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Meat sarcocystosis: a critical meat-borne parasite impacting carcasses in abattoirs
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Abstract

One of the most commonly occurring foodborne, tissue cyst-forming protozoan zoonotic parasites with public
health and veterinary relevance is Sarcocystis species. This research was conducted using traditional and molec-
ular techniques to identify the incidence of Sarcocystis spp. in 750 slaughtered bovine animals of varying age and
sex (375 cattle and 375 buffalo) at various abattoirs in Aswan Governorate, Egypt. The overall occurrence of mac-
roscopic lesions of Sarcocystis spp. in cattle and buffaloes was 20.5% and 38.4%, respectively, while the occurrence
of microscopic infection was 30.4% and 70.1%, respectively. Furthermore, the disease strongly correlated with the
measured variables, such as the animal’s age and sex. Animals older than 5 years had the highest infection rate,
and females had higher infection rates than males. The esophagus, tongue, and diaphragm had the highest rates
of sarcocyst compared to other organs. Histopathology studies of sarcocyst in various tissues revealed encased,
circular to elongated, basophilic sarcocysts with numerous bradyzoites embedded in muscle fibers. PCR-RFLP
reports that S. cruzi, S. hominis, S. hirsuta, S. buffalonis, and S. fusiformis were the species most often found.
Moreover, such frequency highlights the pressing need for an effective disease control strategy and a systematic
surveillance system among bovine populations. We strongly encourage the One Health approach to reduce zoo-
notic spread to humans and financial losses in the livestock industry.
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Introduction

Meat is the primary source of animal protein for a
variety of consumers, leading to a global increase in the
demand for red meat consumption (FAO/WHO, 2014).
As a result, abattoirs play a crucial role in managing
and controlling various zoonotic infections, including
Sarcocystis, a parasite responsible for foodborne illnesses
that humans can contract by consuming undercooked
or raw meat (Albayati et al., 2023). Sarcocystis species,
typical intracellular coccidian foodborne parasites of
the phylum Apicomplexa, undergo a required two-host
life cycle, with sexual development in the intestinal tract
of the definitive host and aural growth in many tissues of
the intermediate host (Elshahawy et al., 2022). Cysts of
this species are detected in the hearts, esophagus, dia-
phragms, tongues, masseter muscles, and other skeletal
muscles of herbivores, their intermediate hosts, following
multiple growth phases (Oguz et al., 2020).

Many types of Sarcocystis species, including S. cruzi
(which needs canids as its main host), S. bovifelis, S.
bovini, and S. hirsuta (which need felids as their main
host), S. hominis, and S. heydorni (which need humans
as their main host), and S. bovini and S. sigmoideus (the
definitive hosts are unknown), use cattle as their main
intermediate host (Gjerde, 2016; Gupta et al., 2024).
Sarcocystosis commonly causes eosinophilic myositis and
myocarditis in bovines, leading to financial losses due
to reduced milk production, miscarriages, and newborn
deaths (Elshahawy et al., 2022). Similarly, human sarco-
cystosis can manifest in two distinct forms as a result of
the ingestion of raw and/or inadequately cooked beef. The
most well-known form is intestinal sarcocystosis caused
by zoonotic species, which results in symptomatic stom-
ach disruption (Dubey, 2015). The second case includes
muscular involvement, which occurs when humans
become accidental hosts as a result of the consumption
of contaminated food by livestock Sarcocystis spp. fecal
sporocyst stage (Murata et al., 2018). Sarcocystis secre-
tory toxins have recently elevated the importance of this
issue (Ota et al., 2019).

Concerns about meat-borne parasites are growing for
several reasons, including the increasing consump-
tion of raw and/or lightly cooked foods, which may
increase exposure to parasites, and the growing impor-
tation of food, some of which comes from countries
lacking advanced hygiene standards and testing proce-
dures (CDC, 2000). Sarcocystosis in meat significantly
diminishes the quality, and a high meat rating renders
meat and offal unpalatable to consumers. Sarcocystosis
is one of the zoonotic foodborne diseases that affect
both humans and animals, in addition to the substan-
tial financial losses that result from the condemnation

of carcasses and/or offal in slaughterhouses. Sarcocystis
infections in intermediate hosts are frequently asymp-
tomatic, but serious cases have been reported, causing
weariness, lack of appetite, diarrhea, weight loss, mus-
cular convulsions, and, in extreme cases, death. Muscle
tissue cysts containing bradyzoites distinguish sarco-
cystosis, a degenerative change in the intermediate host
(Albayati et al., 2023).

This research aims to investigate the incidence of
Sarcocystis infection in cattle and buffalo, which are
strategically valuable and economically significant ani-
mals slaughtered at various central abattoirs in Aswan
Governorate, Egypt, through macroscopic and micro-
scopic investigation, as well as molecular recognition of
Sarcocystis spp. by PCR-RFLP of the 18S rRNA gene to
reduce the zoonotic risk posed by this parasite.

Materials and Methods
Research period and area

A cross-sectional investigation was conducted in
Aswan, which is located in southern Egypt and expe-
riences the warmest, hottest summers. Its 62,726 km®
region is bounded by latitude 24° 5’ 20.18” N and lon-
gitude 32° 53’ 59.39” E. To ascertain the occurrence of
Sarcocystis spp. and their monetary effect on slaugh-
tered bovines (cattle and buffalo), the present retro-
spective analysis was carried out in several different
abattoirs in Aswan Province, Egypt, between April and
October 2024. The chosen abattoirs were the central
slaughterhouses selected for their high annual animal
throughput and varied geographic locations for the
cattle. We reasoned that samples from these abattoirs
would provide a thorough understanding of the prev-
alence of sarcocystosis in the research region because
they receive slaughtered animals from different places.
A comprehensive antemortem clinical assessment
and postmortem investigation were performed on the
slaughtered animals. Daily records for animals desig-
nated for slaughter were obtained from the general vet-
erinary services’ archives.

Sample size

Thrusfield (2017) computed the sample size using a 95%
confidence interval (CI) and 5% absolute precision. Thus,
Elshahawy et al. (2022) calculated the anticipated preva-
lence of Sarcocystis spp. to be 92.5%.
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n = requisite sample size, Z = appropriate percent-
age for the standard deviation for the expected con-
fidence = 1.96, P = predictable occurrence, and d =
anticipated absolute accuracy (usually 0.05).

1.96°x0.925(1-0.925)
n= 5
0.05

=106.6 (Minimum sample size)

In contrast, 750 samples from cattle and buffaloes were
inspected for the occurrence of Sarcocystis spp., with the
larger sample size boosting the likelihood of discovering
positive cases.

Study animals

According to the legal requirements of Egyptian abat-
toirs, routine daily antemortem and postmortem inspec-
tions examined about 750 slaughtered bovines of various
ages and sexes, consisting of 375 cattle (237 male and
138 female) and 375 buffaloes (158 male and 217 female).
Animal ages were determined by dental eruptions and
categorized as <2 years (young), 2-5 years (adult), and
>5 years (old).

