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Abstract 
 

Sarcocystis is a zoonotic protozoan parasite of the phylum Apicomplexa, which infect several animals, 

including livestock species. Cattle are the intermediate host for several Sarcocystis species, including 

S. cruzi, S. hirsuta, S. hominis, S.heydorni, and S. rommeli. The current study was conducted to 

determine the prevalence of sarcocystosis infection among slaughtered cattle in Soran city-Erbil, Iraq. 

Oesophagal samples from 112 cattle Caracases were collected from July 2018 to November 2018. 

Samples were surveyed by macroscopic and microscopic inspection besides histological and molecular 

analysis. The gross investigation revealed that 7/112 (6.2%) of cattle were infected with visible 

macrosarcocysts. Moreover, the microscopic histological study showed that 92/112 (82.1 %) animals 

were infected with microsarcocysts.   One type of macroscopic sarcocysts was identified in the 

oesophagi of naturally infected cattle. Depending on morphological features, host specificity, sort of the 

infected organ, and previous epidemiological investigation, the sarcocystis tentatively assigned to 

S.hirsuta. Several microscopic sarcocysts were detected in the esophagi of the tested cattle and 

considered S.cruzi depending on the same bases. The histological sections confirmed several 

histopathological changes within the oesophagi of the infected animals.   

The partial analysis of the 18S rRNA gene showed that all macrosarcocysts produced bands of  

Expected sizes on gel electrophoresis. Further investigation was needed to validate the parasite species 

by phylogenetic and ultrastructural studies. 
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1. Introduction 
Sarcocystis species are a coccidian intracellular protozoan parasite of the genus that belongs 

to the family Sarcocystidae of the phylum Apicomplexa (Fayer et al., 2015). This parasite 

has an obligatory two-host life cycle (prey and predator), known as intermediate and 

definitive hosts. Livestock, including cattle, goats and sheep, are susceptible to 

sarcocystosis (Lindsay and Dubey, 2020). Cattle are intermediate hosts for several 

Sarcocystis species. The prevalence of sarcocystosis in their muscular tissue is about 100% 
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(Vangeel et al., 2007). Sarcocystis is zoonotic, S. hominis and S. heydorni can infect 

humans by consuming raw or undercooked meat. Additionally, Sarcocystis infection causes 

bovine eosinophilic myositis, a specific inflammatory myopathy resulting in carcass 

condemnation and significant economic losses (Rubiola et al., 2021). 

Two types of Sarcocystis cysts can infect cattle tissue, microscopic and macroscopic visible 

shapes of different Sarcocystis spp. (Dubey et al. 2016). Cattle are the intermediate host for 

many Sarcocystis spp: including S. cruzi, S.heydorni, S. hirsuta, S. hominis, and S. 

rommeli. The definitive hosts for these species are canines for S. cruzi,  felines for S. hirsute 

and S. rommeli,  and primates for both S.heydorni, S. hominis ( Shnawa and Swar,2021). 

However, many Sarcocystis species appear to have a more comprehensive intermediate host 

choice than previously known. Also, more recent results propose that S. medusiformis, 

S.gigantea, and S. moulei have sister sequences genetically. All these mentioned species 

proved to form macrosrcocysts in sheep, and the cat is their definitive host (Gjerde et al., 

2020; Swar and Shnawa, 2021). 

Sarcocystosis is a significant disease that infects humans and several domesticated Animals, 

causing significant socioeconomic effects. In addition, no studies were conducted in Soran 

city regarding the prevalence of this disease among animals. Therefore, this study aimed to 

investigate the prevalence of Sarcocystis infection in cattle slaughtered in Soran city-Erbil, 

Iraq.  

 

2. Materials and Methods 
2.1. Samples collection 

A total of 112  esophagi of cattle whose ages ranged (from 1-to 6) years were randomly 

inspected and collected during postmortem inspections of the slaughtered animals at the 

slaughterhouse of Soran city, Erbil, Kurdistan, Iraq. The samples were collected during 

the period from July 2018 to November 2018. All oesophagal tissues were inspected for 

the detection of the macroscopic cysts before taking samples. The samples were stored 

in sealed plastic bags inside ice-cooled boxes and submitted to the department of 

parasitology at the central veterinary laboratory in Erbil, Kurdistan, for further 

microscopic examination 

 

2.2.Gross and Macroscopic Examination 

The naked eye performed gross detection of macroscopic cysts on the same day of 

sample collection. A small piece of each infected oesophagus with visible 

macrosarcocysts was taken and kept in a tube containing 10% buffered formalin for 

histopathological section and further examination of the microscopic cyst of Sarcocystis 

(Juyal et al., 1989; Bittencourt et al., 2016). The esophagi samples were longitudinally 

sectioned to examine the internal and external walls (Bittencourt et al., 2016). The 

dimensions of the macroscopic sarcocysts were measured by a ruler, and then several 

macroscopic sarcocysts were selected and stored at -20°C until subjected to the 18S 

rRNA gene for PCR. 

