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Abstract 
 
 Background: Sarcocystis spp. are one of the most common foodborne tissue cyst-forming coccidia with a public health and 

veterinary concern. Aims: The existing study aimed to rectify the epidemiological profile of Sarcocystis spp. infection in the cattle 

carcasses as well as to explore the structure and phylogenetic features of Sarcocystis spp. isolates. Methods: A total of 292 cattle 

carcasses were checked for the existence of sarcocysts using light microscopy (LM) via muscle squash (MS) and peptic digestion 

(PD) analysis from January 2020 to December 2020. Individual sarcocysts from different cattle tissues were selected for morphologic 

characterization and DNA extraction. Each sarcocyst’s 18S rDNA gene was amplified, sequenced, and analyzed. Results: Overall, 

92.5% (270/292) of cattle tissue samples contained microscopic thin walled sarcocysts and were exclusively found in esophagus by 

light microscopy. A statistically insignificant relationship exists between the prevalence of infection and age groups, gender of cattle, 

and the seasonal dynamics (P>0.05). Sarcocysts ultrastructural features were completely discussed. Sequencing of 18S rDNA 

Sarcocystis gene confirmed S. cruzi (identity 99-100%), which was the first molecular identification of the current isolate in the study 

region. Conclusion: The current survey initially provides a brief account of knowledge about the epidemiology of Sarcocystis spp. 

infecting cattle and it is considered a starting point for the development of health awareness and efficient preventive schemes for this 

zoonotic protozoan parasite. 
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Introduction 
 

 Livestock, aside from its economic value, have come 

to be an energetic origin of pathogens dissemination in 

the environment with their products (faeces, hair, hide, 

crusts, and meat) and to be an energetic origin of 

pathogens dissemination to other animals including man. 

Likewise, they are recognized to be responsible for the 

persistence of infections in nature by harboring and 

permitting the pathogenic causal agents to survive. 

 Sarcocystis species, which are commonly herbivores, 

are common intracellular coccidian and food-borne 

parasites belonging to the phylum Apicomplexa with an 

obligatory two-host life cycle and having the sexual 

development in the intestinal tract of the definitive host 

and asexual growth in various tissues of the intermediate 

host. Cattle represent the most common and frequent 

intermediate host of numerous Sarcocystis species, 

including S. cruzi with canids as the definitive host, S. 

bovifelis, S. bovini, and S. hirsuta with felids as the 

definitive host, and S. hominis and S. heydorni with 

humans as definitive host based on the genetic 

description of 18S rRNA, cox1, and ITS1 gene sequences 

(Gjerde, 2016). Likewise, cattle have recently been 

discovered to act as an intermediate host for S. rommeli, 

an organism with an unrecognized life cycle (Chen et al., 

2011; Moré et al., 2014). 

 Eosinophilic myositis (Vangeel et al., 2012) and fatal 

eosinophilic myocarditis (Aráoz et al., 2019) are 

common diseases in bovines besides the economic losses 

in terms of reduced milk production, abortion, or 

neonatal mortality (Aráoz et al., 2019). Likewise, human 

sarcocystosis, can occur under two forms due to 

consumption of fresh and/or poorly cooked meat. The 

well-recognized form is intestinal sarcocystosis because 

of zoonotic species, ensuing symptomatic gastric 

disturbance (Dubey, 2015). The second scenario is the 

muscular involvement, occurring when humans become 

incidental hosts due to ingestion of contaminated 

foodstuff by livestock Sarcocystis spp. fecal sporocysts 

stage (Rosenthal, 2013; Murata et al., 2018). This 

finding may be related with myositis, fleeting edema, 
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and fever (Fayer, 2004). Recently, the significance of 

this issue has increased due to Sarcocystis secretory 

toxins that contaminate food (Ota et al., 2019). 

 The total cyst dimension, existence or lack of septa, 

cyst-wall thickness, and fine structural morphology of 

the wall are regarded as key criterion for the 

identification of Sarcocystis species (Abdel-Ghaffar et 

al., 2009; Dubey et al., 2015; El-Morsey et al., 2019; 

Lucas et al., 2019). However, various Sarcocystis species 

with similar morphological features as seen by light and 

transmission electron microscopy are most likely present 

in the same host. Consequently, molecular indicator 

practice has become an effective tool for confirming the 

morphological species identification and determining 

whether morphologically similar sarcocysts in 

intermediate hosts belong to the same or different species 

(Motamedi et al., 2011; Gjerde, 2013; Gjerde, 2016; El-

Morsey et al., 2019; Sudan et al., 2021). 