Antemortem and postmortem checkup

Every animal underwent a physical clinical checkup
before slaughter, adhering to the antemortem assess-
ment protocols under the Egyptian Guidelines for Cattle
Inspection under Law 517 (GOVS, 1986). Specifically,
superficial lymph nodes, visible mucous membranes,
and body condition were examined. The postmortem
assessment for Sarcocystis spp. was carried out under
Egyptian regulations (GOVS, 1986). The gross inspec-
tion involved slicing muscle masses from the esophagus,
heart, tongue, masseter muscles, and skeletal muscles,
which were meticulously examined and palpated with
the naked eye for the detection of macroscopic sar-
cocysts. Upon the detection of a cyst, the sample was
regarded as positive macroscopically; otherwise, it was
subjected to microscopic analysis using the digestion
method.

Samples collection

From each apparently Sarcocystis-free carcass, sam-
ples (75 g) were collected from the esophagus, heart,
tongue, diaphragm, masseter muscles, and skeletal mus-
cles of the fore and hind quarters to detect the incidence
of microscopic bradyzoites. All samples were labeled,
transported to Aswan University, Faculty of Veterinary
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Medicine, Food Hygiene Laboratory, and stored at 4°C
until analysis.

Microscopy identification of Sarcocystis bradyzoites

Oguz et al. (2021) employed the pepsin digestion method
for the identification of microcysts. In summary, 5 g of
samples were placed in a 50 cc trypsin solution (1.3 g
pepsin, 3.5 ml 25% HCI, 2.5 g NaCl, and 500 ml distilled
water), thawed, and chopped for 30 minutes at 40 °C,
and then homogenized using a tissue homogenizer. The
filtrate was placed into a tube after the broken-down
content was passed through a smooth mesh filter. Before
processing each tissue, the homogenizer was washed with
boiling water. The filtrate was centrifuged for ten minutes
at 3500 rpm. A small amount of sediment at the bottom
was then removed using a pipette, stained with Giemsa
staining, and morphologically analyzed for Sarcocystis
bradyzoites using a light microscope (x40).

Histopathological inspection

Tissue samples from positive microcyst samples were
preserved in 10% neutral buffered formalin, dried in a
series of graded alcohols, cleaned in xylene, embedded in
paraffin, cut into 5 um thick sections, and then placed on
slides (Elbarbary et al., 2024). The samples were subse-
quently stained with hematoxylin and eosin and observed
under a microscope. Highly qualified staff members
from the Pathology Department, Faculty of Veterinary
Medicine, New Valley University, thoroughly inspected
every slide for microscopic Sarcocystis. The results were
captured and documented using a Canon digital camera
(Canon Powershot A95) attached to a Leitz Dialux 20
Microscope (Germany).

Sarcocystis species DNA identification

Getting DNA out

The Quick-gDNA™ MiniPrep reagent (Catalog No.
D3024, Zymoresearch, USA) was used to extract DNA
from microscopically positive samples from each cate-
gory and preserved at -20°C until PCR analysis (Khairy
et al., 2024).

PCR amplification

PCR was used to identify the 18S rRNA gene of
Sarcocystis species specific for cattle and buffalo using
the primers (Willowfort Company, United Kingdom),
sarF-5'CGTGGTAATTCTATGGCTAATACA’3 and
sarR-5'TTTATGGTTAAGACTACGGGTA'3, at 900 bp
(Hooshyar et al., 2017). Each 25 uL PCR reaction
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included 5 pL of genomic DNA (~25 ng) and 1 pL of each
primer at a 20 pmol concentration, mixed with 12.5 uL
of EmeraldAmp Max PCR Master Mix (Takara, Japan)
and 5.5 pL of nuclease-free water. Denaturation was per-
formed at 94 °C for 5 min, followed by 35 cycles of 94 °C
for 45 sec, 57.5 °C for 45 sec (annealing), and 72 °C for 60
sec (extension), with a final extension at 72 °C for 5 min.
Extracted DNA samples were electrophoresed in a 1.5%
agarose solution in 1x TBE electrophoresis buffer at 80 V
for 100 min; the gel was stained with ethidium bromide
and then photographed on a UV transilluminator. The
fragment sizes at 900 bp were confirmed using a 100 bp
plus DNA ladder (Qiagen, Germany, GmbH).

Restriction fragment length polymorphism (RFLP)

To differentiate distinct Sarcocystis species, PCR prod-
ucts were digested with the restriction endonucleases
BslI and Ssp1 (FastDigest, Thermo Scientific) according
to Jehle et al. (2009) and Hamidinejat et al. (2015). With
the Bsll enzyme, the specific fragment sizes of RFLP
digestion produce 343 and 513 bp for S. cruzi, 110, 242,
and 525 bp for S. buffalonis, and 335 and 532 bp for S.
fusiformis. Sspl enzyme-assisted RFLP digestion yields
260 and 647 bp for S. hirsuta and 233 and 637 bp for S.
hominis. In a 50 pL reaction volume, PCR products were
directly subjected to RFLP analysis, which included 5
uL of reaction buffer and 1 uL (10 U/uL) of restriction
enzyme (Ssp1 and Bcll) combined with 10-20 pL of PCR
product. The restricted mixture was incubated for 16
hours at either 37 °C (SspI) or 55 °C (Bs/1). As directed
by the manufacturer, enzymes were inactivated for 20
min at 65 °C (SspI) and 80 °C (BslI). After separation
on 2% agarose gels and staining with ethidium bromide,
the resulting restriction fragments were examined under
ultraviolet light. A 100 bp DNA ladder was used as a scale
marker.

Analyzing data

Microsoft Excel was used for the computations, and
SAS (2004) Version 5 was used to apply the chi-square
test to determine statistical significance. Branger (2013)
discussed the analytic and prognostic utilities of micro-
scopic examination.

Results

Incidence of Sarcocystis spp. in inspected carcasses and
related major risk factors

Table 1 displays the characteristics of animals with sus-
picious Sarcocystis found during postmortem inves-
tigations; out of 750 examined slaughtered «cattle
and buffaloes, 20.5% (77/375) and 38.4% (144/375),

respectively, were found to have macroscopic sarcocyst
lesions, while the infection with microscopic sarcocyst
was 30.4% (114/375) and 70.1% (263/375), respectively.
Additionally, the findings showed that older cattle and
buffaloes had a greater prevalence of macroscopic sar-
cocyst (41.5% and 52.3%) and microscopic sarcocyst
(51.5% and 83.5%) than younger ones. According to the
current findings, the young calf carcasses did not appear
to have any apparent cyst infections. Both macroscopic
cysts (29% and 51.6%) and microscopic cysts (52.2% and
88%) were highly prevalent in female cattle and buffaloes,
respectively. Also, the majority of the bovine carcasses
positive for Sarcocystis were discovered at the Aswan
and Kom Ombo slaughterhouses. The age and sex of the
slaughtered animals were found to be significantly linked
to the occurrence of Sarcocystis (p < 0.05).

Distribution of Sarcocystis spp. in different tissues

Localized sarcocyst lesions, mostly restricted to one or
a few organs, were present in the majority of positive
carcasses (Table 2). Macroscopic cysts were found more
frequently in cattle and buffalo tissues, including the
esophagus (19.5% and 36.5%), heart (15.5% and 25.9%),
tongue (19% and 33.9%), diaphragm (17.6% and 35%),
masseter muscles (16.5% and 32.2%), forequarters (13%
and 22.6%), and hindquarters (10.4% and 17.9%), respec-
tively. Microscopic cysts were found in the following tis-
sues in cattle and buffalo: esophagus (28.5% and 66.4%),
heart (23.5% and 46.7%), tongue (26.1% and 59.5%), dia-
phragm (27.5% and 63.5%), masseter muscles (27.2% and
62.1%), forequarters (19.2% and 31.7%), and hindquarters
(18.1% and 23.7%), respectively.

