenced in humans.
MMP - 2 and MMP — 9 Types 1V, VII and X, all
of which are classified as gelatinases according to
substrate specificity, degrade collagen (VISSE and
NAGASE, 2003).

Literature reports are available about the
correlation of MMP - 2 and MMP - 9 with parasitic
infections (NAGASE and WOESSNER, 1999;
VERMA et al., 2011; HSU et al., 2005). However,
the correlation of MMP - 2 and MMP - 9 with ovine
myocardial sarcocystosis has not been investigated
before. In the present study, immunohistochemical
staining revealed that, despite the fact that
MMP - 9 staining was stronger than MMP - 2
in infected cardiac tissue, MMP - 2 staining was
semiquantitatively stronger than MMP - 9 in the
normal heart tissue without parasites. This result
obtained in control tissue samples was attributed to
MMP - 2 being expressed mostly at relatively low
levels in normal resting tissues, which implies the
functional role of this enzyme in tissue homeostasis,
for instance continuous ECM remodeling. MMP -
9 staining being stronger in infected tissues was
attributed to the gelatinolytic activity of this enzyme,
as previously stated by Bruschi (BRUSCHI et al.,
2016). The present study demonstrates, for the first
time, the correlation between myocardial lesions
caused by Sarcocystis spp. and the presence of
MMP - 2 and MMP - 9 in ovine cardiac tissue by
means of immunohistochemical methods.
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SAZETAK

Cilj je ovog rada bio histopatolosko i imunohistokemijsko istrazivanje lezija sr¢anog tkiva uzrokovanih parazitom
Sarcocystis spp. u ovaca te prikupljanje detaljnih informacija o prisutnosti ovih parazita i patogenezi sarkocistoze u
ovaca. Molekularna dijagnosticka metoda PCR upotrijebljena je za identifikaciju parazitskih vrsta. Mikroskopska
analiza pokazala je da su od 45 uzoraka sr¢anog tkiva ovaca 23 sadrzavala ciste parazita Sarcocystis spp. Na temelju
rezultata PCR analize od 23 uzorka srcanog tkiva invadirana sarkocistama 7 uzoraka bilo je invadirano vrstom
Sarcocystis gigantea, a 16 uzoraka vrstom Sarcocystis tenella. Imunohistokemijska pretraga pokazala je da je,
semikvantitativno, MMP-9 obojenje bilo jace od obojenja MMP-2 na periferiji cista parazita.
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