 Previous indigenous investigations revealed a wide 

range of infection rates in various Egyptian provinces 

that range from 7.5% in the New Valley city (Ahmed et 

al., 2016), to 28% in Sohag (Khalifa et al., 2008), to 60% 

in Cairo and Giza (Nahed et al., 2014), to 85.7% in Qena 

(El-kady et al., 2018), and to 88% in Menoufia (Mousa 

et al., 2021). However, based on the authors’ knowledge, 
there is a paucity of data regarding the zoonotic 

foodborne parasites, particularly sarcocystosis, which 

represent a critical danger for human health and 

important economic animals including bovines in Upper 

Egypt. Moreover, this remains a well-documented 

problem in the farming industry, particularly the 

invisible sarcocysts. Therefore, the current research was 

conducted to provide data on the occurrence percentages, 

tissue distribution patterns, morphological characteriza-

tion, and pathological impact together with the molecular 

identification of Sarcocystis spp. from slaughtered cattle 

(Bos taurus) in Upper Egypt. 

 
Materials and Methods 
 
Ethical approval 
 This article does not contain any studies with human 

participants performed by any of the authors. Also, the 

international guidelines for the care and use of animals 

were followed regarding the Research Ethics Committee 

of the University (code No. 65). 

 
Study area and design 
 A cross-sectional study was carried out in Aswan in 

the southern region of Egypt, which is restricted by 24° 

5′ 20.18″ N latitude and 32° 53′ 59.39″ E longitude, from 
January 2020 to December 2020. Aswan is famously 

known for its beautiful Nile Valley scenery, important 

archaeological sites, and peaceful atmosphere. The 

climate is warm throughout the year, making it an ideal 

winter destination. Furthermore, agriculture is the main 

source of employment opportunities in the province with 

approximately 29% of the province’s population working 
in agriculture and animal rearing. 

Study animals 
 A total of 292 cattle (Bos taurus) were screened for 

the presence of Sarcocystis sarcocysts by conventional 

techniques to evaluate the distribution and associated risk 

factors for their occurrence in the study area. During the 

sampling, gender, age, and monthly dynamics were 

recorded. Moreover, the collected specimens from the 

cardiac muscle, esophagus, diaphragm, tongue, and 

masseter muscles (50 g of each) were considered for 

investigation. All collected specimens were conveyed to 

the parasitic lab. and kept at 4°C until exploration. 

 

Parasitological analysis 
 The collected tissue samples were carefully inspected 

by naked eye examination. Briefly, a sterile blade was 

used to cut each muscular tissue into small pieces (3-5 

mm) and each piece was assessed using a hand lens in 

order to visualize macroscopic cysts according to 

procedures illustrated by Mavi et al. (2020). 

 For light microscopic analyses, additional tissue 

samples from different predilection spots of each 

slaughtered cattle were subjected to different diagnostic 

tools including Muscle squash, Pepsin-HCl tissue 

digestion technique, and H&E staining procedures 

(Dubey et al., 2000; Barham et al., 2005). 

 

a) Muscle squash 

 One g of muscles was spliced into minute pieces, 

approximately 3-5 mm thick, and squashed strongly 

between two clean slides and inspected at magnifications 

of ×400 under the light microscope. The cyst dimensions 

and shape, the cyst wall structure along with the 

morphometric parameters of bradyzoites were thought to 

be a crucial issue for the morphological description of 

the recovered sarcocysts (Kirillova et al., 2018). 

 

b) Peptic digestion 

 Briefly, 4 g of inspected sample was thoroughly 

mixed with 3.5 ml of hydrochloric acid, 2.5 g of trypsin, 

and 1500 ml of distilled water. The aforementioned 

mixture was kept in an incubator for 30 min at 37°C after 

digestion and filtered through the tea strainer with fine 

pores and centrifuged at 2000 g for 5 min. The 

supernatant fluid was removed with the support of a 

plastic pipette and a drop from the sediment was spread, 

air dried, fixed, and stained by giemsa staining 

technique. Furthermore, all samples were inspected at 

magnifications of 40 and 100 in order to recognize 

Sarcocystis bradyzoites under the light microscope as 

maintained by Barham et al. (2005), and Dubey et al. 

(2015). 

 

c) Histomporphology 

 Moreover, 4 tissue samples were immersed in 

paraffin, spliced (5 μm thickness), stained with 
haematoxylin and eosin (H&E) stain and then examined 

under the light microscope (Makhija, 2012). 