Morphological identification of isolated macroscopic
Sarcocystis

The macroscopic sarcocysts cysts that have been found
can be fusiform, oval, spindle, elongated, cucumber,
or rice-seed shaped and consist of opaque bodies that
are milky white in color, located between muscle bun-
dles along the longitudinal axis of the muscle mass.
Macrocysts were found in various organs, either just
beneath the serosal surface, as in the esophagus, or deep
within the muscular layer, as in the diaphragm, tongue,
and masseter muscles (Figures 1 and 2).

Histopathological findings

The recovered microcysts were mostly fusiform, with
an oval shape. The cell wall was thin and smooth, with
a granular layer immediately underneath. There were
septa that extended from the granular layer, splitting the
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Table 1.  Prevalence of sarcocyst infection in the examined bovine carcasses.
Characteristics Examined animal Positive for sarcocyst
i) Macroscopic Microscopic
Cattle Buffalo Cattle Buffalo Cattle Buffalo
No. % No. % No. % No. % No. % No. %
Total No. 375 50 375 50 77 20.5 144 38.4 114 30.4 263 70.1
Age
young 103 27.5 87 23.2 0 0 17 19.5 6 5.8 44 50.6
adult 142 37.9 112 29.9 23 16.2 35 31.3 41 28.9 72 64.3
old 130 34.6 176 47 54 41.5% 92 52.3* 67 &5 147 83.5%
Chi?* 6.35 9.27 8.41 11.74
Sex
Male 237 63.2 158 421 37 15.6 32 20.3 42 17.7 72 45.6
Female 138 36.8 217 57.9 40 29* 112 51.6* 72 52.2* 191 88*
Chi?* 5.83 8.26 10.62 12.35
Slaughterhouse
Aswan 124 33.1 111 29.6 37 29.8* 63 56.8* 53 42.7* 96 86.5*
Daraw 62 16.5 56 14.9 6 9.7 12 214 13 21 28 50
Kom Ombo 106 28.3 117 31.2 23 21.7 48 41* 31 29.2 84 71.8*
Edfu 83 221 91 24.3 1 13.3 21 23 17 20.5 55 60.4
Chi?* 7.48 10.61 10.32 12.74
* = significantly different by Chi-square statistics at (p < 0.05) for each character.
Table 2. Prevalence of sarcocyst in different tissues of slaughtered bovine.
Affected organ Macroscopic Microscopic
Cattle Buffalo Cattle Buffalo
No. % No. % No. % No. %
Esophagus 73 19.5* 137 36.5% 107 28.5% 249 66.4*
Heart 57 15.2 97 25.9* 88 235 175 46.7*
Tongue 71 19 127 33.9 98 26.1 223 59.5
Diaphragm 66 17.6 131 35 103 21.5 238 63.5
Masseter muscles 62 16.5 121 322 102 27.2 233 62.1
Forequarter muscles 49 13* 85 22.6 72 19.2* 119 31.7
Hindquarter muscles 39 10.4* 67 17.9¥ 68 18.1 89 23.7*
Chi?* 5.43 8.25 9.63 11.22
Positive samples % was calculated from the total examined carcasses (n= 375 of each).
Chi?* Significantly different at (p < 0.05).
cysts into sections with many banana-shaped bradyzoites PCR-RFLP findings

inside. The histopathological analysis revealed that dete-
riorated cysts were located in areas of tissue necrosis.
Additionally, there was an absence of an inflammatory
response in the majority of the examined slides, and, to
some extent, there was inflammation surrounding the
muscle fibers and among the cysts, where neutrophils,
lymphocytes, eosinophils, and plasma cells were present
(Figure 3).

The PCR investigation of all microsarcocyst samples indi-
cated that 89 (78.1%) out of 114 cattle carcasses and 217
(82.5%) out of 263 buffalo carcasses had positive diagnos-
tic bands at 900 bp on gel electrophoresis, demonstrat-
ing the occurrence of the Sarcocystis spp. 18S rRNA gene
(Figures 4). On the other hand, Figures 5 & 6 display gel
electrophoresis of the PCR-RFLP by amplification of the
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Figure 1. Macroscopic appearance of sarcocysts (indicated by black arrows) in different tissues of cattle carcass: esophagus
(A), tongue (B), skeletal muscles (C), heart (D), diaphragm (E), and masseter muscles (F).

B)

(©) *

Figure 2. Macroscopic appearance of sarcocysts (indicated by black arrows) in different tissues of buffalo carcass: esopha-
gus (A), tongue (B), skeletal muscles (C), heart (D), diaphragm (E), and masseter muscles (F).

18S rRNA gene from all positive isolates of microsarco-
cysts by PCR, revealing a unique fragment pattern for
Sarcocystis spp. with the restriction endonucleases Ssp1
enzyme (S. hominis, S. hirsuta) and BslI enzyme (S. cruzi,
S. buffalonis, S. fusiformis).

Discussion

Sarcocystis, an intracellular protozoan that infects a
diverse array of vertebrates, livestock, and humans,
is a parasite that contributes to the development of
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Muscle

Figure 3.

Meat sarcocystosis

Histopathological observation of sarcocysts in different tissues stained with H&E stain. Encapsulated, circular to

elongated basophilic sarcocysts filled with numerous bradyzoites, inserted into muscle fibers (indicated by black arrow) (A,C).

B: large fusiform shaped, thin-walled, banana-like bradyzoites.

Figure 4. Agarose gel showing PCR amplification pattern for the 18S rRNA gene of Sarcocystis spp. from examined cattle
(lane 1 to lane 10) and buffalo (lane 11 to lane 20) at 900 bp. CN: control negative, CP: control positive, M= Marker (100 bp).

food-borne diseases (Hussein et al., 2023). This makes
food safety measures crucial. Additionally, Sarcocystis is
considered one of the primary contributors to economic
losses in the livestock industry and may result in health
issues for consumers. As part of the meat assessment
procedure, split carcasses, organs, and lymph nodes are
checked to ensure they are safe for human consumption
and to collect global epidemiological information about
zoonotic and parasitic infections like Sarcocystis (Lawan
et al., 2020). The Egyptian General Organization of
Veterinary Services employs visual, palpation, and inci-
sion assessments to conduct slaughterhouse monitoring

to identify the presence of disease in slaughtered animals
for consumption (Khairy et al., 2024).

Visual evaluation of muscle tissues in this study revealed
macroscopic cysts as elongated, ovoid, and cigar-shaped,
with rounded tips. A thorough postmortem investigation
revealed a total rate of 20.5% and 38.4% macroscopic cysts
and 30.4% and 70.1% microscopic cysts among slaughtered
cattle and buffaloes, respectively. However, the incidence of
Sarcocystis differs among the analyzed abattoirs. The Aswan
and Kom Ombo abattoirs show a statistically significant
greater frequency than others in the studied area, implying
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647 bp
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Identification of Sarcocystis spp. in slaughtered food animals using PCR-RFLP.

