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Abstract
 Staphylococcus aureus (S. aureus) is a pathogen in community-acquired or hospital infections. 
Hence, the identification of this pathogen in clinical samples is a health concern and demands continued 
surveillance and close monitoring. In the current study, S. aureus strains were isolated from various clinical 
specimens in the Shariati Hospital, Tehran, Iran.  Samples were studied to discover S. aureus enterotoxin-
coding genes A (sea), B (seb), C (sec), and D (sed). It was found that 21% enterotoxigenic S. aureus 
harbored sea gene, 39% were carried seb gene, 37% were positive for sec-gene, and 3% were carried sed 
gene. None of all S. aureus strains harbored more than one of the enterotoxigenic genes. Based on the data 
obtained from the current study, it could be suggested that seb and sec genes are good candidates for the 
identification of S. aureus in clinical specimens. Further investigations are required to discover the asso-
ciation between these genes and the pathogenicity of this bacteria, and finally using these data in clinical 
settings.
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1. Introduction
 Staphylococcus aureus is a normal flora 
found on human skin, anterior nose, and respir-
atory tract mucosal surfaces (1, 2). This bacteria 
also could be a significant pathogen in both com-
munity-acquired and hospital infections (3, 4).  
S. aureus could cause a wide range of infections 
such as bacteremia, endocarditis, and osteomyeli-

tis (5, 6). 
 Enterotoxins are proteins produced by 
S. aureus and Bacillus cereus. Enterotoxins from 
S. aureus can cause staphylococcal food poison-
ing (SFP). The genes of sea, seb, sec, sed, are 
recognized as important staphylococcal entero-
toxin-coding genes (7, 8). It has been found that 
enterotoxins cause around 95% of SFP outbreaks 
infections. The remaining 5% of contaminations 
may be related to newly recognized SEs (9). Ses as 
etiological agents an increasing the severity of S. 
aureus contaminations have not been established. 
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Enterotoxins of S. aureus isolated from human dif-
ferent clinical samples have been formerly iden-
tified via various techniques (8, 10, 11). Staphy-
lococcal enterotoxins can be usually identified by 
immunoassay, e.g., immune diffusion, enzyme-
linked immune sorbent assay (ELISA), radioim-
mune-assay and latex agglutination. However, 
the availability of these procedures is commonly 
limited due to economic issues (12-14). Therefore, 
the DNA-based approach, like polymerase chain 
reaction (PCR), is presently used as a simple and 
robust method for identifying enterotoxigenic 
strains. The current study aimed to recognize S. 
aureus strains (encoding Nuc gene) and identify 
enterotoxin-coding genes (sea, seb, sec, and sed) 
in samples collected from hospitalized patients.

2. Material and method
2.1. Sampling 
 A total of 100 isolates of S. aureus from 
168 patients suspected of infection were ob-
tained from various human clinical specimens 
in the Shariati hospitals of Tehran, Iran. These 
samples were urine (n=30), wounds (n=35), spu-
tum (n=10), blood (n=5), CSF (n=3) and pus from 
the burn wound (n=17), between June 2014 and 
July of 2015. In order to isolate S. aureus strains, 
samples were cultured on 5% sheep blood agar 
(Merck, Germany), nutrient agar (Merck, Germa-
ny) and then, on mannitol salt agar (Merck, Ger-
many). Gram staining and culture features (colony 
morphology, pigmentation, and hemolysis) were 
used for the diagnosis of all isolates. The API-20-
Staph system kit (bio Merieux SA, Marcy1, Etoile, 

France) and PCR amplification with Nuc gene 
were used for the final confirmation of all strains.

2.2. DNA extraction and Staphylococcus confir-
mation
 A typical colony of the biochemically rec-
ognized as S. aureus was cultured in 1 mL tryp-
ticase soy broth (TSB) for 24 h at 37 °C. A total 
genomic DNA of S. aureus isolates was extracted 
through a QIAGEN plasmid Minikit (Fermentas, 
Germany).