 

Transmission electron microscopy 
 To disclose the fine structural features of the 
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sarcocysts, the positive tissue samples were kept in 2.5% 

glutaraldehyde for fixation, then post-fixed in osmium 

tetroxide 1%, dehydrated in alcohols, and finally 

immersed in an epon-araldite mixture. Ultrafine slices 

were contrasted with uranyl acetate and lead citrate 

before being observed by an electron microscope (JEM 

100 CXII) at 80 KV and photographed using CCD digital 

camera Model XR-41 (Abdel-Ghaffar et al., 2009). 

 

Molecular typing 
The deoxyribonucleic acid elicitation 

 The deoxyribonucleic acid (DNA) was successfully 

elicited from three tissue samples out of thirty samples 

using a QIAamp DNA Mini kit (Qiagen, Germany, 

GmbH) in accordance with the manufacturer’s 
instructions and kept at -20°C until the PCR analysis. 

 

PCR 

 Oligonucleotide primers of Sar1 genes were brought 

from Metabion (Germany) and their isolates were 

clarified by Bahari et al. (2014) as follows: Sar-

F1forward: 5´-GCA CTT GAT GAA TTC TGG CA-3´ 

and Sar-R1 reverse: 5´-CAC CAC CCA TAG AAT CAA 

G-3´ for amplification of 18S rDNA genes. Briefly, the 

tested primers were employed in a 25 µL reaction 

involving 12.5 µL of EmeraldAmp Max PCR Master 

Mix (Takara, Japan), 1 µL of each primer of 20 pmol 

concentrations, 5.5 µL of water, and 5 µL of DNA 

model. The reaction was performed in an Applied 

Biosystems 2720 thermal cycler as follows: denaturation 

at 94°C for 5 min followed by 35 cycles of 94°C for 45 s, 

annealing temperature 50°C for 40 s, extension at 72°C 

for 45 s, and final extension step at 72°C for 10 min. 

 

Visualization of the PCR products 
 The PCR product was electrophoresed on 1.5% of 

agarose gel (Applichem, Germany, GmbH) in 1x TBE 

buffer. For gel investigation, about 20 μL of the products 
was inserted into the gel aperture. A common Gene 

indicator 100 bp ladder (Fermentas, Germany) was 

applied to clarify the size of the amplicons, stained with 

Ethidium Bromide (0.5 µg/ml) and visualized under the 

UV light. The result was verified by using a gel imaging 

system (Alpha Innotech, Biometra). 

 

Sequencing and phylogenetic analysis 
 PCR products were purified using QIAquick PCR 

product extraction kit (Qiagen, Valencia). Bigdye 

terminator V3.1 cycle sequencing kit (Perkin-Elmer) was 

utilized for the sequence reaction and the purification 

process was conducted utilizing Centrisep spin column. 

DNA sequences were obtained by Applied Biosystems 

3130 genetic analyzer (HITACHI, Japan), and were 

exposed to a BLASTR analysis performed for sequence 

identity as two to three genetic sequences were selected 

to signify each amplicon in phylogenetic investigation. 

The sequences were then aligned and compared with the 

18S rRNA gene sequences of Sarcocystis species 

available in GenBank (Altschul et al., 1990). The 

phylogenetic tree was constructed by MegAlign module 

of DNA Star Lasergene software (Thompson et al., 

1994) and the analyses were carried out utilizing 

maximum likelihood, neighbor joining, and maximum 

parsimony in MEGA6 (Tamura et al., 2013). 

 

Statistical analysis 
 Chi-square trial was applied to evaluate the current 

epidemiological profile of Sarcocystis infection among 

screened cattle. Furthermore, the validity and agreement 

values were characterized on the basis of the sensitivity, 

specificity, and Kappa agreement index of the tests under 

the study (Petrie and Watson, 2013). 

 

Results 
 

Survey outcomes 
 Out of 292 animals examined, 270 showed a 

microscopic type of the Sarcocystis cruzi tissue cyst 

indicating an overall prevalence of 92.5% (95% CI, 0.88-

0.95). Based on the current results, there was no visible 

cysts infection in the screened samples. 

 The results of prevalence relative to the age and 

gender of the screened cows are depicted in Table 1. The 

obtained results revealed that the infection rate was 

noticed to rise with the progression of age and with a 

high infection rate of 93.2% among old animals as 

compared to the young ones (85.2%). However, this 

marked difference was found to be statistically 

insignificant. Similarly, the frequency percentage of 

Sarcocystis infection was higher among male animals as 

compared to the female counterpart, with an insignificant 

association (P>0.05) between the rates of infection. Also, 

as Table 1 illustrates, the occurrence percentage of 

Sarcocystis infection among females increased with the 

progress in age and there was a significant association 

(P<0.05) between the rates of infection in female cows 

within each age category. In contrast, an insignificant 

association was found between the rate of Sarcocystis 

infection and male cows within each age class. 