525 bp 532 bp 513 bp

242bp
“110bp

e 343-3?4{)3 bp
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Figure 6. PCR-RFLP analysis of PCR products of the 18S rRNA gene of Sarcocystis spp. digested by the Ssp7 enzyme, result-
ing in 233 and 637 bp for S. hominis (Lanes 1&2 and 11&12), 260 and 647 bp for S. hirsuta (Lanes 3&4 and 13&14), and by the
Bsl1 enzyme, resulting in 110, 242, and 525 bp for S. buffalonis (Lanes 5&6 and 15&16), 335 and 532 bp for S. fusiformis (Lanes
7&8 and 17&18), and 343 and 513 bp for S. cruzi (Lanes 9&10 and 19&20) from examined cattle and buffalo, respectively.

a highly contaminated environment. A thorough postmor-
tem investigation revealed a total frequency of 20.5% and
38.4% macroscopic cysts and 30.4% and 70.1% microscopic
sarcocyst in slaughtered cattle and buffaloes in this study,
respectively. Nonetheless, the incidence of Sarcocystis dif-
fers among the analyzed abattoirs (p < 0.05). The Aswan and
Kom Ombo abattoirs show a statistically significant greater

frequency than others in the studied area, implying a highly
contaminated environment. The high infection rate in this
investigation might be because the survival and viability
of sporocysts in the environment are affected by seasonal
changes in the infection, which are influenced by climate
conditions like high temperature and humidity that charac-
terize the studied area (Elshahawy et al., 2022).
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Additionally, bovines are commonly susceptible to infec-
tion due to their frequent breeding in regions where stray
canines and cats are present or environmental pollution
caused by infectious species (El-Sayad et al., 2023).

Previous indigenous investigations revealed a wide range
of infection rates in various Egyptian provinces: 7.5% in
the New Valley city (Ahmed et al., 2016), 26.5% in Tanta
(El-Sayad et al., 2023), 28% in Sohag (Khalifa et al., 2008),
88% in Menoufia (Mousa et al., 2021), and 92.5% in Aswan
(Elshahawy et al., 2022). Similarly, researchers worldwide
have documented the highest peak occurrences between
91.0% and 100%, including Argentina (More et al,
2008), the Southwest 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), Iran (Sarafraz et al., 2020),
Belgium (Zeng et al., 2021), Iraq (Albayati et al., 2023),
and Iran (Dalir et al., 2023). Variances can be attributable
to sample size, examined organs, diagnostic procedures,
and, most importantly, the existence of infectious stages
in the environment. A high frequency of sarcocystosis is
associated with close interaction between the final and
intermediate hosts (Dong et al., 2018).

The current study found a statistically significant cor-
relation between the age and sex of the animal and the
frequency of infection in older female animals, specifi-
cally buffaloes. Earlier investigations in Egypt (El-Sayad
et al., 2023; Elshahawy et al., 2022; Gareh et al., 2020;
Mousa et al., 2021) and other countries (Fayer et al.,
2015; Imre et al., 2019; Mounika et al., 2018; Zeng et al.,
2021) have also found a steady increase in infection with
age. The animal management organization in Egypt may
be responsible for the low ratio of infected bulls, as the
majority of bulls are confined to the fattening system and
are slaughtered at approximately two years of age, while
cows are reserved for extended periods for milk produc-
tion (Elrais et al., 2022). The higher infection rate may be
explained by the fact that every female infected in our
study was older than five years, which corresponds to the
age at which the legislation of the Egyptian Ministry of
Agriculture (laws 53/1966 and 207/1980) compels female
slaughter. The results did not match those of Mousa et al.
(2021), who found that microscopic cysts were more
common in bulls (92% vs. 84%) in Egypt; El-Kady et al.
(2018) found that they were 76.2% more common in bulls
than in cows (9.5%) in Qena, Egypt; and Obijiaku et al.
(2013) found 40% in cows and 47.7% in bulls in Nigeria.
In young cattle, microcysts were discovered, but no mac-
roscopic cysts were seen. Shekarforoush et al. (2013)
attribute the scarcity of macroscopic cysts to their feline
origin and the unusual cattle-cat contact in the study area.
Likewise, Elshahawy et al. (2022), Mousa et al. (2021),
and Yang and Dong (2018) found no macroscopic
Sarcocystis cysts in the investigated cattle.

Meat sarcocystosis

According to the findings of the present investigation,
there was a statistically significant connection between
the percentage of infection and the tissues that were
examined, with the esophagus being the organ most
frequently infected. Visual inspection of organs showed
that Sarcocystis macrocysts preferentially localized to
the esophagus, followed by the tongue and diaphragm,
while the hindquarter muscles had the fewest macro-
cysts. It appears that the esophagus was an earlier stop
on Sarcocystis’ migration route. Accordingly, future stud-
ies on the occurrence of Sarcocystis in cattle should focus
on the esophagus, as it may be more useful in recogniz-
ing the infection at an earlier stage. A previous study
that tracked the esophagus as the organ most frequently
affected supported this outcome (Ahmed et al., 2016;
El-Sayad et al., 2023; Elshahawy et al., 2022; Elrais et al.,
2022; JyothiSree et al., 2017; Mousa et al., 2021). In con-
trast, numerous countries, including Argentina (Moré
et al., 2011), Italy (Bucca et al., 2011), Brazil (Ferreira
et al., 2018), Iran (Shahraki et al., 2018), the Netherlands
(Hoeve-Bakker et al., 2019), and Belgium (Zeng et al.,
2021), have recorded high incidence rates in the hearts
and diaphragms of cattle, respectively, ranging from
58% to 99.5%, indicating that the heart and diaphragm
are target colonizing sites for Sarcocystis. In addition
to the distinctions between the aforementioned organs
and muscles, variations in detection and identification
methods (such as morphological and molecular recog-
nition) and the research populations (such as age, sex,
and breed) can lead to differences in the occurrence rates
reported in the studies.

Improvements in livestock diagnosis techniques are
crucial (Fotouh et al., 2024). This study subjected cysts
recovered from slaughtered carcasses to a variety of
diagnostic techniques beyond visual assessment. In this
respect, the process of digestion and histological exam-
ination was applied to investigate microscopic cysts.
Microscopic analysis revealed microcysts within the tis-
sues of several organs, including the esophagus, heart,
tongue, diaphragm, masseter muscles, forequarters, and
hindquarters. These findings were consistent with other
studies conducted on different hosts, which found min-
ute cysts in various bovine tissues (Elrais et al., 2022;
El-Sayad et al., 2023; Zeng et al., 2021). While buffa-
loes serve as intermediate hosts for S. fusiformis and S.
buffalonis, the primary species that infect cattle are S.
cruzi, S. hominis, and S. hirsuta (Lindsay and Dubey,
2020). The thickness and form of the cyst wall are used
to categorize Sarcocystis species (El-Sayad et al., 2023).
Some species, like S. cruzi, have thin walls, while oth-
ers, such as S. hominis and S. hirsuta, have thick walls
(Elshahawy et al., 2022). The histopathological analysis
of the animals under investigation revealed the pres-
ence of morphologically distinct Sarcocystis species,
including thick-walled species that form macrocysts
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and microcysts with distinct chambers, as well as thin-
walled species. Comparable results were published
by Ayazian et al. (2020), Elshahawy et al. (2022), and
Ibrahim ez al. (2018). Additionally, the tissue surround-
ing the cysts showed no signs of inflammation. Protozoa
are found in cysts inside muscle fibers, providing defense
from host immunity—a theory that has been validated
for many other parasites—thus explaining the appar-
ent absence of an inflammatory response (Nance et al.,
2012; Shosha et al., 2024). Our findings align with the
fact that inflammatory cells are not commonly observed
in tissues affected by Sarcocystis infection (Gareh et al.,
2020; Italiano et al., 2014).