2.3.Microscopic examination 
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 The microscopic examination was carried out by gently isolating the macrocyst of 

sarcocyst spp by using clean forcipes and scalpels from infected organs. Some of these 

cysts were crushed and homogenized by mortar and filtered through double-layer gauze. 

A few drops were directly examined under the light microscope at 40X and 100X for 

bradyzoites detection after Giemsa stain staining ( Bittencourt et al., 2016).   

 The procedure of pepsin digestion was achieved according to (Jacobs et al., 1960; Yang 

et al., 2018) with a modification. The confirmed infected oesophagal tissue by the 

macroscopic examination was selected. Then the muscle was cut into small pieces, and 

fifty grams of the oesophagal tissue was homogenized in a digestive solution containing 

(pepsin, 2.6 g; NaC1, 5.0 g; HCI, 7.0 ml and distilled water to make 500 ml, pH ~ 1.1). 

Afterwards, the homogenate was mixed carefully and incubated at 40°C for 30 min, and 

the digested muscle was filtered through three layers of medical gauze. The filtrate of 

the digestive tissue was centrifuged at 3000 rpm for 5 min. The supernatant was 

discarded, and the sediment was suspended within 0.01 M PBS (pH 7.2). Finally, the 

sample was centrifuged again under a similar condition. A drop from the sediment digest 

was placed on a slide and screened under the microscope at 400 X or fixed with ethanol 

and stained by Giemsa stain to detect Sarcocystis bradyzoites.  

2.4.Histological study 

The cysts specimens from the esophagi were fixed in 10% buffered formalin solution, 

then dehydrated in increased concentration of ethanol solutions. Later, they were 

embedded in paraffin wax, and 5 µm thickness sections of tissue samples were prepared 

and stained with conventional Hematoxylin and Eosin stain (H and E) ( Luna,1968; 

Slaoui and Fiette, 2011). 

2.5.Molecular analysis 

The DNA was extracted from  macrosarcocysts of the infected cow  according to the 

manufacturer's instructions of the DNA extraction kit (FAVORGEN®, Cat. No. 

FATGK001A, Taiwan). Briefly, 25 mg of the macrosarcocyst sample was isolated, 

grounded by micro pestle in a microcentrifuge tube, and processed. Finally, the 

extracted DNA was stored at -20 °C until further analysis. The DNA templates were 

prepared according to the primers manufacturer's protocol (GeNet Bio, South Korea). 

Lyophilized forward and reverse primers of Sarcocystis spp. 18SrRNA genes were 

prepared according to the manufacturer's instructions. The PCR was performed using 

the Sarcocystis spp specific primers to amplify a portion of the 18S rRNA gene as 

described by Choi et al. (2018); Yang et al. (2001); Calero-Bernal et al.(2014). 

Primer 2L Forward GGATAAACCGTGGTAATTCTATG  ( 850 bp) 

Primer 3H Reverse GGCAAATGCTTTCGCAGTAG 

The PCR reaction was performed using the super cycler PCR system (Kyratec® Thermo 

Fisher, Germany) according to the manufacturer's protocol for 30-35 cycles. The 

process consists of an initial denaturation step at 94 ºC for 2 min, followed by 35 cycles 

of denaturation at 94 ºC for 20 s, then annealing at 60 ºC for 10 s and extension at 72 ºC 
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for 25 s. finally, an extension step at 72 ºC for 5 min was performed. The PCR products 

were visualized by electrophoresis on 1% agarose gel with a 100 DNA marker 

(Favorgen, Taiwan).  

3. Results 
       The macroscopic cysts of Sarcocystis have been observed in seven esophagi of female 

cattle in a percentage of 6.25% of total inspected animals. Also, all infected cows with 

macroscopic cysts appeared to be infected with microscopic sarcocyst. At the same time, 

the infection rate with the tiny microscopic cysts was 82.1 % in both female and male cattle, 

which was confirmed by tissue micing and pepsin digestion techniques, as shown in Table 

1. 

The prevalence of Sarcocystis was higher in females 27/32 (84.3%) compared to males 

65/80 (81.2), with non-significant differences between them. Statistical analysis revealed 

no significant difference between males and females of cattle infection. 