2.3. PCR-amplification
 The multiplex polymerase chain reaction 
(PCR) were performed in a total volume of 25 μL, 
including 2 mM of MgCl2, 50 mM of KCl, 10 
mM of Tris-HCl (pH 9.0), 0.1% of Triton X-100, 
150 μM of dNTPs (Fermentas, Germany), 2.5 μL 
of PCR buffer  (10X), 25 pmol of each primers  
(Table 1), 2 U of Taq DNA polymerase (Fermen-
tas, Germany), and 2 μL of the extracted DNA 
template of the Staphylococcus isolates. The four 
set of primer pairs were used in each reaction mix-
ture. The thermal cycler was adjusted as follows: 
initial denaturation for 5 min at 94 °C, followed 
by 30 cycles of denaturation (94 °C for 1 min), 
annealing (56 °C for 1 min), and elongation (72 
°C for 1 min). A final step (72 °C for 10 min) was 
performed after the completion of the above cy-
cles. The amplified PCR products were visualized 
by standard gel electrophoresis in a 1.5% agarose 
gel stained by ethidium bromide (5 μg/mL) for 30 
min. The gels were photographed under ultraviolet 
light using the Gel-Doc.

Table 1. The designed primers used for the detection of enterotoxin-coding genes in S. aureus.
Genes Primer name Primer sequence (5'-3') Size of PCR-products

sea SEA-F GCAGGGAACAGCTTTAGGC 521bp
SEA-R GTTCTGTAGAAGTATGAAACACG

seb SEB-F ACATGTAATTTTGATATTCGCACTG 667 bp
SEB-R TGCAGGCATCATGTCATACCA

sec SEC-F CTCAAGAACTAGACATAAAAGCTAGG 271 bp
SEC-R TTATATCAAAATCGGATTAACATTATC

sed SED-F CCAATAATAGGAGAAAATAAAAG 378bp
SED-R ATTGGTATTTTTTTTCGTTC

Nuc Nuc-F GCGATTGATGGTGATACGGTT 270 bp
Nuc-R AGCCAAGCCTTGAACGAACTAAAGC
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3. Results 
 In the current study, 168 patients par-
ticipated in sampling that comprised 107 males 
(63.7%) and 61 females (36.3%), 14 to 75 years 
old (mean age: 43.5±4.2) (Figure 1). one hun-
dred isolates of S. aureus were obtained. S. aureus 
was isolated mostly from male patients (62.6%, 
67/107) (Figure 1). In females, 23 patients were 
S. aureus positive (37.4%; 23/61) (Figure 1). Mul-

tiplex PCR reaction with specific primers for sea, 
seb, sec and sed genes were performed. A 521 bp, 
667 bp, 271 bp, and 378 bp segments were related 
to the amplification of a specific fragment of sea, 
seb, sec and sed genes respectively (Figure 2).
 There were 21% isolates associated with 
the sea gene, 48% isolates associated with the seb 
gene, 37% of the isolates were associated with the 
sec gene, and 3% of the isolates associated with 

Figure 1. Percentage of male and females participated in the current (A) study and the percentage of S. 
aureus positive patients in male and females (B).
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Figure 2. Gel electrophoresis of PCR products in the study (M: DNA marker 100 bp DNA plus (Fermentas, 
Co, USA), C+: Positive control; Staphylococcus aureus subsp. aureus ATCC 29213, C-: Negative control; 
Staphylococcus epidermidis ATCC 14990).
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the sed gene (Figure 3). None of the isolated S. 
aureus strains harbored more than one enterotoxi-
genic gene. 
 