Molecular techniques that rely on the recognition of
the 18S rRNA gene use genetic markers for the species-
specific differentiation of Sarcocystis. These approaches
do not amplify other host or environmental DNA, as
previously reported (Hajimohammadi et al., 2014).
Thus, in the current investigation, PCR amplification of
the 185 rRNA gene confirmed infection with Sarcocystis
spp. in 78.1% and 82.5% of the analyzed microcysts in
cattle and buffalo carcasses, respectively. This high-
lights the need for molecular diagnostics to distinguish
Sarcocystis spp. from other cyst-forming diseases. The
18S rRNA fragment is considered a suitable tool for dis-
tinguishing Sarcocystis spp. on a global scale (Elshahawy
et al., 2022). In the current study, the identification
of Sarcocystis species using PCR-RFLP amplification
of the 18S rRNA gene with restriction endonuclease
enzymes (Sspl and Bs/1) demonstrated that S. cruzi and
S. hirsuta are the most frequently identified species in
Sarcocystis spp. in the examined bovine carcasses, fol-
lowed by S. hominis, S. buffalonis, and S. fusiformis.
Previous research published by El-Sayad et al. (2023),
Elshahawy et al. (2022), Mousa et al. (2021), Prakas
et al. (2020), Portella et al. (2021), and Oguz et al. (2021)
supported these findings. This result suggests that dogs
and cattle often interact on Egyptian farms, supporting
the parasite life cycle (Ferreira et al., 2018). Infected
carnivores are thought to shed Sarcocystis sporocysts
into the environment in very high quantities. For many
reasons, including high temperatures, these sporocysts
can remain viable for extended periods. Pastoral cattle
easily consume these contaminated feces, which then
contribute to further environmental contamination
(Oguz et al.,, 2021).

However, the authors recognize a significant gap in the
available information regarding zoonotic foodborne par-
asites, particularly sarcocystosis, which pose a serious
threat to human health and major livestock species, espe-
cially bovines, in Upper Egypt. Additionally, this issue
remains underexplored in the farming sector, particularly
concerning the often undetected Sarcocystis. The limita-
tions of this research include the fact that PCR-RFLP was

applied only to the samples that tested positive micro-
scopically, and the absence of DNA sequencing tech-
niques or phylogenetic studies for molecular validation
of Sarcocystis species following PCR-RFLP analysis. We
recommend further research to determine the actual
prevalence of sarcosporidiosis in other herbivores across
various regions of Egypt.

Conclusion

The current investigation has highlighted a significant
incidence of bovine Sarcocystis in slaughtered cat-
tle and buffalo intended for human consumption in
Aswan abattoirs, Egypt. The most commonly identified
Sarcocystis species in the bovine carcasses examined
were S. cruzi, S. hirsuta, S. hominis, S. buffalonis, and
S. fusiformis. To ensure the accurate identification of
suspected cysts, traditional morphological techniques
should be combined with modern molecular diagnos-
tic methods in slaughterhouses. To mitigate the spread
of the parasite and its associated economic and zoo-
notic risks, it is crucial for farmers and veterinarians
to implement strategies that disrupt the parasite’s life
cycle. Further molecular and biochemical research
is required to differentiate between Sarcocystis spp.
recovered from various hosts in different geographical
regions of Egypt.

Ethics Statement

All technique used in this investigation were conducted
in accordance with the relevant rules and guidelines.
Approval was obtained from the Faculty of Veterinary
Medicine, Research Ethics Committee, New Valley
University (No. 02/3/3-2024/15).

Acknowledgements

The authors would like to extend their sincere appreci-
ation to the Researchers Supporting Project Number
(RSPD2025R986), King Saud University, Riyadh, Saudi
Arabia.

Data Availability Statement

The article contains all the data.

Author Contributions

N.E,, A.G,, and A.E.: involved in conceiving the research
idea, sampling, methodology, and writing—original draft

370

ltalian Journal of Food Science, 2025, 37 (2)



preparation. M.B. and W.D.: investigation, supervision
and interpretation. M.A., M.D. and M.A.: participated in
methodology, data analysis and contributed their scien-
tific advice. M.S., M.D,, and N.A.: data analysis drafted
and prepared the manuscript for publication and revi-
sion. All authors have read and agreed to the published
version of the manuscript.

Conflict of interest

The authors declare no conflict of interest.

Funding

The authors declare no funding for this article.

References

Ahmed A. M., Elshraway N. T. & Youssef A. (2016). Survey on
Sarcocystis in bovine carcasses slaughtered at the municipal
abattoir of El-Kharga, Egypt, Veterinary World, 9, 1461-1465.
https://doi.org/10.14202/vetworld.2016.1461-1465

Albayati H. H., and Jassem G. A. (2023). Traditional, histopatho-
logical and molecular diagnosis of sarcocytosis in slaugh-
tered sheep in Al-Diwaniyah province, Iraq. Iragi Journal of
Veterinary Sciences, 37, 871-875. https://doi.org/10.33899/
ijvs.2023.138763.2835

Ayazian M. S., Teimouri A., Mohebali M., Sharifi Yazdi M. K.,
Shojaee S., Rezaian M. (2020). Sarcocystis infection in beef and
industrial raw beef burgers from butcheries and retail stores: a
molecular microscopic study. Heliyon, 6, e04171. https://doi.
org/10.1016/j.heliyon.2020.e04171

Branger B. (2013). Valeur diagnostique et prédictive d'un test de
diagnostic ou de dépistage. 11. In: Test Diagnostique. Réseau de
Périnatalité des Pays de la Loire. Nantes, France. Available from:
https://www.reseau-naissance.fr/data/mediashare/zy/5lort-
2g2ifme9q429gvnfgmohOxctd-rg.pdf

Bucca M., Brianti E. Giuffrida A., Ziino G., Cicciari S., &
Panebianco A. (2011). Prevalence and distribution of
Sarcocystis spp. cysts in several muscles of cattle slaughtered
in Sicily, Southern Italy. Food Control, 22, 105-108. https://doi.
org/10.1016/j.foodcont.2010.05.015

Centers for Disease Control and Prevention (CDC). (2000).
Surveillance for foodborne-disease outbreaks-United States,
1993-1997. Morbidity and Mortality Weekly Report, 49, 1-62

Chauhan R. S. & Agarwal D. K. (2008). Textbook of Veterinary,
Clinical and Laboratory Diagnosis (2nd ed.). Jaypee Brothers
Medical Publishers, New Delhi, India (pp. 1-364).

Chiesa F., Muratore E., Dalmasso A., & Civera T. (2013). A new
molecular approach to assess the occurrence of Sarcocystis
spp. in cattle and products thereof: preliminary data. Italian
Journal of Food Safety, 2, 148—151. https://doi.org/10.4081/
ijfs.2013.1580

Meat sarcocystosis

Dafedar A., D'Souza P. E., & Mamatha G. S. (2011). Prevalence and
morphological studies on Sarcocystis species infecting cattle in
Bangalore. Journal of Veterinary Parasitology, 25, 183—-184.

