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Introduction The species currently classified in 

the genus Sarcocystis are exclusive intracellular tissue 
parasites. The sexual reproduction by which meiosis 
occurs and the polyploid ookinetes transform into 
sporocysts occurs in the enterocyte of carnivores. The 
carnivore host becomes infected by ingesting tissues 
of herbivores with encysted stage (1-5). Carnivores 
are primarily definitive hosts, while numerous 
herbivores and omnivores are interim hosts. Human 
intestines do not consistently make a suitable host for 
sexual reproduction, but three species are suspected 
to be Sarcocystis spp. with the ability to complete 
their life cycle with humans: Sarcocystis hominis, 
Sarcocystis suihominis, and Sarcocystis hirsuta. 
Sarcocystosis has been reported worldwide, and 
arbitrary symptoms are rare; however, epizootics and 
fatalities have been described in herbivorous and 
omnivorous animals (6-10).  
Sarcocystis species and possible serotypes have been 
described as parasites of reptiles, birds, and 
mammals. Sarcocystis species are not life-threatening 
parasites of carnivores since the terminal host is 

generally unaware of the enteric irritation associated 
with the presence of the organism. The greatest such 
infection is of slaughtered animals with poorly 
developed sarcocysts; their meat is often condemned 
since these cysts can be large enough for detection by 
gross searching techniques. These parasites tend to 
be specific for hosts; however, their complete 
phenotypic plasticity has also resulted in their use as 
physical or molecular data sources (11-15). 
The infection in humans can be caused via consuming 
contaminated meat. It is known that the circulation of 
the heteroxenous forms of the parasite is 
geographically, ecologically, and epidemiologically 
specific, being associated with the risk of human 
infection (13). The presence of more than one type of 
intermediate host and/or the presence of more than 
one definitive host species can favor the increase in 
the genetic variability of these protozoa. The 
parasitism of Sarcocystis spp. occurs, both in neurons 
and in the central nervous system myocytes (14). 
This study was aimed at determining the prevalence 
of Sarcocystis in camels using microscopic methods 
and histopathological methods. 
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Materials and methods 
Ethical approval 
The study was done according to the approval 
recorded under the number (1890) in 28/8/2023 
issued by the College of Veterinary Medicine, 
University of Al-Qadisiyah, Iraq 
Samples 
The study included 200 camels (Camelus 
dromedarius) that were slaughtered in the abattoir of 
Al-Diwaniyah province, Iraq, between September 
2022 and the end of April 2023. The camels ranged in 
age from less than 4 years to more than 4 years, with 
both male and female specimens included in the 
study. 
Each camel provided 250 grams of tissues that were 
dissected from the esophagus, tongue, skeletal 
muscle and heart. Samples were divided into two 
portions: one part was fixed in 10 per cent neutral 
buffered formalin (NBF) for histopathology, and the 
other was transferred into plastic containers and was 
kept frozen. Specimens for histopathology were taken 
to the Department of Parasitology Department, 
College of Veterinary Medicine, University of Al-
Qadisiyah, Al-Diwaniyah City, Iraq. 
Histological Examination 
Fixation: Tissue specimens were preserved in 10% 
formalin for 48 hours. Dehydration: The samples were 
sequentially immersed in ethanol solutions of 70 per 
cent, 80 per cent, 90 per cent and two times of 100 
per cent ethanol, all for two hours. Depolymerization: 
The tissues were immersed in xylene for 30 min twice 
to ensure thorough depolymerization. Infiltration and 
Embedding: Tissues are embedded in paraffin (58°C) 
to allow the wax to solidify within the tissue matrix. 
Once solidified, samples are placed in the refrigerator 
for 24 h to allow the solidification of the paraffin. 
Sectioning: Tissue specimens embedded in paraffin 
were sectioned using a microtome with a width of 5-
7 µm. The sections were dipped in a bath at 35-37°C 
and then mounted onto the slides.  Staining: The 
tissue sections were visualized by the use of 
generalized tissue character staining with 
hematoxylin and eosin (H and E) and specific 
component of the tissue which was visualized by PAS 
staining. Microscopy: Sections were examined at x4, 
x10, x20, x40 and x100 magnifications under an 
Olympus light microscopy. 
Results 
Macroscopic and microscopic examinations 