4. Discussion
 In the current investigation, we have ap-
plied a multiplex PCR-based diagnostic protocol 
to the identification of four enterotoxin-coding 
genes sea, seb, sec, and sed from S. aureus in hos-
pitalized patients. The most common enterotoxi-
genic gene in S. aureus strains in our study was 
seb. This finding is consistent with previous find-
ings that indicated most enterotoxigenic S. aureus 
strains typically carried seb gene (15-17). How-
ever, our results were not in line with some pre-
vious reports indicating that most enterotoxigenic 
S. aureus strains generally carried sea, sec or sed 
genes (18, 19). In the current investigation, the fre-
quency of enterotoxigenic S. aureus contains seb 
in the clinical samples was 39% (Figure 3). On 
the other hand, we found that no enterotoxigenic 
isolates carried more than one gene. This result is 
different from other studies which indicated that 
some enterotoxigenic strains had more than one 
gene. Naffa et al. (2006) reported the prevalence 
of sea and sec among 100 Jordanian clinical S. au-
reus was 15 and 4%, respectively (20). Mehrabi et 
al. (2015) were reported sea (30%), seb (11.11%), 
sec (15.55%) and sed (4.44%) in (21). Mehrotra 
et al. (2000) reported out of 107 S. aureus strains, 

21 (19.6%) were positive for sea, 6 (5.6%) were 
found to be seb positive, 8 (7.5%) were positive 
for sec, and 2 (1.9%) contained the gene for sed 
(22). Goto et al. (2007)  reported 11 (36.67%) of 
these 30 strains were positive for the sea gene, 
13 (43.33%) for seb, 8 (26.67%) for sec, and 7 
(23.33%) for sed (8). Demir et al. (2011) among 
of 120 S. aureus strains the classical enterotoxin 
genes sea gene (n: 36, 30%) was the most wide-
spread, followed by sec (n: 9, 7.5%), and sed (n: 6, 
5%) (23). Taj et al. (2015) reported the enterotoxin 
genes sec (n=16) (13.91%), seb (n=13, 11.30%), 
and sea (n=12, 10.43%) (24). The incidence of 
enterotoxigenic S. aureus from different clinical 
specimens in previous studies is in a wide range 
from 17.8% to 86.6% (16, 19, 20, 25-30). This 
different prevalence might be due to variances in 
the ecological source of isolates, the sensitivity of 
diagnosis procedures, and the type and number of 
specimens.
 Based on the data obtained from the cur-
rent study, it could be concluded that the detec-
tion of enterotoxigenic genes in S. aureus strains 
by PCR suggests a specific, sensitive, relatively 
quick, and cheap alternative to other assays. How-
ever, the prevalence of S. aureus enterotoxin-en-
coding genes could be varied in each region or 
hospital. More investigations in this field could 
delineate an association between these genes and 
the pathogenicity of S. aureus bacteria, and finally 

Figure 3. The distribution of genes detected from S. aureus. The S. aureus culture medium image was obtained  
from: http://www.bacteriainphotos.com/Staphylococcus_aureus_on_Schaedler_anaerobe_agar.html

 

21.00% ; sea

39.00% ; seb

37.00%; sec

3.00%; sed

188



Trends in Pharmaceutical Sciences 2019: 5(4): 185-190.

S.aureus in clinical samples

using these data in clinical settings.

Acknowledgments
 The authors greatly acknowledge the tech-
nical facility providing from Shariati hospital of 

Tehran and Iran University of Medical Sciences.

Conflict of Interest
 None declared.

