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Abstract 
Background: We aimed to evaluate Sarcocystis contamination in conventional and industrial 
raw beef burger samples from butcheries and retail stores in Hamadan, western Iran. 
Methods: Overall, 80 samples including 30 conventional and 50 industrial hamburgers 
were randomly obtained from different butcheries and supermarkets. All specimens were 
studied by digestion method following microscopic examination. Samples` genomic ribo-
somal DNA were amplified and nucleotide sequences were analyzed by BLAST for com-
parison with the sequences in the gene bank of the NCBI. 
Results: Sarcocystis bradyzoites were detected in 46 of 80 (57.6%) samples. Positive speci-
mens were included as 46 (57.6%) and 30 (37.5%) by digestion and molecular method, re-
spectively. Differences between two studied (digestion and molecular) methods was statisti-
cally significant (P=0.00). Twenty-six (86.5 %) of 30 conventional beef burgers and 20 
(40%) of 50 industrial burgers were positive for Sarcocystis sp. by digestion method. There 
was a significant difference between Sarcocystis infested conventional and industrial beef 
burgers (P=0.01). 
Conclusion: The parasitic contamination of beef burgers implied a high level of infection 
in cattle. Felids as the definitive hosts for S. bovifelis urged on the improvement of the hy-
gienic conditions of keeping and feeding livestock in order to reduce the infection. Molecu-
lar techniques confirm species in meat products with high sensitivity and distinguish it from 
human species. 
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Introduction 
 

arcocystis is an intracellular apicomplexan 
protozoan parasite with a worldwide 
distribution. Carnivorous as well as 

human are considered as definitive and her-

bivorous including cattle, sheep, goat, poultry 
and pig as intermediate hosts (1). Ingestion of 
cyst-containing tissues via raw or poorly 
cooked meat or meat products by the defini-
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tive hosts leads to sexual reproduction of the 
Sarcocystis in the digestive tract, followed by the 
discharge of sporocysts in the feces (2, 3). The 
parasitic protozoan causes symptoms such as 
anorexia, mild fever, vomiting, diarrhea and 
respiratory problems in human (4). 

Most of the Sarcocystis species are host-
specific. S. hominis, S. heydorni and S. suihominis 
are found to use humans as definitive hosts. 
Sarcocystosis infection illustrated high inci-
dence among bovine carcasses, whose preva-
lence can nearly reach 100% in various parts 
of the world (5-7). Cattle (Bos tarus) act as in-
termediate hosts for S. cruzi, S. hirsuta and S. 
bovifelis (8). Sarcocystis-infected meat causes 
economic losses due to the unpleasant appear-
ance of meat, which annually enforces huge 
damages on the livestock industry (9).  

Human infection can be related to eating 
raw or under-cooked meat containing encysted 
parasites (10). Processed meat products such as 
hamburgers, are one of the most popular meat 
products in different countries of the world, for 
example, about 5 billion burgers are consumed 
in the United States per year (11).  

Although there is no accurate information 
about the per capita meat products in Iran, it 
is worth noting that the annual consumption 
of hamburgers in this country is remarkable. 
Unlike the conventional burgers which are 
made just by meat, industrial beef burgers are 
not mainly made from beef, their mostly in-
gredients are a mixture of minced meat, on-
ions, garlic, flour, soybeans and other food 
additives (12). In recent years, high sensitive 
molecular methods have identified parasites 
even in small and insignificant parasitic loads 
(13). Digestive methods are the most used 
techniques in detection of Sarcocystis bradyzo-
ites in meat or its products while molecular 
diagnostic methods used in few studies to de-
tect Sarcocystis species (14).  

Investigations on Sarcocystis in meat prod-
ucts reported a frequency of 56% and 80% of 
hamburgers in Iran (15, 16). Therefore, due to 
the increasing demand for fast foods, especial-

ly burgers, and the high frequency of sarcocys-
tosis in slaughtered cattle, it can be regarded as 
a potential foodborne problem.  

Therefore, we aimed to identify the Sarco-
cystis bradyzoites in beef burgers obtained 
from butcheries and supermarkets in the city 
of Hamadan, western Iran.  

 
Materials and Methods 
 
Sampling 

This cross-sectional study was conducted 
during February 2020 to February 2021 in 
Hamadan, west of Iran. A total of 80 ham-
burgers were purchased from different butch-
er shops and grocery stores in simple random 
sampling. The samples (n: 30) which were tra-
ditionally made by the butcheries consisted of 
100% beef while the meat content of the oth-
er ones (n:50) was 60 to 90% according to the 
industrial trademark.  

 
Ethical approval 

The research was performed in terms of 
the principles and ethical considerations of 
working with laboratory animals as confirmed 
by the ethics committee of Hamadan Univer-
sity of Medical Sciences (Ethics committee 
code: IR.UMSHA.REC.1397.304). 

