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ABSTRACT

This study aimed to investigate factors established to be independently associated with parasitic
infection such as the gender, seasons and tissues (oesophagus, heart, diaphragm and tongue). Examination of
194897 sheep out of which 129635 males and 65262 females revealed that 9062 sheep were found to be
infected (6128 males and 2934 females). The examination of 27720 goats out of which 17809 males and 9911
females exposed those 969 goats were found to be infected (491males and 478 females). Also, results showed
that incidences of sheep sarcocystosis among the studied sheep observed to be gradually decrease from the
highest infection percent of 5.5% in summer, 4.7% in Autumn, 4.4% in winter to reach its minimum during
spring (4%). Regarding goats sarcocystosis among the studied goats observed to be gradually decrease from
the highest infection percent of 3.5% in summer, 3.4% in Autumn, 3.4% in winter to reach its minimum during
spring (2.7%). For sheep regarding Mincing and tissue squash method, 62% of sheep were infected in
esophagus (48% males and 14% females), 52% were infected in heart (42% males and 10% females), 24%
were infected in diaphragm (18% males and 6% females) and 68% were infected in tongue (52% males and
16% females). Meanwhile in Cellophane adhesive, 48% of sheep were infected in esophagus (36% males and
12% females), 50% were infected in heart (38% males and 12% females), 26% were infected in diaphragm

(18% males and 8% females) and 72% were infected in tongue (50% males and 22% females).
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INTRODUCTION

Sarcocystis was first reported in 1843 by Miescher
as white threadlike cysts in striated muscles of a house
mouse, without a scientific name. Then after 20 years, the
parasite was simply referred to as Meischer’s tubules.
Sarcocystis spp. are cyst forming intracellular protozoan
parasites with an obligatory prey predator. Two host)
lifecycle. Asexual stages develop in intermediate hosts after
they ingest the oocyst stage from definitive-host faeces and
terminate with the formation of intramuscular cysts
Sarcocystis (Jehle et al., 2009).

Sarcocystosis identified as one of the most commonly
protozoan diseases in the world, it has specific life cycle,
because it depends on prey — predator relationship. Carnivores
acting as definitive, as well as humans, while the intermediate
host are mainly livestock animals, which their meat are
consumed by the final hosts, include cattle, buffalo, sheep,
and goats, as well as pigs (Saki et al., 2010). These animals
affected with asexual form of parasite which called (Tissue or
muscular cyst), studies registered that frozen buffalo meat has
multiple Sarcocystis infections (Mohamed et al., 2016; El-
kady et al., 2018). Typically, the definitive hosts do not show
any clinical signs of Sarcocystosis, while the disease mainly
was asymptomatic in intermediate host when infected.
Occasionally, some animals have clear clinical singes
according the site of tissue cyst such as mild fever, diarrhea,
chills, general weakness, respiratory problems may occur and
neurological singes (Faraj and Kawan, 2012; Lau et al.,
2014). Traditional methods such as macroscopic and
microscopic techniques are mainly used to diagnosis,

" Corresponding author.
E-mail address: shabang.010017@univsul.edu.iq
DOI: 10.21608/jappmu.2021.204699

additionally, molecular assay are a range of DNA based
technique for the detection of Sarcocystis parasites (Kawan,
2019). Sarcocystosis infections in small ruminants such as
sheep and goats are common and are the major cause of
abortions worldwide resulting in major economic losses in
sheep and goat industries (Buxton et al., 2007; Dubey, 2010;
Innes, 2010; Innes et al., 2009). Sheep can also be infected
with several different species of Sarcocystis, and which are
normally identified during microscopic examination.
Carcasses showing macroscopic cysts are normally discarded
during meat inspections causing major production losses and
the cost of Sarcocystis infections in small ruminant was
estimated to be around 20 million euros a year in a study in
Spain from 145 farms (Martinez-Navalén et al., 2012).
Among the previously reported species of Sarcocystis, S.
tenella and S. arietianis (transmitted by canids) are frequently
identifiable by microscopic cysts morphology, and S.
gigantean and S. medusiformis (transmitted by cats) are
identified by the observation of macroscopic cysts in the
muscle tissue (Dubey et al., 2015; Ortega-Mora, 2007). The
aims of this study are knowledge of the prevalence and
identification of Sarcocystosis (micro and macro cysts in
different site and organs) among sheep and goats and estimate
the molecular prevalence and genetic characterization of
Sarcocystis species in Sulaymaniyah slaughterhouse.