 The current study revealed that the Sarcocystis 

infection in cattle prevailed throughout the year with the 

highest peak of occurrence in March, August, November, 

and December, while the lowest percentage value was 

recorded in September. Based on the seasonal dynamics 

of infection, the peak prevalence rate of Sarcocystis was 

found in autumn (97.2%) followed by spring (95.2%), 

winter (91.1%), and the lowest rate was observed in 

summer (87.5%, Table 2) indicating an evident pattern in 

the seasonality of the infection. However, an 

insignificant difference was observed between different 

seasons. 

 The distribution pattern of Sarcocystis infection 

regarding the screened organs is clarified in Table 3. The 

Table 3 reveals that the most frequently infected organ 

was the esophagus with an infection rate of 75.9%, while 

the other inspected organs showed a variable percentage 

of infection rates. This marked difference was found to 

be statistically significant (χ2=10.630, P=0.031). 

Similarly, the Table 3 shows the occurrence pattern of 

infection within each age group and gender of the 
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examined cattle. Additionally, the intensity of 

microscopic cyst was assessed by counting the number 

of cysts in 1 g. The mean intensity ranged from 3 to 35 

(mean 15.3). 

 The obtained results revealed that the peptic digestion 

(PD) technique is a sensitive scheme for exploring the 

presence of Sarcocystis in slaughtered cattle giving the 

highest positive rate (83.1%, 123/148) as compared to 

the muscle squash (MS) tool as depicted in Table 4. 

Nevertheless, Sarcocystis spp. cannot be correctly 

recognized using this test. Also, the Table 4 displays the 

frequencies and tissue distribution of Sarcocystis spp. in 

tissue samples detected by the two different methods. 

Furthermore, MS identified 77 confirmed positive 

samples out of the 123 specimens recognized by PD, 

yielding a sensitivity of 62.6%. Nevertheless, out of the 

25 samples verified as negative by PD, one case was 

revealed positive by MS, giving a specificity of 96%. 

The association between MS and PD was fair with 

Kappa agreement test = 0.371 (Table 5). 

Table 2: Monthly and seasonal dynamics of Sarcocystis 

infection among cattle 

Months Examined Infected % 

January 26 23 88.46 

February 26 22 84.62 

March 27 27 100 

Winter 79 72 91.1 

April 25 24 96 

May 12 11 91.67 

June 25 24 96 

Spring 62 59 95.2 

July 26 25 96.15 

August 25 25 100 

September 29 20 68.97 

Summer 80 70 87.5 

October 24 22 91.67 

November 23 23 100 

December 24 24 100 

Autumn 
 

71 69 97.2 

P-value 0.114 

 

 
Table 1: Occurrence percentages of microcysts in slaughtered cattle relative to age and gender 

Age 

Age No. of examined Infected (%) P-value 

<2 years 27 23 (85.2) 0.132 

≥2 years 265 247 (93.2) 

Overall 292 270 92.5% 

Sex 

Male  Female 

<2 years ≥2 years Total  <2 years ≥2 years Total 

Examined Infected 

(%) 

Examined Infected 

(%) 

Examined Infected 

(%) 

 Examined Infected 

(%) 

Examined Infected 

(%) 

Examined Infected 

(%) 

27 23 (85.2) 
 

243 227 (93.4) 270 250 (92.6)  0 0 22 20 (90.9) 22 20 (90.9) 

P-value 0.773 

 
Table 3: Distribution pattern of microscopic cysts in different organs of infected cattle 

Organs 

Masseter muscle Tongue Diaphragm Esophagus Heart 

Examined Infected 

(%) 

Examined Infected 

(%) 

Examined Infected 

(%) 

Examined Infected 

(%) 

Examined Infected 

(%) 

Age 
   <2 years 27 13 (48.2) 27 14 (51.9) 27 12 (44.4) 27 17 (63) 27 12 (44.4) 

   ≥2 years 261 175 (67.1) 261 174 (66.7) 264 182 (68.9) 263 203 (77.2) 262 181 (69.1) 

Sex 
   Male 266 175 (65.8) 266 174 (65.4) 269 180 (66.9) 268 204 (76.1) 267 179 (67) 