The histopathological study of the oesophagus tissue with the macrosarcocyst revealed that 

were observed in some of the examined esophagi samples of female cattle by naked-eye 

inspection. Which have shown as prominent cysts on the surface of the oesophagus wall in 

different sizes ranging from (1-to 1.5) centimetres and with white colour and elongated 

shape, which presented either just beneath the serosal membrane or more profound in the 

muscular layer. (Figure 1)  

 

Table 1. Prevalence of Sarcocystis infection among the inspected cattle 

Sex No.of 

examined 

cattle 

      No.of infected cattle 

Microsarcocyst   Macrosarcocysts 

Percentage of 

infection (%) 

Females      32    20                           7      84.3 

Males      80    65                            -       81.2 

Total      112     85                           7        82.1 

 

 



 

 
 

 

5 

 

 

 

Advanced Research & Studies Journal | Vol. 13 No. 4 |2022 

 

 

 
Figure1. A and B display the gross appearance of macroscopic sarcocysts in the esophagi 

of the inspected cattle  

In the histological sections, the macroscopic sarcocyst wall was eosinophilic, thick, and 

surrounded by a host-derived connective tissue capsule as in figure 2, A, B&C. 

Microscopic sarcocyst of Sarcocystis spp. was detected by using different techniques as 

mentioned previously in the methods. The microscopic sarcocysts were confirmed in all 

positive esophagi of cattle infected with macroscopic sarcocysts and considered a mixed 

infection (6.2%). The confirmation was accomplished by the detection of the bradyzoites 

of the microscopic sarcocysts, the bradyzoites were observed typically in crescent shapes 

by the pepsin digestion test. Bradyzoites of microscopic sarcocyst seemed as a crescentic 

shape with a pointed anterior end and rounded posterior end in the peptic digestion method, 

as shown in Figure 2, D. 
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Figure 2. A, B &C: Depict macrosarcocysts of Sarcocystis spp within the esophagi of cows. 

Transverse histological sections in A and B and longitudinal sections in C. It illustrates an 

empty central core surrounded by connective tissue. D: Banana-shaped bradyzoites 

separated by muscle micing. The magnification power of A, B and C is 400X. 

Histological examination of the infected esophagi showed various sizes and shapes of 

microscopic sarcocysts distributed among muscular fibres of the esophagi of naturally 

infected cattle. Some microscopic sarcocyts in oesophagus sections appeared as round, 

oval, or elongated shapes. The sarcocysts appeared with a thin wall. Also, it was filled with 

crescent shape bradyzoites and preliminary considered as S.cruzi. 

Histopathologically, the infected esophagi showed recognizable histological changes 

around the microscopic sarcocysts. These alterations included muscle fibres degeneration 

with necrosis and haemorrhage, and no inflammatory cells were detected, as shown in 

Figures 3, A, B&C. Moreover, in Figure 4, A&B represent the cattle esophagi with muscle 

tissue disorganization. Also, high magnification of the sarcocyst can be seen in Figures 4, 

C &D, the sarcocysts filled with bradyzoites. 
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Figure 3. Morphologic properties of several microsarcocysts within the oesophagal 

muscles of bovine stained with H and E., A: Ovoid Sarcocystis cyst with a thin wall divided 

by septa into several compartments. B: longitudinal spindle shape Sarcocystis cyst. C and 

D showed two sarcocysts, bleeding and tissue damage, and all of the recognized sarcocysts 

filled with bradyzoites. Scale bars are fixed on the photomicrographs. 
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Figure 4. A. Two sarcocysts in the oesophageal muscle of infected cow( arrows). B. 

Microscopic Sarcocystis cysts in cattle esophagi with muscle tissue disorganization. C&D 

represents a high magnification of the microsarcocysts. All sarcocysts appeared with a thin 

wall and were filled with bradyzoites. Scale bar fixed on the microscopic images.  

The PCR reaction included amplifying the 18S rRNA gene of the macrosarcocysts and 

produced the expected amplicon PCR size of 850 bp. These findings suggest that the primer 

in this study was Sarcocystis specific, as shown in figure 5. 
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Figure 5. PCR product of the partial 18S ribosomal gene of Sarcocystis in cattle samples 

presented bands at 850 bp on 1% agarose gel electrophoresis. All Sarcocystis macrocysts 

yielded target DNA fragments.  