.................................................................................................................................
5. References
1. Wertheim HF, Melles DC, Vos MC, van 
Leeuwen W, van Belkum A, Verbrugh HA, Nou-
wen JL. The role of nasal carriage in Staphylo-
coccus aureus infections. Lancet Infect Dis. 2005 
Dec;5(12):751-62. 
2. Booth MC, Pence LM, Mahasreshti P, 
Callegan MC, Gilmore MS. Clonal associations 
among Staphylococcus aureus isolates from 
various sites of infection. Infect Immun. 2001 
Jan;69(1):345-52. 
3. Emori TG, Gaynes RP. An overview of 
nosocomial infections, including the role of the 
microbiology laboratory. Clin Microbiol Rev. 1993 
Oct;6(4):428-42. 
4. Steinberg JP, Clark CC, Hackman BO. 
Nosocomial and community-acquired Staphy-
lococcus aureus bacteremias from 1980 to 1993: 
impact of intravascular devices and methicillin re-
sistance. Clin Infect Dis. 1996 Aug;23(2):255-9. 
5. Marty FM, Yeh WW, Wennersten CB, 
Venkataraman L, Albano E, Alyea EP, Gold HS, 
Baden LR, Pillai SK. Emergence of a clinical dap-
tomycin-resistant Staphylococcus aureus isolate 
during treatment of methicillin-resistant Staphy-
lococcus aureus bacteremia and osteomyelitis. J 
Clin Microbiol. 2006 Feb;44(2):595-7. 
6. Fowler Jr VG, Boucher HW, Corey GR, 
Abrutyn E, Karchmer AW, Rupp ME, et al. Dapto-
mycin versus standard therapy for bacteremia and 
endocarditis caused by Staphylococcus aureus.  
N Engl J Med. 2006 Aug 17;355(7):653-65. 
7. Argudín MÁ, Mendoza MC, Rodicio MR. 
Food poisoning and Staphylococcus aureus en-
terotoxins. Toxins (Basel). 2010 Jul;2(7):1751-73. 
doi: 10.3390/toxins2071751.  
8. Goto M, Hayashidani H, Takatori K, 
Hara‐Kudo Y. Rapid detection of enterotoxigenic 
Staphylococcus aureus harbouring genes for four 
classical enterotoxins, SEA, SEB, SEC and SED, 
by loop‐mediated isothermal amplification assay. 
Lett Appl Microbiol. 2007 Jul;45(1):100-7. 
9. Rola JG, Czubkowska A, Korpysa-Dzirba 
W, Osek J. Occurrence of Staphylococcus aureus 

on Farms with Small Scale Production of Raw 
Milk Cheeses in Poland. Toxins (Basel). 2016 Mar 
2;8(3). pii: E62. doi: 10.3390/toxins8030062. 
10. Wang S-J, Chow L-W, Wu M-J. Multiplex 
PCR for the simultaneous detection of the SEA, 
SEB, SEC, SED and SEE genes of enterotoxi-
genic Staphylococcus aureus. J Food Drug Anal. 
2002;10. 
11. Becker K, Friedrich AW, Lubritz G, Wei-
lert M, Peters G, von Eiff C. Prevalence of genes 
encoding pyrogenic toxin superantigens and ex-
foliative toxins among strains of Staphylococcus 
aureus isolated from blood and nasal specimens.  
J Clin Microbiol. 2003 Apr;41(4):1434-9. 
12. Wieneke AA, Gilbert R. The use of a 
sandwich ELISA for the detection of staphylococ-
cal enterotoxin A in foods from outbreaks of food 
poisoning. J Hyg (Lond). 1985 Aug;95(1):131-8. 
13. Medina MB. Development of a fluores-
cent latex microparticle immunoassay for the de-
tection of staphylococcal enterotoxin B (SEB).  
J Agric Food Chem. 2006 Jul 12;54(14):4937-42. 
14. Freed RC, Evenson ML, Reiser RF, Berg-
doll MS. Enzyme-linked immunosorbent assay for 
detection of staphylococcal enterotoxins in foods. 
Appl Environ Microbiol. 1982 Dec;44(6):1349-55. 
15. Adesiyun A, Lenz W, Schaal K. Phage 
susceptibility, enterotoxigenicity and antibiograms 
of Staphylococcus aureus strains isolated from hu-
man wounds and diarrhoea. Zentralbl Bakteriol. 
1992 Jul;277(2):250-9. 
16. Røder BL, Eriksen NH, Nielsen LP, Slots-
bjerg T, Rosdahl VT, Espersen F. No difference 
in enterotoxin production among Staphylococcus 
aureus strains isolated from blood compared with 
strains isolated from healthy carriers. J Med Mi-
crobiol. 1995 Jan;42(1):43-7. 
17. Tortora J, De Sousa T, Lourenco MC, 
Lopes H. Nosocomial occurrence of enterotoxi-
genic multiresistant Staphylococcus strains in Rio 
de Janeiro. Rev Latinoam Microbiol. 1996 Jan-
Mar;38(1):1-6. 
18. Lehn N, Schaller E, Wagner H, Krönke 
M. Frequency of toxic shock syndrome toxin-and 

189



Trends in Pharmaceutical Sciences 2019: 5(4): 185-190.