   Female 
 

22 13 (59.1) 22 14 (63.6) 22 14 (63.6) 22 16 (72.7) 22 14 (63.6) 

Total 288 188 (65.3) 288 188 (65.3) 291 194 (66.7) 290 220 (75.9) 289 193 (66.8) 

 
Table 4: Comparison of muscle squash analysis (M. squash) and pepsin-digestion method (Pepsin-D.) to detect microscopic cysts in 

different organs 

Esophagus Heart Masseter Ms. Diaphragm Tongue Total P-value 
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Table 5: Diagnostic performance of muscle squash analysis and pepsin-digestion method for detecting microscopic cysts 

Muscle squash 
Pepsin-digestion 

Sensitivity (95% C.I.) Specificity (95% C.I.) K-value SE of kappa 
+Ve (n=123) -Ve (n=25) 

+Ve 77 1 0.626 (0.758-0.885) 0.96 (0.776-0.997) 0.341 0.062 

-Ve 46 24 

 
Table 6: Morphological features of thin-walled cysts 

Parameters Length (μm) Width (μm) Wall thickness of cysts (μm) 
N 11 

Min. 73.3 20.54 0.9 

Max. 281.47 97.99 2.2 

Mean±SE 135.6 ± 19.69 51.19 ± 6.90 1.66 ± 0.15 

 

 
 

Fig. 1: A-C: Light micrographs of sarcocysts in muscle squash from cardiac muscle (A) and esophagus (B). Note the thin, smooth 

cyst wall with different compartments and clear septae. Crescent-shaped Sarcocystis bradyzoites in digested samples after staining 

with giemsa (C). D-F: Light micrographs of histological observation of sarcocysts in the cardiac muscles of native cattle. Note the 

cyst wall (red arrow), banana-like bradyzoites (B), hair-like projection (arrowhead, F) and multiple large fusiform shaped thin-walled 

sarcocysts (E), (H&E stain). Fig. 1 (scale bar, 100 μ) 
 

Morphological identification 
a) Light microscope observation 

 The recovered sarcocysts of all the inspected organs 

had similar morphologies and were of the thin-walled 

type with the assistance of LM. Subsequently, by 

conducting molecular investigations, cysts were 

identified as S. cruzi. The recovered cysts were elongated 

ovoid-shaped, with rounded tips. The cyst wall was thin 

and was characterized by the presence of fine hair-like 

protrusion that was located on its surface. The cyst core 

was divided into several compartments by a clear septa, 

and it was filled with banana-shaped bradyzoites (Figs. 

1A-C). 

 On the histological stained sections, the recovered 

sarcocysts were characterized by a thin and smooth cell 

wall. The cysts were oval-shaped, but mostly fusiform. 

Additionally, several banana-like bradyzoites existed 

inside the cyst compartments. The micro-morphometric 

features of the recovered sarcocysts are illustrated in 

Table 6 and Figs. 1D-F. 

 Based on the histopathological investigation, the 

cysts were found in the foci of tissue necrosis and 

appeared to be degenerated. Also, there was an 

inflammation around the muscle fibers and between the 

cysts with an inflammatory cells infiltration consisting of 

neutrophils, lymphocytes, eosinophils, and plasma cells 

indicating myocardial sarcocystosis as shown in Figs. 2A 

and B. Besides, the oval-shaped sarcocysts were detected 

inside the muscle fibers of the esophagus with 

degenerative changes in the center of the recovered cysts 

(Figs. 2C and D). 

 

b) TEM findings 

 The tissue sections showed the presence of two 

sarcocysts within the cardiac muscle fibers. Mature 

sarcocysts were fusiform shaped, measured 120 μm long 
and 63.6 μm across. The cyst walls were thin (1.7 μm in 
width) and had hair-like and flattened protrusions 

measured approximately 0.36 μm in length and 0.025 μm
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Fig. 2: A-B: Direct histopathological examination of the cardiac muscle revealed encapsulated circular to elongated basophilic 

sarcocysts filled with numerous bradyzoites inserted in muscle fibers (green arrows). Mononuclear cell infiltrates (blue arrow) 

discretely between the hyaline eosinophilic degenerated muscles (orange arrow) which are widely separated by signs of edema. C-D: 

Esophagus of cattle showing basophilic cysts inside the muscle fiber and the center of some cysts was degenerated and appeared as 

pale color (Black arrowheads) (A&D: ×20, B&C: ×40, LM, H&E) 

 

 
 