 
Microscopic examination and peptic di-
gestion 

All specimens were firstly analyzed via diges-
tion method. Briefly, 20 grams of each ham-
burger was grinded thoroughly and then treated 
by a 50 ml digestion solution including 1.3 g of 
pepsin, 2.5 g of NaCl and 3.5 mL of concentrat-
ed HCl in 500 mL of sterile distilled water. The 
mixture was incubated at 40 oC for 2 h and then 
centrifuged at 1500 rpm for 15 min. The super-
natant was discarded and the precipitate washed 
three times and examined under microscopy for 
Sarcocystis bradyzoites (17).  
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DNA extraction and PCR amplification 
Genomic DNA of the parasite was extract-

ed using the tissue extraction kit (DNG-plus, 
SINACOLON, Iran) according to the manu-
facturer`s instruction. The extracted DNA was 

stored at -20 ᴼC until PCR examination. The 
ratio of absorbance was assessed at 260-280 
nm for evaluation of the purity of DNA.  

PCR was performed to detect Sarcocystis 
DNA fragments. Fragments of 900 bp from 
18s ribosomal DNA genes were amplified us-
ing forward (SarF: GGATAACCTGG-
TAATTCTATG) and reverse (SarR: 
GGCAAATGCTTTCGCAGTAG) primer 
(18). The amplification began with an initial 
denaturation at 94 °C for 3 min followed by 30s 
annealing at 57 oC and extension at 72 oC for 3 
min. Sarcocystis-positive samples isolated from 
cattle striated muscle were used as positive 
controls while blank reagents (dd H2O) were 
manipulated as negative controls.     

PCR products were resolved through 1.5% 
agarose gel and imaged in a blue light transil-
luminator. Amplicons were purified and ana-
lyzed by the Bioner Company of South Korea. 
The nucleotide sequence homology of ran-
domly selected four samples was compared 

with the sequences in the gene bank of the 
NCBI database by BLAST (Basic Local 
Alignment Search Tool). 

 
Statistical analysis 

All statistical analysis was performed using 
SPSS V.16 (Chicago, IL, USA). Variables were 
analyzed by Mann-Whitney and Kruskal-
Wallis tests. All data were expressed as mean 
± standard deviation (SD). The statistical level 
of significance was set at P < 0.05.  
 

Results 
 

Sarcocystis bradyzoites were detected in 46 
of 80 (57.6%) samples. Among a total of 80 
hamburgers, including two different groups, 
46 (57.6%) and 30 (37.5%) were identified 
positive by digestion and molecular method, 
respectively (Table 1). 
The PCR products were identified by size using 
a 100 bp ladder. The expected PCR product had 
a length of 900 bp (Fig. 1). The homology of 
randomly selected four purified amplicons were 
determined in Blast software and the S. bovifelis 
was identified with homology > 95%.   

 

 
 

Fig. 1: PCR amplification of eucoccidial DNA fragments in samples. 
Lane 1: 100bp marker, 2: Positive control (positive samples isolated from cattle striated muscle), 3: Negative control (dd 
H2O), 4: industrial burger sample, 5: traditional burger sample, 6: industrial burger sample, 7: traditional burger sample, 

8: industrial burger sample 

http://ijpa.tums.ac.ir/


Jafari et al.: Sarcocystis bovifelis in Raw Hamburgers … 

 

 
. 

 

Available at: http://ijpa.tums.ac.ir   39 

Table 1: Prevalence of Sarcocystis in two types of beef burgers. Using microscopic and molecular methods 
 

Sample  Microscopic method (%) Molecular method (%) Total 
Positive (%) Negative 

(%) 
Positive (%) Negative 

(%) 

Conventional made beef 
burgers  

26 (86.6) 4 (13.3) 19 (63.3) 11 (36.6) 30 

 Industrial made beef burg-
ers  

20 (40) 30 (60) 11 (22) 39 (78) 50 

Total (%) 46 (57.5) 34 (42.5) 30 (37.5) 50 (62.5) 80 

 

Discussion 
 

The results confirm that the overall 56.25% 
of conventional beef burgers and 38.75% in-
dustrial beef burgers were infected by Sarcocyst-
is. Microscopic digestion method indicated 
57.5% of Sarcocystis bradyzoites while molecu-
lar technique showed parasites` DNA in 30% 
of burger specimens. There was a significant 
difference between Sarcocystis infested conven-
tional and industrial beef burgers (P=0.01). 

Macroscopic investigation of Sarcocystis was 
not possible due to the process of hamburger 
preparation as a meat product; nevertheless, 
studies reported the Sarcocystis contamination 
of beef between zero to 0.4% in beef and 
meat products (14, 18, 19). Macrocysts may be 
ignored in visual inspection so, other accurate 
methods such as microscopic or molecular 
techniques are much more reliable in confir-
mation of infestation (19). On the other hand, 
according to the previous reports (5, 6), nearly 
100% of beef was contaminated by Sarcocystis 
spp. so, it is highly expected to recognize the 
bradyzoites in the meat products including 
hamburgers.  