Dalir Ghaffari A., Dalimi A., & Pirestani M. (2022). Microscopic
and Molecular Detection of Sarcocystis cruzi (Apicomplexa:
Sarcocystidae) in the Heart Muscle of Cattle. Iranian Journal
of Parasitology, 17, 535-542. https://doi.org/10.18502/ijpa.
v17i4.11281

Dong H., SuR., Wang Y., Tong Z., Zhang L., Yang Y., & Hu J. (2018).
Sarcocystis species in wild and domestic sheep (Ovis ammon
and Ovis aries) from China. BMC Veterinary Research, 14, 377.
https://doi.org/10.1186/s12917-018-1712-9

Dubey J. P. (2015). Foodborne and waterborne zoonotic sarco-
cystosis. Food Waterborne Parasitology, 1, 2—11. https://doi.
org/10.1016/j.fawpar.2015.09.001

Elbarbary N. K., Darwish W. S., Fotouh A., & Mohamed K. D.
(2024). Unveiling the mix-up: investigating species and unau-
thorized tissues in beef-based meat products. BMC Veterinary
Research, 20, 380 . https://doi.org/10.1186/s12917-024-04223-4

El-Kady A. M., Hussein N. M., & Hassan A. A. (2018). First molec-
ular characterization of Sarcocystis spp. in cattle in Qena
Governorate, Upper Egypt. Journal of Parasitic Diseases, 42,
114-121. https://doi.org/101007/s12639-017-0974-7

Elrais A., Reda A. G., Abo-Bakr M. E., & Hanan M. L. (2022).
Prevalence and distribution patterns of Sarcocysts in cattle car-
casses slaughtered at the municipal abattoir of Tanta, Egypt.
Benha Veterinary Medical Journal, 42, 194-197. https://doi.
org/10.21608/bvm;j.2022.131800.1511

El-Sayad M., El-Taweel H., Ahmed A., & Abd El-Latif N. (2023).
Sarcocystosis among buffaloes from slaughterhouses in Nile
Delta, Egypt: morphologic assessment and molecular confir-
mation. Iranian Journal of Veterinary Research, 24, 313-319.
https://doi.org/10.22099/1JVR.2023.48129.7006

Elshahawy I. S., Mohammed E., Gomaa A., & Fawaz M. (2022).
Sarcocystiscruzi in Egyptian slaughtered cattle (Bos taurus):
epidemiology, morphology and molecular description of the
findings. Iranian Journal of Veterinary Research, 23, 337-348.
https://doi.org/10.22099/1JVR.2022.43498.6363

FAO/WHO. (2014). Multicriteria-based ranking for risk manage-
ment of food-borne parasites. Microbiological Risk Assessment
Series No. 23 (pp. 302). Rome. E-ISBN 978-92-5-108200-3
https://www.who.int/foodsafety/publications/mra_23

Fayer R., Esposito D. H., & Dubey J. P. (2015). Human infections
with Sarcocystis species. Clinical Microbiology Reviews, 28,
295-311. https://doi.org/10.1128/CMR.00113-14

Ferreira M. S., Vogel F. S., Sangioni L. A., Cezar A. S., Braunig P,
de Avilla Botton S., Camillo G., & Portella L. P. (2018). Sarcocystis
species identification in cattle hearts destined to human con-
sumption in southern Brazil. Veterinary Parasitology: Regional
Studies and Reports, 14, 94-98. https://doi.org/10.1016/j.
vprsr.2018.09.002

Fotouh A., Shosha E. A., Zanaty A. M., & Darwesh M. M. (2024).
Immunopathological investigation and genetic evolution of
Avian leukosis virus Subgroup-J associated with myelocytoma-
tosis in broiler flocks in Egypt. Virology Journal, 21, 83. https://
doi.org/10.1186/512985-024-02329-7

Italian Journal of Food Science, 2025; 37 (2)

371


https://doi.org/10.18502/ijpa.v17i4.11281�
https://doi.org/10.18502/ijpa.v17i4.11281�
https://doi.org/10.1186/s12917-018-1712-9�
https://doi.org/10.1016/j.fawpar.2015.09.001�
https://doi.org/10.1016/j.fawpar.2015.09.001�
https://doi.org/10.1186/s12917-024-04223-4�
https://doi.org/101007/s12639-017-0974-7�
https://doi.org/10.21608/bvmj.2022.131800.1511�
https://doi.org/10.21608/bvmj.2022.131800.1511�
https://doi.org/10.22099/IJVR.2023.48129.7006�
https://doi.org/10.22099/IJVR.2022.43498.6363�
https://www.who.int/foodsafety/publications/mra_23
https://doi.org/10.1128/CMR.00113-14�
https://doi.org/10.1016/j.vprsr.2018.09.002�
https://doi.org/10.1016/j.vprsr.2018.09.002�
https://doi.org/10.1186/s12985-024-02329-7�
https://doi.org/10.1186/s12985-024-02329-7�
https://doi.org/10.14202/vetworld.2016.1461-1465�
https://doi.org/10.33899/ijvs.2023.138763.2835�
https://doi.org/10.33899/ijvs.2023.138763.2835�
https://doi.org/10.1016/j.heliyon.2020.e04171�
https://doi.org/10.1016/j.heliyon.2020.e04171�
https://www.reseau-naissance.fr/data/mediashare/zy/5lort-2g2ifme9q429gvnfgmoh0xctd-rg.pdf�
https://www.reseau-naissance.fr/data/mediashare/zy/5lort-2g2ifme9q429gvnfgmoh0xctd-rg.pdf�
https://doi.org/10.1016/j.foodcont.2010.05.015�
https://doi.org/10.1016/j.foodcont.2010.05.015�
https://doi.org/10.4081/ijfs.2013.1580�
https://doi.org/10.4081/ijfs.2013.1580�

Elbarbary NK et al.

Gareh A, Soliman M. Saleh A. A, El-Gohary F A,
El-Sherbiny H. M., Mohamed R. H., & Elmahallawy E. K.
(2020). Epidemiological and Histopathological Investigation of
Sarcocystis spp. in Slaughtered Dromedary Camels (Camelus
dromedarius) in Egypt. Veterinary Sciences, 7, 162. https://doi.
org/10.3390/vetsci7040162

Gjerde B., Hilali M., & Abbas L. E. (2016). Molecular differentiation
of Sarcocystis buffalonis and Sarcocystis levinei in water buffa-
loes (Bubalus bubalis) from Sarcocystis hirsuta and Sarcocystis
cruzi in cattle (Bos taurus). Parasite Research, 115(6), 2459-
2471. https://doi.org/10.1007/s00436-016-4998-1

GOVS, 1986. General Organization for Veterinary Services, Law
(517).