Fig. 3: Transmission electron micrographs of S. cruzi sarcocysts from the heart of cattle (Bos taurus). (A) A high concentration of 

bradyzoites is enclosed by a thin cyst wall with magnified part of the wall showing the ground substance and protrusions. (B) Mature 

bradyzoites in longitudinal section with its magnified cyst wall depicting the characteristic bubble-like undulations, micropore and 

hair like protrusion. HC: Host cell, BZ: Mature bradyzoites, DBZ: Developing bradyzoites, CW: Cyst wall, VP: Villar protrusions, 

GS: Ground substance, N: Nucleus, BM: Bradyzoites membrane, MN: Micronemes (yellow arrow), Rh: Rhoptries, AM: 

Amylopectin granule, DG: Dense granule, C: Conoid, S: Septa, P: Hair-like protrusions, MT: Mitochondria, MP: Micropore, and 

BU: Bubble-like undulations 
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Fig. 4 : Electrophoresis of PCR product of 18S rRNA gene 

showing bands detected at 600 bp region belonged to S. cruzi. 

L: DNA ladder (1 kb), N: Negative control, P: Positive control, 

and Lanes 1-2: Beef samples 

 

 
 

Fig. 5: Phylogenetic analysis of the 18S rRNA gene sequences 

from Sarcocystis species and their evolutionary relationships of 

31 taxa. The blue circles indicate that the isolates are S. cruzi 

in width without microfilaments. The cysts had 

prominent septa that separated the core of the cyst into 

various chambers that enclosed different developmental 

stages of cystozoites. Furthermore, the sarcocysts were 

bounded by amorphous matrices that contained abundant 

fusiform bradyzoites. The primary cyst wall had 

numerous bubble-like undulations and the ground 

substance was 0.07 μm in thickness. The size of the 

bradyzoites reached 3-1.2 × 0.9-0.3 μm, and it had a 

double-membrane pellicle which consisted of 4 regions 

including several apicomplexan organelles as conoid, 

rhoptries up to 7, and a large number of micronemes in 

the first frontal region with abundant amylopectin 

granules in the second middle region. The nucleus was 

enclosed in the third region while further abundant 

amylopectin granules were located in the last posterior 

portion as shown in Figs. 3A and B. 

 

PCR assay 
 A PCR-based assay with certain primers fructifies a 

smaller size band of 600 bp in PCR of Sar1 genes, as 

shown in Fig. 4. Sar1 gene amplification has been 

established to be an adequate tool for recognizing 

Sarcocystis species. 

 

The phylogenetic typing 
 The current results suggest that sarcocystosis in 

Egyptian bovines is greatly linked to S. cruzi. Also, the 

BLASTN investigation of Sarcocystis mtDNA genes 

sequence displayed a 100% identity with the sequences 

of S. cruzi in cattle (accession No. MZ348872, 

MZ348873, and MZ348874), 99.8% similarity with S. 

tenella, 98.6% with S. bovifelis, and 98.4% with S. 

fusiformis as illustrated in Table 7. Moreover, the 

phylogeny of isolated Sarcocystis sequences indicated 

diversity of Sarcocystis species recorded in cattle as 

compared with the correlated isolates existing in the 

GenBank database (Fig. 5). 

 

Discussion 
 

 Sarcocystis parasites are apicomplexan protozoan

 
Table 7: The similarity percentage of S. cruzi isolates with the sequences of S. tenella (99.8%), S. bovifelis (98.6%), and S. fusiformis 

(98.4%) 
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organisms with global dissemination and they are one of 

the most common parasites infecting various livestock 

that can cause a severe disorder in some hosts such as 

cattle (Mirzaei and Rezaei, 2016). Also, some species of 

these parasites are important in public health since they 

cause clinical manifestations. 

 The existing survey declared that the total infection 

rate of Sarcocystis spp. was 92.5% among slaughtered 

cattle. Likewise, the highest peak prevalence between 

91.0 and 100% was also described worldwide viz., 

Argentina (More et al., 2008), South-West of Iran 

(Hamidinejat et al., 2010), Southern Italy (Bucca et al., 

2011), Karnataka, India (Dafedar et al., 2011), Italy 

(Chiesa et al., 2013), Yazd and Hungary (Hornok et al., 

2015), and Iran (Sarafraz et al., 2020). On the contrary, 

the low occurrence percentage of Sarcocystis spp. has 

been reported in different localities in Egypt (Khalifa et 

al., 2008; Badawy et al., 2012; Nahed et al., 2014; 

Ahmed et al., 2016; El-kady et al., 2018; Mousa et al., 

2021) and across the globe like Sri Lanka (Kalubowila et 

al., 2004), Malaysia (Latif et al., 2013), and Nigeria 

(Mac et al., 2018). This marked difference in the 

infection rates could be attributed to frequent issues such 

as the system of breeding, climatic factors, tissue type 

and anatomic location of analysis (Mounika et al., 2018; 

Sheikhi et al., 2020) in addition to the accessibility of 

definitive hosts. 