MATERIALS AND METHODS

During the course of this study which extended from
August 2020 to January 2021, tissue samples involving the
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esophagus, diaphragm and heart were randomly collected
from 200 sheep (male and female) and 200 goats (male and
female) in general slaughterhouse in Sulaymaniyah
province, careful examination was conducted prior to
slaughtering to make sure that all included sheep and goats
were healthy before being slaughtered.

Samples collection

Tissue samples involving the esophagus, diaphragm
and heart were randomly collected from 200 sheep (male
and female) and 200 goats (male and female) in
slaughterhouse. Different samples were collected also
different seasons from different organs, isolated,
Macrocystis spp., in diaphragm, esophagus and heart in
sheep and goats.

Molecular study:

The number of samples taken is 80, which 40
samples from sheep and 40 samples goats. Also, 20 of
esophagus and 20 from diaphragm. For molecular analysis,
soft cysts of the macrocystis were dissected, washed several
times in0.01 M phosphate-buffered saline (pH 7.2), and
stored at—20 °C until DNA extraction.

DNA extraction:

G-spin™ Total DNA Extraction Mini Kit, Korea
was used for DNA extraction where according to provider's
protocol and after collecting extracted macrocystis in a Petri
dish. 20mg of tissue and transferred into a 1.5 ml micro-
centrifuge tube and added 200 pl of Lysis Solution. Added
20 ul of proteinase K solution (20 mg/ml) to the sample
tube, mixed by vortexing, and incubated at 56 °C until the
tissue was completely lysed: Vortexed occasionally during
incubation to disperse the sample for 15 minutes, then added
200 pl of Binding Solution to the sample tube, and mixed

Table 1. Summary of steps involved in PCR.

well by pulse-vortexing for 15 sec. Incubated at 56 °C for
10 min. Added 200 pl of absolute ethanol and mixed well
by pulse-vortexing for 15 sec. after this step, briefly spun
down to get the drops cleaning under the lid, carefully
transferred the lysate into the upper reservoir of the spin
column with 2.0 ml collection tube without wetting the rim.
Centrifuged at 13000 rpm for 1 min: Pour off the flow-
through and assemble the spun column with the 2.0 mi
collection tube. Added 500 ul of Washing 1 solution to the
spin column with collection tube and centrifuged at 13,000
rpm for 1 min; pour off the flow-through and assemble the
spin column with the 2.0 ml collection tube. Added 500 pl
of washing 2 solution to the spin column with collection
tube and centrifuged at 13,000 rpm for 1 min: pour off the
flow-through and assemble the spin column with the 2.0 ml
collection tube. Dried the spin column by additional
centrifugation at 13,000 rpm for 1 min to remove the
residual ethanol in spin column, after transferred the spin
column to the new 1.5 ml micro-centrifuge tube. Added 150
pl of Elution Solution to the spin column with micro-
centrifuge tube, and let stand for at least 1 min. Eluted the
genomic DNA by centrifugation at 13,000 rpm for 1 min.
PCR-reaction:

PCR reaction was carried out in 30 ml of Premix
(AccuPower PCR PreMix, Korea). Twenty-five microliters
of Taq Master Mix were used with 10 ng template DNA,0.1
uM of each primer and distilled water. Cycles of PCR are
summarized in (Table- 1). the amplified DNA obtained after
PCR procedure was electrophoresed using 2% agarose gel,
stained with Ethidium Bromide (0.5 pg/ml) and visualized
under the UV light.