Vahid Ghanbarinejad et al..

enterotoxin-producing clinical isolates ofStaphy-
lococcus aureus. Eur J Clin Microbiol Infect Dis. 
1995 Jan;14(1):43-6.
19. Efuntoye M, Adetosoye A. Enterotoxi-
genicity and drug sensitivity of staphylococci  
from children aged five years and below with 
sporadic diarrhoea. East Afr Med J. 2003 
Dec;80(12):656-9. 
20. Naffa RG, Bdour SM, Migdadi HM,  
Shehabi AA. Enterotoxicity and genetic vari-
ation among clinical Staphylococcus au-
reus isolates in Jordan. J Med Microbiol.  
2006 Feb;55(Pt 2):183-7. 
21. Mehrabi F, Asgari A. Resistant Strains of 
Enterotoxigenic Staphylococcus aureus; Unknown 
Risk for Multiple Sclerosis Exacerbation. Iran Red 
Crescent Med J. 2015 Sep 1;17(9):e12596.  
22. Mehrotra M, Wang G, Johnson WM. 
Multiplex PCR for Detection of Genes for 
Staphylococcus aureus Enterotoxins, Exfolia-
tive Toxins, Toxic Shock Syndrome Toxin 1, and 
Methicillin Resistance. J Clin Microbiol. 2000 
Mar;38(3):1032-5. 
23. Demir C, ASLANTAŞ Ö, Duran N, 
Ocak S, ÖZER B. Investigation of toxin genes in  
Staphylococcus aureus strains isolated in Mus-
tafa Kemal University Hospital. Turk J Med Sci. 
2011;41;343-352. doi: 
24. Taj Y, Fatima I, Ali SW, Kazmi SU. 
Detection of genes for superantigen toxins in  
methicillin-resistant Staphylococcus aureus clini-
cal isolates in Karachi. J Coll Physicians Surg 

Pak. 2014 Feb;24(2):101-5. doi: 02.2014/JCP-
SP.101105. 
25. Adesiyun AA, Prabhakar P, Ali C, Lew-
is M. Characteristics of Staphylococcus aureus 
strains isolated from clinical and non-clinical hu-
man sources in Trinidad: susceptibility to bacterio-
phages and antimicrobial agents, and toxigenicity. 
Zentralbl Bakteriol. 1995 Oct;282(4):519-32. 
26. Rivas M, Cordal dBM, Raffo PM, Moro 
A. [Enterotoxigenicity and biochemical features of 
strains of Staphylococcus aureus of different ori-
gins]. Rev Argent Microbiol. 1985;17(2):69-73. 
27. Al Bustan M, Udo E, Chugh T. Nasal  
carriage of enterotoxin-producing Staphylococcus 
aureus among restaurant workers in Kuwait City. 
Epidemiol Infect. 1996 Jun;116(3):319-22. 
28. Flemming K, Ackermann G. Prevalence 
of enterotoxin producing Staphylococcus aureus 
in stools of patients with nosocomial diarrhea.  
Infection. 2007 Oct;35(5):356-8. 
29. Pourmand MR, Memariani M, Hoseini M, 
Bagherzadeh Yazdchi S. High Prevalence of SEA 
Gene Among Clinical Isolates of Staphylococcus 
aureus in Tehran. Acta Med Iran. 47(5):357-361. 
30. Boynukara B, Gulhan T, Gurturk K, 
Alisarli M, Ogun E. Evolution of slime pro-
duction by coagulase-negative staphylococci 
and enterotoxigenic characteristics of Staphy-
lococcus aureus strains isolated from various 
human clinical specimens. J Med Microbiol.  
2007 Oct;56(Pt 10):1296-300. 

190