Several studies have evaluated the Sarcocystis 
frequency in the meat products in Iran which 
have provided disputable points. For example, 
in accordance with the present job, the total 
infection of meat products with Sarcocystis was 
80% and the highest contamination was de-
termined for the hamburger samples (15). Be-
sides, 87.5% of hamburgers, 83.3% of sausag-
es and 66% of cocktail sausages in Hamadan 
were infected by Sarcocystis sp. by digestion 
method (15). Digestion method was the only 

used method in Dehkordi et al. project, so, 
more positive results were obtained compared 
to the present study. Nematollahia et al, also 
reported the prevalence of Sarcocystis 56.25%, 
using digestion method in hamburgers pre-
pared in traditional and industrial procedures 
in Tabriz. There was no statistically significant 
difference between the two groups, in this re-
gard the molecular method was not employed 
on detection of parasites (20). 

In this study, the difference between the 
two types of beef burgers was statistically sig-
nificant and the frequency of this parasite was 
higher in conventional beef burgers (87%) in 
comparison to industrial ones (56.6%). This 
difference may be due to the fact that the tra-
ditional burgers were made with a mixture of 
100% fresh meat without any additives, while 
industrial burgers contain other vegetal ingre-
dients beside meat. Furthermore, industrial 
meat products proceed a cooking process for 
producing safer output.  

Haj Mohammadi et al. indicated the Sarco-
cystis infection rate 77.9 %, in the study of 190 
industrial and traditional hamburgers in Yazd. 
Accordingly, PCR-RFLP technique detected 
the small traces of Sarcocystis DNA, so the rate 
of positive results compared to studies using 
peptide digestion or impression smears was 
higher (21). Faghiri et al described the parasite 
contamination of traditional hamburgers 
87.9%, which is significantly higher than in-
dustrial hamburgers 67.8% (18).  

In contrast to the current study, others 
found no statistical difference between the 
infection rate of the industrial and traditional 
hamburgers (20, 22). It may have contributed 
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to the method because in two studies peptic 
digestion was the only used method. Sarcocystis 
infection of meat and meat products were not 
associated with geographical area nevertheless, 
the applied method was the crucial element 
for investigation of Sarcocystis (21).  

According to the sequencing results, S. 
bovifelis was identified in the hamburger sam-
ples. Cattle (Bos taurus) are as intermediate host 
for six Sarcocystis spp. which felids, canids and 
humans are respectively definitive hosts for S. 
cruzi, S. hirsuta and S. hominis and the three lat-
ter ones S. bovihominis and S. bovini with felids 
and S.heydorni with primates as definitive hosts 
(8, 23).  

Sarcocystosis is very important in cattle be-
cause it can cause irreparable economic dam-
age to the meat and meat products industry (7, 
24). Sarcocystis species are distinguished based 
on the characteristics of the cyst wall by elec-
tron microscopy as well as molecular methods 
(25, 26). The histological examination of cattle 
tissue can easily differentiate thick-walled S. 
hominis (27, 28). In the case of processed meat 
products, including hamburgers, the histologi-
cal detection of thick-walled cysts is not pos-
sible. S. hirsuta (S. bovifelis) could not be con-
firmed even by electron microscopy nor by 
RAPD-PCR (29). Due to the high prevalence 
of Sarcocystis in cattle, DNA-based procedures 
play a crucial role in identification of species 
and their contribution in meat industry. On 
the other hand, species identification can de-
termine the sources of livestock infection by 
leading to the final host (30).  

Hooshyar et al showed a 29% contamina-
tion among 200 studied hamburgers in 
Kashan, by PCR-RFLP technique. They con-
firmed that 74% of the samples were infected 
by S. cruzi, which canids act as definitive host,  
20% by both S. cruzi and S. hirsuta (felids as 
final hosts) and 3.5%  revealed both infection 
of S. cruzi and S. homminis (human as final 
hosts) (14). In Italy, S. cruzi and S. bovifelis were 
the most isolated species of cattle in the 
slaughterhouses (23). S. hominis, unlike previ-
ous studies (14, 21), was isolated from only 

1.7% of the samples. Prior studies had not 
considered the prevalence of S. bovifelis and 
this may indicate that the higher prevalence of 
S. hominis has been due to the inability of 
techniques to separate the two species (23). In 
the present study, although molecular meth-
ods were determined as a powerful tool for 
confirmation of meat infection due to the high 
sensitivity rather than the digestive ones, they 
may not be merited for food safety detection 
because of showing the dead particles of in-
fectious agents. On the other hand DNA ex-
traction was challenging, due to disruption of 
the parasite structure in processed food.  

 

Conclusion 
 

More than half (57 %) of beef burgers were 
infected by Sarcocystis. S. bovifelis was identified 
as the main isolated species. Although the 
predominant species of the parasite in this 
study was S. bovifelis, isolation and species 
identification are suggested to confirm the real 
contamination with the zoonotic S. hominis. 
Livestock should be maintained at hygienic 
condition, away from felids, in order to avoid 
S. bovifelis infection.  
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