Primer

Amplification program

Forward (F): 5’>GCACTTGATGAATTCTGGCA3’

Reverse (R): 5’>CACCACCCATAGAATCAAG 3’

Product: 600 Bp (Bahari, et al.,2014)

2LF: GGATAAACCGTGGTAATTCTATG

Primer 3HR: GGCAAATGCTTTCGCAGTAG

Product: 850 Bp Choi et al. (2018); Kalantari et al. (2016); Yang
et al. (2001); Calero-Bernal et al. (2014)

Primer S1IF: GAATCCAAACCCCTTTCAGAGT

Primer 1HR: TATCCCCATCACGATGCATAC

Product: 1050 Bp (Choi et al. (2018); Formisano et al. (2013)

Stage Temperature (C°) Time cycles
Denaturation 95 5min
Denaturation 95 30 sec
Annealing 55 45 sec
Extension 72 30 sec
35X
Final 72 10 in

Statistically analysis

Statistical analysis was done to evaluate the results
with a confidence interval using Chi-square test
independence (p < o0.0l) between the seasons, organs
(Oesophagus, Diaphragm and Heart) and sex in sheep and
goats.

RESULTS AND DISCUSSION

Results

The prevalence of the revealed sarcocystis were
reported in all seasons of the year in Sulaymaniyah
slaughterhouse during different seasons in 2020-2021. Our
results as illustrated in Table (2), showed the highly
significant between seasons that incidences of sheep
sarcocystosis among the studied sheep observed to be
gradually decrease from the highest infection percent of
5.5% in summer, 4.7% in Autumn, and 4.4% in winter to

reach its minimum during spring (4%). Regarding males,
the highest infection rate was in autumn (5.84%) while the
lowest was spring (3.09%). On the other hand, the highest
infection rate in females was in spring (5.89%) while the
lowest was in Autumn (2.56%).

Our results as illustrated the highly significant
between seasons in Table (3), showed that incidences of
goat’s sarcocystosis among the studied goats observed to be
gradually decrease from the highest infection percent of
3.8% in summer, 3.6% in autumn and winter to reach its
minimum during spring (2.9%). Regarding males, the
highest infection rate was in summer (3.37%) while the
lowest was spring (2.17%). On the other hand, the highest
infection rate in females was in winter (5.89%) while the
lowest was in spring (4.35%). The infection rate found to be
higher in females than males.
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Table 2. The prevalence rate of Macrocystis spp., in sheep in Sulaymaniyah slaughter house during different seasons

in 2020-2021.
Seasons No. of examination  No. of infections % Male +/% -/% Female +/% -/%
2688 1779 30621 909 15402
Summer 48711 5.506 32400 54905 04510 16311 5570 94.43%
2257 1849 29795 15932 408 15524
Autumn 47576 4.7% 31644 cody,  04.16% 256%  97.45%
: 1886 1361 27397 525 13952
Winter 43235 4.4% 28758 730, 9527% 14717 3630 96.37%
: 2231 1139 35693 1002 17450
Spring 55374 4.0% 36832 30905  96.91% 18542 £og0  94.11%
Total 194896 9062 129634 6128 123506 65262 2034 62328
Table 3. The prevalence rate of Macrocystis spp., in goats in Sulaymaniyah slaughter house during different seasons
in 2020-2021.
Seasons No. of Examination No. of infections %  Male +% -% Female +% -%
317 181 5103 136 2854
Summer 8364 3.8% 5374 3379 96.63% 2990 455%  95.45%
738 118 4007 120 2925
Autumn 6560 3.6% 4215 5800 97.0% 2345 512%  94.88%
) 19 89 3377 107 1823
Winter 539% 3.6% 3466 o570 97.43% 1930 554%  94.46%
) 218 103 4651 115 2531
Spring 7400 2.9% A4 o470 97.83% 2646 435%  95.65%
Total 27720 969 17800 491 17318 9911 478 9433

Examination of 194897 sheep out of which 129635
males and 65262 females as presented in Table (4) revealed
that 9062 sheep were found to be infected (6128 males and
2934 females) resemble 4.7% of the total examined sheep.
Out of the infected sheep were (67.6% males and 32.4%
females). Examination of 27720 goats out of which 17809

males and 9911 females as presented in Table (4) revealed
that 969 goats were found to be infected (491 males and 478
females) resemble 3.5 % of the total examined goats. Our
results is highly significant between prevalence sheep and
goats because P value <0.01, Out of the infected goats
50.7% were males and 49.3% females.

Table 4. The prevalence rate of Sarcocystosis (Macrocystis) in sheep and goats in 2020-2021.