Gupta A., de Araujo L. S., Hemphill A., Asis K, Benjamin M. R,
& Jitender P. D. (2024). Morphological and molecular charac-
terization of a Sarcocystis bovifelis-like sarcocyst in American
beef. Parasites Vectors, 17, 543. https://doi.org/10.1186/
513071-024-06628-4

Hajimohammadi B., Dehghani A., Moghadam Ahmadi M., Eslami G.,
Oryan A., & Khamesipour A. (2014). Prevalence and species
identification of Sarcocystis in raw hamburgers distributed in
Yazd, Iran using PCR-RFLP. Journal of Food Quality and Hazards
Control, 1, 15-20. http://jfghc.ssu.ac.ir/article-1-47-en.html

Hamidinejat H., Razi Jalali M. H., Gharibi D., & Molayan P. H.
(2015). Detection of Sarcocystis spp. in cattle (Bos taurus) and
water buffaloes (Bubalus bubalis) in Iran by PCR-RFLP. Journal
of Parasitic Diseases, 39, 658—662. https://doi.org/10.1007/
512639-014-0426-6

Hamidinejat H., Jalali M. H., & Nabavi L. (2010). Survey on
Sarcocystis infection in slaughtered cattle in South-West of Iran,
emphasized on evaluation of muscle squash in comparison with
digestion method. Journal of Animal and Veterinary Advances,
9, 1724-1726. https://doi.org/10.3923/javaa.2010.1724.1726

Hoeve-Bakker B. J., van der Giessen J. W., & Franssen F. J. (2019).
Molecular identification targeting coxl and 18S genes con-
firms the high prevalence of Sarcocystis spp. in cattle in the
Netherlands. International Journal for Parasitology, 49, 859—66.
https://doi.org/10.1016/j.ijpara.2019.05.008

Hooshyar H., Abbaszadeh Z., Sharafati-Chaleshtori R., & Arbabi M.
(2017). Molecular identification of Sarcocystis species in raw
hamburgers using PCR-RFLP method in Kashan, central
Iran. Journal of Parasitic Diseases, 41, 1001-1005. https://doi.
org/10.1007/s12639-017-0925-3

Hornok S., Mester A., Takacs N., Baska F, Majoros G., Fok E.,
Biksi I, Nemet Z., Hornyak A., Janosi S., & Farkas R. (2015).
Sarcocystis infection of cattle in Hungary. Parasites & Vectors, 8,
69-75. https://doi.org/10.1002/9781118649985.ch9

Hussein S. N, Ibrahim A. A., & Shukur M. S. (2023). Histopathology
and molecular identification of Sarcocystis species form-
ing macrocysts in slaughtered sheep and goats of Duhok,
Iraq. Veterinary Research Forum, 14, 415-422. https://doi.
org/10.30466/vrf.2023.559514.3575

Ibrahim M., El Sabagh H., Wahba R. A., & Abd El Rahman, E. S.
(2018). The Incidence of Sarcocystis in Slaughtered Food
Animals. Benha Veterinary Medicine Journal, 35, 106-122.
https://doi.org/10.21608/bvm;j.2018.38219

Imre K., Darabus G., Tirziu E., Morariu S., Imre M., Plutzer J.,
Boldea M. V and Morar A. (2019). Sarcocystis spp. in Romanian
slaughtered cattle: Molecular characterization and epidemiolog-
ical significance of the findings. Biomed Research International,
4123154. https://doi.org/10.1155/2019/4123154

Italiano C. M., Wong K. T., AbuBakar S., Lau Y. L., Ramli N,
Syed O. S., Kahar Bador M., & Tan C. T. (2014). Sarcocystis nes-
bitti causes acute, relapsing febrile myositis with a high attack
rate: Description of a large outbreak of muscular sarcocystosis
in Pangkor Island, Malaysia, 2012. PLoS Neglected Tropical
Diseases, 8, €2876. https://doi.org/10.1371/journal.pntd.0002876

Jehle C., Dinkel A., Sander A., Morent M., Romig T., Luc P. V,
De T. V., Thai V. V., & Mackenstedt U. (2009). Diagnosis of
Sarcocystis spp. In cattle (Bos Taurus) and water buffalo
(Bubalus bubalis) in northern Vietnam. Veterinary Parasitology,
166, 314—320. https://doi.org/10.1016/j.vetpar.2009.08.024

JyothiSree C., Venu R., Samatha V., Malakondaiah P, & Rayulu V.
C. (2017). Prevalence and microscopic studies of Sarcocystis
infection in naturally infected water buffaloes (Bubalus bubalis)
of Andhra Pradesh. Journal of Parasitic Diseases, 41, 476-482.
https://doi.org/10.1007/s12639-016-0832-z

Khairy N., Ayman M. A., Mounir M. B,, Ahmed F,, Bahaa S. M,,
Nermeen M. L., Ghada H.,, Maher Z. M., Salem M. M.,
& Abdelhaseib M. (2024). Advancing meat safety diverse
approaches for bovine tuberculosis detection and control in
abattoirs. Italian Journal of Food Science, 36, 240-254. https://
doi.org/10.15586/ijfs.v36i4.2660

Khalifa R. M., EI-Nadi N. A., Sayed F. G., & Omran E. K. (2008).
Comparative morphological studies on three Sarcocystis species
in Sohag, Egypt. J. Egypt. Soc. Parasitol. 38: 599-608.

Lawan F. A,, Ejeh E. F, Waziri A., Kwanashie C. N., Kadima K. B,
& Kazeem H. M. (2020). Prevalence of Tuberculosis in
Cattle Slaughtered at Maiduguri Central Abattoir, Nigeria.
Sahel Journal of Veterinary Sciences, 17, 14-21. https://doi.
org/10.54058/saheljvs.v17i3.167

Lindsay D. S., & Dubey J. P. (2020). Neosporosis, toxoplasmosis, and
sarcocystosis in ruminants: An update. Veterinary Clinics of
North America: Food Animal Practice, 36, 205-222. https://doi.
org/10.1016/j.cvfa.2019.11.004

Ministry of Egyptian Agriculture: Law 53 for 1966 and 207 for 1980.
https://api.worldanimalprotection.org/country/egypt

Moré G., Basso W., Bacigalupe D., Venturini M. C., & Venturini L.
(2008). Diagnosis of Sarcocystis cruzi, Neospora caninum and
Toxoplasma gondii infections in cattle. Parasitology Research,
102, 671-675. https://doi.org/10.1007/s00436-007-0810-6

Mounika K., Chennuru S., Ravipati V., Tumati S. R., & Krovvidi S.
(2018). Studies on prevalence and histomorphology of
Sarcocystis species infecting cattle in Andhra Pradesh, India.
Journal of Parasitic Diseases, 42, 77—-80. https://doi.org/10.1007/
§12639-017-0968-5

Mousa M. M., El Sokkary M. Y., Hamouda A., Walaa S., &
Hegazy M. A. (2021). The Prevalence of Sarcocystis Affecting
Slaughtered Cattle and Buffalo at SirsElian Abattoir in Egypt.
Alexandria Journal of Veterinary Science, 69, 49-58. https://
www.bibliomed.org/gotodoi.php?mno=125880&gdoi=10.5455/
ajvs.125880