 The current findings showed that no visible cysts 

were detected in the screened tissue samples, and this 

issue was supported by the findings of the majority of 

earlier revisions (Okur et al., 1995; Nourollahi-Fard et 

al., 2009). The paucity of macroscopic cysts could be 

explained by the fact that such cysts are of feline origin 

and that cattle-cat contact in the studied area is 

uncommon (Shekarforoush et al., 2013). 

 In the current survey, a statistically insignificant 

relationship was found between the cows’ age and the 
prevalence and higher frequency percentages among old 

age groups. This finding was in line with the records of 

Sarcocystis infection in cattle from other countries 

(Bucca et al., 2011; Hajimohammadi et al., 2014). In 

contrast, Hornok et al. (2015) and Mounika et al. (2018) 

showed that the infection rate of bovine sarcocystosis 

among different age categories was statistically 

significant. This might be attributed to long-term 

exposure of matured cows to the infective stage. 

Likewise, the infection was more common in males and, 

according to the statistical results, this difference was 

insignificant, and this is in accordance with the previous 

data carried out by Taib et al. (2016) who could not 

report a significant difference between sexes and the 

frequency of parasites. In contrast to the present findings, 

a significant relationship between the rate of Sarcocystis 

infection and the gender of inspected cows was reported 

by More et al. (2008) and Nourani et al. (2010). These 

differences may be due to differences in the management 

conditions in such localities. Also, according to the 

culture of Egyptian farmers in Upper Egypt, they prefer 

to keep female animals inside home buildings for 

breeding under good and clean environment, whereas 

most of the males are left in open-air pasture for grazing 

and are used by owners for hard labor; as a result, they 

may be more prone to the infection. 

 Currently, the present results indicated an 

insignificant relationship between the seasonality and 

prevalence of sarcocystosis, with a higher frequency of 

occurrence in the autumn (97.2%). Our findings 

correspond with results described by Nematollahia et al. 

(2013) who could not report a significant difference 

between season and the frequency of parasites. In 

contrast, Shahraki et al. (2018) reported the highest 

incidence of Sarcocystis infection in the spring (91.7%). 

Also, in another study in Egypt, the highest parasite 

outbreak was reported in June (16.13%) and the lowest 

in April (4%) (Ahmed et al., 2016). These findings might 

be attributed to the longer grazing periods in the autumn. 

The survival and viability of sporocysts in the 

environment is another factor influencing the seasonal 

dynamics of the infection organized by climatic 

circumstances such as temperature, rainfall, and 

humidity. 

 Concerning the distribution pattern of the infection, 

there was a significant correlation between the rates of 

infection and the inspected tissues with the most 

frequently infected organ being the esophagus (75.9%). 

Likewise, Hu et al. (2017) in China mentioned that the 

distribution of the sarcocysts was 84.9% in the 

esophagus, 32.6% in the tongue, 57% in the diaphragm, 

20.9% in the heart, and 79.1% in skeletal muscles. 

Similarly, other earlier revisions have shown that 

sarcocysts were more frequently realized in the 

esophagus than in any other regions of the bovine body 

(Nourani et al., 2010; Domenis et al., 2011; Abdullah, 

2021). On the contrary, Shahraki et al. (2018) reported 

that the highest frequency percentage was found in the 

heart (68%) and the lowest in the esophagus (36.6%). 

Furthermore, Sarcocystis was also detected in cattle 

cardiac muscles at total infection rates of 100% in Brazil 

by Ferreira et al. (2018). In a study in Zabol, Iran, the 

positivity rate of thin-walled cysts was 58.8% for the 

cardiac muscle, 13.9% for Masseter muscles, 10.2% for 

the tongue, 9.3% for the esophagus, and 7.8% for the 

diaphragm (Faghiri et al., 2019). Our findings suggest 

that the esophagus is a good selected location for 

sarcocysts in bovine body for future surveys. 

 The obtained consequences depicted that pepsin 

digestion is more accurate than the muscle squash 

approach in the recognition of Sarcocystis infection. 

Similarly, Davoudi et al. (2017) and Shahraki et al. 