Macroscopic examination showed that none of the 
200 samples of meat obtained from slaughtered 
camels were positive, whereas the application of acid 
pepsin digestion coupled with further microscopic 
analysis revealed an obvious upward trend in the 
prevalence of Sarcocystis spp. 
Histopathological findings 
Esophagus 
The histopathological images show sections of the 
esophagus obtained from infected camels with 
Sarcocystis, a parasitic organism. Two sections stained 
with Hematoxylin and Eosin (H&E) are shown to be 
infected with Sarcocystis. At lower magnification 
(X200), the muscularis layer appears to contain 
multiple elongated and oval cysts some parts have an 
opaque appearance disrupting the normal 
architecture and common orientation of the muscle 
fibers. At the higher magnification (X400), internal 
structure of these cyst are more prominent septations 
can be seen accompanied by bradyzoites which 
confirms the parasitic infection. The lining layer called 
epithelial layer is intact the lining of the muscle fiber 
layer appear to be fibrosis accessible and reactive 
changes are evident upon intense scrutiny likely due 
to chronic inflammation due to the parasite. This 
extensive parasitic involvement is suggestive of 
chronic infection. It is conceivable that the normal 
function of esophageal muscles is affected (Figure 1). 
Tongue 
The histopathological images demonstrate sections of 
the tongue from camels infected with Sarcocystis 
species as expressed by Hematoxylin and Eosin (H&E) 
dye. Image A at low magnification (X200) displays the 
muscularis layer (MM) of the tongue’s underlining 
from the stratified squamous epithelium which 
appeared intact and presenting with prominent 
papillary projections. The muscularis layer is 
extensively infiltrated with Sarcocystis cysts notably 
disrupting the normal architecture of the muscle 
fibers. By Objective Field of View: Image B shows the 
muscularis layer of the camel tongue section at a high 
magnification view (X400). It gave a more-in-depth 
detailed view of the abundant Sarcocystis cysts (S) in 
the muscle tissue. The cysts are well-defined with 
apparent internal septation and its contained 
parasitic worm that referred to bradyzoites. The 
plentiful Sarcocystis cysts indicate a fecund parasitic 
burden that possibly compromises the normal 
function of the tongue muscles in the camels affect 
their feeding and health status (Figure 2). 
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Figure 1: Histopathology of camel’s esophagus 
stained with Hematoxylin and Eosin (H&E) (A) Low 
magnification (X200), the muscularis layer (MM) 
showing several oval-shaped Sarcocystis cysts 
interrupting normal muscle structure at low 
magnification (X200). Stratified squamous epithelium 
(E) on the overlying membrane appears normal. (B) 
Superimposed Sarcocystis cysts at high magnification 
(X400): internal septations and bradyzoites (S) in the 
muscularis layer are clear (high parasitic load). 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2: Histopathological Images of the Tongue in 
Camels Infected with Sarcocystis Stained with 
Hematoxylin and Eosin (H&E) Image A. Low 
Magnification (X200). The stratified squamous 
epithelium overlying the muscularis of tongue is intact 
with some papillary projections, Muscularis (MM): 
inner multilayered layer of tongue. Image B. High 
Magnification (X400). Sarcocystis cysts are clearly 
demarcated by septae and bradyzoites. 
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Discussion 
In camels particularly, infection by Sarcocystis spp is 
mainly causing high economic and health burden. In 
this study performed in Al Diwaniyah province, 70% of 
the camels were infected as detected by histological 
method (16). High percentage of parasitic burden 
within camels agrees well with previous reports from 
other regions but diagnostic techniques and 
geographical location could affect the prevalence 
(17). Furthermore, Metwally et al (18) recorded 17.8 
% sarcocystis prevalence in camels from Upper Egypt.  
Camels in these regions show varying degrees of 
Sarcocystis infections, with studies reporting 
prevalences from 47 per cent up to 100 per cent The 
variability is further illustrated by research from Saudi 
Arabia (26), Egypt (18) and Iran (19). These studies, 
using similar methodologies based on both histology 
and molecular detection, reported a 65 per cent 
prevalence, a 75 per cent prevalence, and a 77 per 
cent prevalence, respectively. These numbers 
accentuate one of the benefits of modern molecular 
techniques over increased sensitivity. 
Identifying Sarcocystis cysts in tissue samples also 
relies on histological methods (specifically, those that 
can be made out via microscope). However, histology 
might fail to detect ongoing infections, particularly 
when they’re at early stages, and these methods also 
fail to differentiate between the various species of 
Sarcocystis. Histology is based on staining techniques. 
For example, histopathology generally involves the 
use of haematoxylin and eosin (H+E) and other stains 
to observe cysts under a microscope (20). However, 
histological methods aren’t as sensitive as molecular 
techniques, meaning, among other things, that they 
fail to detect low-level infections that might not be 
visible to the naked eye. The molecular technique PCR 
and sequencing has been shown to be more sensitive 
for identifying infections. Recent molecular reports 
have increased our knowledge on animal species 
affected by Sarcocystis – and, as a result, also on the 
epidemiology of sarcocystosis – but molecular 
techniques have also sometimes yielded controversial 
results. For example, PCR has demonstrated the 
existence of a new Sarcocystis species called 
Sarcocystis suihominis, which is common in pigs but 
can infect humans. However, this species remains 
undetectable by diagnostic techniques (21). 
Conclusion 
Histopathological examination of the esophagus and 
tongue samples reveal tissue lysis and the formation 

of cysts that clearly indicated a chronic infection. The 
widespread presence of Sarcocystis in camels in Al-
Diwaniyah Province was confirmed, highlighting that 
any zoonotic potential of the parasite in this area 
cannot be ignored. 
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