 

4. Discussion 
       Species of Sarcocystis have a global distribution among many species of mammals, 

birds, and reptiles (Dubey et al. 2016). Macroscopic sarcocysts were noticed just in seven 

esophagi of 112 of the inspected cattle. In contrast, the microscopic sarcocysts were 

detected in (92/112), which is related to the connection between cattle and feline as a 

definitive host in the pasture is less frequent than definitive canine hosts due to 

macroscopic sarcocysts are of cat final host origin. In addition, the development of 

macrocysts of Sarcocystis species needs several years and cattle are slaughtered before 

the cysts' maturation. This fact was also mentioned previously by Nourani et al. (2010). 

Furthermore, Latif et al. (1999), Hamidinejat et al. (2010), and Nahed et al. (2014) also 

found a low number of macroscopic sarcocysts in cattle in Iran and Egypt, respectively. 

Macroscopic sarcocysts of Sarcocystis were documented in the oesophagus, which agrees 

with the findings of Xiang et al. (2011). 

Additionally, cat behaviour of burying their feces may reduce the percentage of oocyst or 

sporocysts spreading in the environment, minimizing the chances of cattle acquiring the 

parasite. Also, these researchers identified S. hirsuta macrosarcocysts from bovine 

carcasses' oesophagal, abdominal, and diaphragmatic muscles as (11.33%) (El-Morsey et 

al., 2021). 

The present results agree with the findings of Ahmed et al. (2016), who surveyed the 

infection with macrosarcocysts Sarcocystis spp among slaughtered cattle at El-Kharga 

abattoir, Egypt. This study depended only on gross and muscle squash inspection and 

found S. hirsuta in a percentage of 7.5% (159/ 2120). Also, our findings regarding the 

macrosarcocysts are consistent with the prevalence reported by El-Dakhly et al. (2011), 

who declared (6.9%). 



 

 
 

 

10 

 

 

 

Advanced Research & Studies Journal | Vol. 13 No. 4 |2022 

 

 

Concerning the pathogenesis of Sarcocystis species, in general, species transmitted by 

dogs are pathogenic, while those transmitted by cats are nonpathogenic. For instance, S 

cruzi, is the most pathogenic species for cattle (Lindsay &Dubey, 2020). 

One type of the microscopic sarcocysts was detected in the present study, which appeared 

oval or spindle longitudinal shapes with thin-walled and hair-like protrusions and 

consistent with sarcocysts of S. cruzi (Dubey et al.,2016). 

In India, Mounika et al. (2018) found the percentages of cattle with macroscopic and 

microscopic sarcocysts infection as 6.57 and 93.43%, respectively, which is near to the 

results of the present work. Recently.  Abdullah, (2021) didn't observe macroscopic cysts 

in cattle in the study achieved in Sulaimani, Iraq. The author detected microscopic 

sarcocysts and classified the suspected Sarcocystis as S. cruzi and S. bovifelis or S. 

hominis in cattle. 

The present study revealed that the infected cattle esophagi showed muscle tissue 

disorganization with no clear evidence of inflammation. Similar results were observed 

previously in the oesophagus of cattle infected with S. cruzi in Iran (Faghiri et al., 2019). 

In contrast, Aráoz et al. (2019) concluded that Sarcocystis infection is a causative agent 

of cattle myocarditis accountable for abattoir condemnation. Moreover, the finding of 

muscle damage and disorganization detected in the current work agrees with the previous 

study, which mentioned that Sarcocystis could induce muscle damage by directly 

damaging the cells or stimulating immune-mediated myopathy (Pagano et al., 2020). In 

addition, to reduce and prevent animals from protozoal infection, including sarcocystosis, 

limiting the access of dogs and cats to livestock should be applied (Dessì et al., 2022). 

In the present study, molecular detection was performed using partial 18S rRNA genes 

for genotypic confirmation of the Sarcocystis spp. The variable regions of the 18S rRNA 

gene act as valuable targets for identifying different species (Yang et al., 2001). 

Moreover, 18S rDNA is very appropriate for phylogenetic surveys due to its high 

conservation, and examining its variable regions helps identify species within a genus 

(Ng et al., 2015).  

 

5. Conclusion 
The outcomes of the present study highlighted that the domestic cattle of Soran city, Erbil-

Iraq, destined for human consumption, can harbour macroscopic and microscopic 

sarcocysts related to Sarcocystis spp. The grazing area system, like the close contact with 

dogs and cats, can be considered a risk factor for sarcocystosis in these animals. The 

current findings showed that the isolated Sarcocystis spp. were most closely related to 

S.cruzi and S.hirsuta and tentatively identified to these species. Further investigations 

were needed to validate the parasite species by phylogenetic and ultrastructural studies 
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