Animals No. of examined No. of infected % Male +/% - 1% Female +/% -[%
9062 6128 123507 2034 62328
Sheep 104897 2002 120635 o0 3200 65262 B Saas
969 491 17318 78 9433
Goats 21720 3.5% 17809 50706 97.24% 9911 493%  95.18%
Total 222617 10031 47404 6619 140825 75173 3412 71761

In the sheep samples screened 9062 sheep were
found to be infected including 6146 males (67.8%) and 2916
females (32.2%),(Table 5). In this result shows the highly
significant between the different organs, regarding male
sheep, the highest positive rate which was 80.4% occurred
in male diaphragm, followed by esophagus was 59.9% and
57% of heart, the highly positive prevalence cases of female
shows in heart 43.0%, followed the esophagus 40.1%, and
the lowest in of diaphragm19.6%.

Table 5. The prevalence rate of Macrocystis spp., in
different organs in goats during 2020-2021.

Tissues/ organs No. Positive Male %  Female %
Esophagus 5414 3242 599 2172 401
Heart 128 73 57 55 43
Diaphragm 3520 2831 804 689 19.6
Total 9062 6146 67.8 2916 322

In the goat samples screened 969 goats were found
to be infected including 491 males (50.7%) and 478 females
(49.3%). (Table 6).0Our result shows the highly significant,
regarding male goats, the highest positive rate which was
67.3% occurred in male diaphragm, followed by heart
54.0% and esophagus 41.5%. On the other hand, regarding
the positive prevalence cases of female goats the highest
positive rate which was 58.5% occurred in esophagus,
followed by heart 46% and diaphragm 32.7% the lowest. .

Table 6. The prevalence rate of Macrocystis in goats in
Sulaymaniyah slaughter house in different
organs during 2020-2021.

Tissues/ organs No. positive Male %  Female %
Esophagus 561 233 415 328 58.5
Heart 124 67 54 57 46
Diaphragm 284 191 67.3 93 32.7
Total 969 491  50.7 478 49.3

Identification of sarcocystis species in different
organs in sheep, using a molecular test.

Molecular characterization of samples isolated from
sheep:

The PCR amplification revealed that the 20 isolated
samples from diaphragm and esophagus of sheep where 5
compared to 33R, 33F primer, 5 to 2LF, SIF primer, 5 to
44R, 44F primer and 5 to 11F, 22R primer while 20 samples
from diaphragm of sheep where 5 compared to 33R, 33F
primer, 5 to 2LF, SIF primer, 5 to 44R, 44F primer and 5 to
11F, 22R primer.

The partial 18S rRNA gene was amplified in all
tested samples and yielded the expected amplicon PCR size
of 600 base pairs for the 18 out of the 20 examined
diaphragm and samples while showed no bands clear bands
for 16 samples of esophagus while three samples showed
band in comparison with 44R, 44F and 33R, 33F primers
around 500 base pair and one showed a band in comparison
with 11F, 22R primer at and yielded the expected amplicon
PCR with molecular size of 600 base pairs the expected 600
base pair as illustrated in figure 1.
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600 Bp

600 Bp

Figure 1. PCR products of partial 18S rRNA gene of
Sarcocystis spp. isolated from sheep, presented
bands at 600 base pair on 1% agarose gel. M:
100 bp size marker. 1-10 E (samples isolated
from esophagus) and 1-10 D (samples isolated
from diaphragm).

The PCR amplification revealed that 40 isolates
produced a positive band on gel electrophoresis with
different amplicon molecular sizes. The partial rRNA gene
was amplified in all tested samples and yielded the expected
amplicon PCR size of 850, 690, 600 and 570 bp in sheep.

Identification of sarcocysts species in different
organs in goats, using a molecular test.

Molecular characterization of samples isolated from
goats:

The PCR amplification revealed that the 20 isolated
samples from diaphragm of goats where 5 compared to 33R,
33F primer, 5 to 2LF, SIF primer, 5 to 44R, 44F primer and
5 to 11F, 22R primer while 20 samples from diaphragm of
goats where 5 compared to 33R, 33F primer, 5 to 2LF, SIF
primer, 5 to 44R, 44F primer and 5 to 11F, 22R primer. The
samples from diaphragm of goats showed no bands in
comparison with 33R, 33F primer and showed clear bands
with isolates produced a positive band on gel electrophoresis
and yielded the expected amplicon PCR with molecular size
of 600 base pairs for the 5 samples compared 2LF, SIF
primer samples while showed no bands for the 5 samples
compared with 44R, 44F primer and also showed clear
bands with the 5 samples compared with 11F, 22R primer
and yielded the expected amplicon PCR with molecular size
of 600 base pairs as illustrated in figure 2.