(2018) also concluded that peptic digestion is a more 

efficient method for detection of infection. Also, this 

procedure is less complicated and quicker than other 

traditional approaches (Farhang-Pajuh et al., 2014). 

 With respect to the evaluation of sensitivity and 

specificity of MS to PD, MS examination showed a great 

specificity with moderate sensitivity relative to PD 

recognition. The current differences in sensitivity and 

specificity could have a substantial influence on the 

finding and controlling of sarcocystosis. It seems that 

more than one test might be crucial for the recognition of 



 
Iranian Journal of Veterinary Research, Shiraz University 

 

IJVR, 2022, Vol. 23, No. 4, Ser. No. 81, Pages 337-348 

345 

sarcocystosis. 

 In the current study, light microscope (LM) revision 

revealed that the sarcoplasms of the myocardia presented 

with bradyzoites enclosed in the thin smooth cyst walls, 

and the cysts ranged in morphology from oval to 

fusiform and measured between 73.3 × 281.1 (mean 135) 

μm in size; this description is similar to those in previous 
studies (Yang et al., 1990; Choi et al., 2018). 

Inappropriately, however, LM cannot recognize the 

difference between the three Sarcocystis spp. infecting 

cattle. S. cruzi thin-walled cysts can simply be discerned 

from S. hominis and S. hirsuta thick-walled sarcocysts 

conducted by histological sections as S. hominis and S. 

hirsuta have thick, radially striated cyst walls. The 

ultrastructure description of the recovered sarcocysts, on 

the other hand, showed close similarities with earlier 

studies illustrated by Mehlhorn et al. (1976), Dubey et 

al. (1989), and Calveria et al. (2001). Besides, the 

muscular tissue cysts of Toxoplasma gondii and 

Hammondia hammondi can easily be discerned from the 

recovered sarcocysts by the absence of septa (Mehlhorn 

et al., 1980). 

 Regarding the histopathological findings, the current 

data showed inflammatory reactions around some of the 

recovered micro-sarcocysts with marked degenerative 

changes. Consistently, muscle tissue invaded by 

Sarcocystis spp. cysts may become inflamed with 

abundant inflammatory cell infiltration as well as muscle 

fiber degradation, and necrosis was noticed (Nourollahi-

Fard et al., 2015; Januškevičius et al., 2018; Abdullah, 

2021). 

 The 18S rRNA fragment is regarded as a sufficient 

tool for the differentiation of Sarcocystis spp. worldwide. 

On the basis of molecular analysis, the current study 

confirmed the presence of S. cruzi in cattle. This finding 

was endorsed by the previous report of Choi et al. 

(2018), Prakas et al. (2020), and Portella et al. (2021). 

Likewise, a uniform cattle haplotype of S. cruzi appears 

to be geographically widespread (Rosenthal et al., 2008), 

and identical sequences of these species have been 

reported from Argentina to Japan (Gjerde, 2013). This 

finding confirms that dogs and cattle frequently interact 

in Egyptian farms, favoring the parasite life cycle 

(Ferreira et al., 2018). 

 Concerning Sarcocystis-specific tissue matrices, the 

current study confirmed that S. cruzi was the only 

Sarcocystis species identified in the inspected tissue 

samples of cattle based on molecular analysis. In 

contrast, Ferreira et al. (2018) found that S. cruzi was the 

only species detected infecting the cattle hearts. Also, 

Portella et al. (2021) revealed that S. cruzi was identified 

in heart samples from cattle after genetic sequencing. 

Another investigation demonstrated the presence of S. 

cruzi in the diaphragm muscles of cattle (Prakas et al., 

2020). This difference is due to the muscle tissue 

selected for the analysis. 

 In conclusion, to the best of our knowledge, the 

current study is the first to identify Sarcocystis cruzi as 

the main and most pathogenic species in cattle in the 

studied area both morphologically and molecularly; 

therefore, more attention should be given to avoid 

economic losses in meat industry. Additionally, the 

current survey demonstrated high prevalence of infection 

with microscopic cysts of Sarcocystis spp. in cattle 

intended for human consumption in Aswan, Egypt. Thus, 

farmers and veterinarians’ awareness, creation, and 
strategies aimed at breaking the life cycle of the parasite 

are required to reduce the spread of the parasite and, 

thereby, the expected zoonotic and economic impact. 

Also, our data demonstrated that the peptic digestion 

assays studied in the current analysis can be very useful. 

Epidemiological concern and further genotyping of other 

genetic markers provide the knowledge about the genetic 

diversity and frequencies of Sarcocystis spp. among 

other Egyptian livestock. 
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