372

ltalian Journal of Food Science, 2025, 37 (2)


https://doi.org/10.1155/2019/4123154�
https://doi.org/10.1371/journal.pntd.0002876�
https://doi.org/10.1016/j.vetpar.2009.08.024�
https://doi.org/10.1007/s12639-016-0832-z�
https://doi.org/10.15586/ijfs.v36i4.2660�
https://doi.org/10.15586/ijfs.v36i4.2660�
https://doi.org/10.54058/saheljvs.v17i3.167�
https://doi.org/10.54058/saheljvs.v17i3.167�
https://doi.org/10.1016/j.cvfa.2019.11.004�
https://doi.org/10.1016/j.cvfa.2019.11.004�
https://api.worldanimalprotection.org/country/egypt�
https://doi.org/10.1007/s00436-007-0810-6
https://doi.org/10.1007/s12639-017-0968-5�
https://doi.org/10.1007/s12639-017-0968-5�
https://www.bibliomed.org/gotodoi.php?mno=125880&gdoi=10.5455/ajvs.125880�
https://www.bibliomed.org/gotodoi.php?mno=125880&gdoi=10.5455/ajvs.125880�
https://www.bibliomed.org/gotodoi.php?mno=125880&gdoi=10.5455/ajvs.125880�
https://doi.org/10.3390/vetsci7040162�
https://doi.org/10.3390/vetsci7040162�
https://doi.org/10.1007/s00436-016-4998-1�
https://doi.org/10.1186/s13071-024-06628-4�
https://doi.org/10.1186/s13071-024-06628-4�
http://jfqhc.ssu.ac.ir/article-1-47-en.html�
https://doi.org/10.1007/s12639-014-0426-6�
https://doi.org/10.1007/s12639-014-0426-6�
https://doi.org/10.3923/javaa.2010.1724.1726�
https://doi.org/10.1016/j.ijpara.2019.05.008�
https://doi.org/10.1007/s12639-017-0925-3�
https://doi.org/10.1007/s12639-017-0925-3�
https://doi.org/10.1002/9781118649985.ch9�
https://doi.org/10.30466/vrf.2023.559514.3575�
https://doi.org/10.30466/vrf.2023.559514.3575�
https://doi.org/10.21608/bvmj.2018.38219�

Nahed H., Ghoneim W. M., & Nader M. S. (2014). Occurrence of
zoonotics sarcosporidiosis in slaughtered cattle and buffaloes in
different abattoirs in Egypt. Global Veterinaria, 13(5), 809-813.
https://doi.org/10.5829/idosi.gv.2014.13.05.86211

Nance J. P, Vannella K. M., Worth D., David C., Carter D., Noor S.,
Hubeau C,, Fitz L., Lane T. E., & Wynn T. A. (2012). Chitinase
dependent control of protozoan cyst burden in the brain.
PLoS Pathogens, 8, €1002990. https://doi.org/10.1371/journal.
ppat.1002990

Obijiaku, I. N., Ajogi, I, Umoh, J. U, Lawal, I. A., & Atu, B. O.
(2013). Sarcocystis infection in slaughtered cattle in Zango abat-
toir, Zaria, Nigeria. Veterinary World, 66, 346—349. https://doi.
org/10.5455/vetworld.2013.346-349

Oguz B., Deger M. S., & Kosal S. (2021). Molecular identification
using 18S ribosomal RNA of Sarcocystis spp. In bovine minced
meat in Van Province, Turkey. Ankara Universitesi Veteriner
Fakiiltesi Dergisi, 68, 97-105. https://doi.org/10.33988/
auvfd.671606

Ota T., Nakano Y., Mizuno T., Shiozaki A., Hori Y., Yamanishi K.,
Hayakawa K., Hayakawa T., Fujimoto T. Nakamoto C.,
Maejima K., Wada Y., Terasoma F., & Ohnishi T. (2019). First
case report of possible Sarcocystis truncata-induced food poi-
soning in venison. Internal Medicine, 58, 2727-2730. https://
doi.org/10.2169/internalmedicine

Portella L. P, Fernandes F. Rodrigues F. S., Minuzzi C. E,
Sangioni L. A., Flores M. M., & Vogel E. S. (2021). Macroscopic,
histological, and molecular aspects of Sarcocystis spp. infec-
tion in tissues of cattle and sheep. Revista Brasileira de
Parasitologia Veterinaria, 30, €003621. https://doi.org/10.1590/
5$1984-29612021050

Prakas P, Strazdaité-Zieliené Z., Januskevi¢ius V., Chiesa F,
Baranauskaité A., Rudaityté-Lukosiené E., Serviené E,
Petkevicius S., & Butkauskas D. (2020). Molecular identification

Meat sarcocystosis

of four Sarcocystis species in cattle from Lithuania, including
S. hominis, and development of a rapid molecular detection
method. Parasites & Vectors, 13, 1-9. https://doi.org/10.1186/
s13071-020-04473-9

Sarafraz N., Spotin A., Haniloo A., & Fazaeli, A. (2020). Prevalence
and molecular analysis of Sarcocystis infections in cattle in
Northwest Iran and the first global report of S. gigantea in cattle.
Microbiology and Infectious Diseases, 73, 101566. https://doi.
org/10.1016/j.cimid.2020.101566

Shahraki M. K., Ghanbarzehi A., & Dabirzadeh M. (2018).
Prevalence and histopathology of Sarcocystosis in slaughtered
carcasses in southeast Iran. Journal of Advanced Veterinary
and Animal Research, 5, 381-387. https://doi.org/10.5455/
javar.2018.e288

Shekarforoush S., Razavi S., & Abbasvali M. (2013). First detection
of Sarcocystis hirsuta from cattle in Iran. Iranian Journal of
Veterinary Research, 14, 155-157. https://doi.org/10.22099/ijvr.
2013.1591

Shosha E. A., Zanaty A. M., Darwesh M. M., & Fotouh A. (2024).
Molecular characterization and immunopathological investi-
gation of Avian reticuloendotheliosis virus in breeder flocks
in Egypt. Virology Journal, 21, 259. https://doi.org/10.1186/
$12985-024-02525-5

Thrusfield M., Christley R., & Brown H. (2017). Veterinary
Epidemiology (4th ed.). Wiley-Blackwell. Edinburgh, UK.

Yang Y., Dong H., Su, R., Wang Y., Wang R., Jiang Y., & Tong Z.
(2018). High prevalence of Sarcocystis spp. infections in cat-
tle Bostaurus from central China. Parasite International, 67(6),
800—804. https://doi.org/10.1016/j.parint.2018.08.006

Zeng H., Van Damme I, Kabi T. W., Barbara S., & Sarah G. (2021).
Sarcocystis species in bovine carcasses from a Belgian abattoir:
a cross-sectional study. Parasites & Vectors, 14, 271. https://doi.
org/10.1186/s13071-021-04788-1

Italian Journal of Food Science, 2025; 37 (2)

373


https://doi.org/10.1186/s13071-020-04473-9�
https://doi.org/10.1186/s13071-020-04473-9�
https://doi.org/10.1016/j.cimid.2020.101566�
https://doi.org/10.1016/j.cimid.2020.101566�
https://doi.org/10.5455/javar.2018.e288�
https://doi.org/10.5455/javar.2018.e288�
https://doi.org/10.22099/ijvr�
https://doi.org/10.1186/s12985-024-02525-5�
https://doi.org/10.1186/s12985-024-02525-5�
https://doi.org/10.1016/j.parint.2018.08.006�
https://doi.org/10.1186/s13071-021-04788-1�
https://doi.org/10.1186/s13071-021-04788-1�
https://doi.org/10.5829/idosi.gv.2014.13.05.86211�
https://doi.org/10.1371/journal.ppat.1002990�
https://doi.org/10.1371/journal.ppat.1002990�
https://doi.org/10.5455/vetworld.2013.346-349�
https://doi.org/10.5455/vetworld.2013.346-349�
https://doi.org/10.33988/auvfd.671606�
https://doi.org/10.33988/auvfd.671606�
https://doi.org/10.2169/internalmedicine�
https://doi.org/10.2169/internalmedicine�
https://doi.org/10.1590/S1984-29612021050�
https://doi.org/10.1590/S1984-29612021050�

	_GoBack