Regarding the 20 samples of esophagus none of the
samples yielded clear band in comparison with the used
primers except only one band showed the expected band
around 600 base pair in comparison with 44R, 44F primer
as illustrated in figure 2.

600Bp

600Bp

Figure 2. PCR products of partial 185 rRNA gene of
Sarcocystis spp. isolated from goats, presented
bands at 600 base pair on 1% agarose gel. M:
100 bp size marker. 1-10 E (samples isolated
from esophagus) and 1- 10 D (samples isolated
from diaphragm).

The PCR amplification revealed that 40 isolates
produced a positive band on gel electrophoresis with
different amplicon molecular sizes. The partial rRNA gene
was amplified in all tested samples and yielded the expected
amplicon PCR size of, 850, 690, 600 and 570 bp in goats.

This is the molecular and ultrastructural study of
ovine and caprine sarcocystis infection in Sulaymaniyah
Kurdistan, Irag. The present finding showed that the isolated
sarcocytis spp. Were most closely related to S. gigantea, S.
moulei, and S. medusiformis and may consider them as
sibling strains; the cross-infection may happen among sheep
and goats.

Discussion

Our results as illustrated in Table (2), showed the highly
significant between seasons that incidences of sheep
sarcocystosis among the studied sheep observed to be gradually
decrease from the highest infection percent of 5.5% in summer
and 4.7% in Autumn, our result closely similar with (Mahran,
2009) and (Aly, 2012) who stated that sarcocysts infection in
sheep reaches its peak during Winter and Summer,
respectively. A hypothesis might explain the variation in the
results of the previously mentioned studies is that, the cysts
represent the chronic, longest and persistent stage of
Sarcocystis species life cycle (Beyer and Radchenk, 2001).
Temperature has an important role on the viability of
Sarcocystis sporocysts in the pasture (Dubey et al. 1989).
Prevalence of explained by the assumption that during the hot
and therefore, once the cyst is formed, it persists in the tissues
for long period and could be noticed all over the year.
Prevalence rates of Sarcocystis infections in sheep worldwide
can vary between different countries, and can range from an
undetectable level to 100%, showing that the genus Sarcocystis
is widespread in various countries (Dubey et al., 2015).

The results as illustrated the highly significant
between seasons in Table (3), showed that incidences of
goat’s sarcocystosis among the studied goats observed to be
gradually decrease from the highest infection percent of
3.8% in summer, High prevalence of Sarcocystis
microscopic and macroscopic cysts have been recorded in
goats (Dubey et al., 2015) which disagreement with our
results. In a study in Riyadh, in Saudi Arabia, 77% of goats
slaughtered for meat consumption were shown to have
natural infections with Sarcocystis species (Al-Hoot et al.,
2005) and in the study by (Amairia et al., 2018) infections
with Sarcocystis were reported to be 50.4% from 121
slaughtered goats from a regional slaughterhouse in north-
west Tunisia. Moreover, a study in south-western China,
77.3% of goats infected with sarcocystis (Hu et al., 2016)
The epidemiological study of Sarcocystis infection in goats
was 71% in Bangalore. The results of the survey were in
agreement with (Lal Singh, 1991), (Dayashanker, 1991) and
(Agarwal et al., 1991) who reported higher prevalence rates.
But (Aulakh, 1997) and (Wadajkar, 1994) reported lower
prevalence rate in Ludhiana and Marathwada regions,
respectively.

The results presented in Table (4), the highest
infection in sheep males is (67.6%) and infected goats were
3.5 % which lowest rate in females which (49.3%). that our
study closely agreement with (Al Quraishy et al., 2014) in
the study in Saudi Arabia, sarcocystis spp. were identified in
85.8% of domestic sheep. High prevalence of Sarcocystis
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microscopic and macroscopic cysts have been recorded in
goats (Dubey et al., 2015). In Duhok province (Hussein,
2015) found the rate 1.2% and 2.6% in sheep and goats
respectively.

In (Table 5 and 6) the results show the highly
significant between the different organs, regarding, the
highest positive rate in esophagus, followed by diaphragm
and lowest rate of heart in sheep and goats respectively, our
result agreement with Beyazit et al., (2007) noted the
highest prevalence of macrocysts in the esophagus in a
group of sheep and goats studied in Turkey, and also
(Barham et al., 2005) found the highest rate of infection
99% in esophagus and lowest rate 3% in diaphragm of goats
in Sulaymaniyah province.

The distribution of sarcocysts in different tissues of
goats was studied by (Lal Singh, 1991) and (Agarwal et al.,
1991) where in esophagus the most was infected among all
other tissues screened. However, (Dayashanker, 1991)
reported diaphragm as the most infected tissue followed by
esophagus, while our result agreement with (Singh et al.,
1990) reported tail muscles as primary site of infection. In
the present study also, esophagus was the most infected
organ in the female goats.

In our results of ultrastructural and molecular
analysis of macroscopic sarcocysts revealed three different
types of sarcocystis in diaphragm and esophagus of (sheep
and goats), the results indicated that all of them represented
S. gigantea, S. medisiformis and S. moulei. There are only
two validated macroscopic species of Sarcocystis described
in sheep; S. gigantea and S. medisiformis. S. gigantea spread
all over the world, including Iraq (Al-Hyali et al., 2011),
whereas S. medisiformis was only reported in Italy, Iran,
New Zealand, Spain, Jordan and Australia (Collins et al.,
1979; Dubey et al., 2016). The presence of S. moulei in the
ovine esophagus has indicated that sheep may be a suitable
host for S. moulei which has previously been documented
for goat parasitization. Our result is agreement with
Elmishmishy et al. (2018) stated that a very close
phylogenetic interaction occurred between S. gigantea and
S. moulei, a specific goat species rarely recorded in sheep,
and suggested cross-transmission between these two hosts.
Furthermore, similar results were recorded in Iran and
suggest that sheep can be a convenient and alternative host
for S. moulei. (Kalantari et al., 2016). Furthermore, other
researchers concluded that Sarcocystis spp. sheep and goats
are closely related and should be grouped together
(Metwally et al., 2019).

In this study, molecular detection was performed
using partial 18S rRNA gene for confirmation of Sarcocystis
spp. genotype. Variable regions of the 18S rRNA gene serve
as useful targets for the classification and characterization of
different species (Neefs et al., 1991; Yang et al., 2001).
Furthermore, 18S rDNA is particularly suitable for
phylogenetic investigations as its high conservation and
examination of its variable regions allows identification of
species within the genus. (Maidak et al., 1997; Ng et al.,
2015). Generally, S. gigantea and S. medusiformis has been
reported less frequently compared to S. tenella and S.
arieticanis (Dubey et al., 2015; Gual et al., 2017) which is
close to our result. A study in Brazil examined tissue for
Sarcocystis spp., by light and electron microscopy,
macroscopic evaluation and molecular tests and detected

microscopic cysts of Sarcocystis spp. in 91.6 % of goat
sample tested (Bittencourt et al., 2016). The prevalence of S.
moulei seems to be relatively low in comparison to the other
Sarcocystis species identified in goats.

CONCLUSION

The results of this study showed a high frequency of
Sarcocystis species infection in sheep and goats slaughtered
in the Sulaymaniyah slaughterhouse. There is a highly
significant relationship between the occurrence of infection
and the season. The diaphragm and esophagus are the most
infected organ among sheep and goats, but lowest infection
in heart, molecular and ultrastructural study of sheep and
goats sarcocystis species in Sulaymaniyah, were most
closely associated with S. gigantea, S. moulei, and S.
medusiformis might and should and will contemplate them
as relative strains; the cross-infection may happen among
sheep and goats. it's of nice importance the farmers to be
trained to not feed their dogs and cats with raw meat, and
therefore the edifice remnants to be burned, so as to be
effectively broken of infection cycle between the
intermediate and therefore the definitive hosts. So, we have
a tendency to suggested to require attention on abattoirs to
stop transmission cycle of sarcosporidiosis.
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