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Introduction: Staphylococcus aureus is a Gram-positive bacterium that can cause various 
diseases in specific conditions by secreting various toxins. Enterotoxins and toxins toxic 
shock syndrome toxin (TSST) play a major role in pathogenesis. Enterotoxins and TSST 
are pyrogenic super antigens that react with the MHC II molecule. The aim of this study was 
to investigate the frequency of the sea, sec, and tst genes in S. aureus isolated from clinical 
sources. 

Materials & Methods: This study was performed on 100 S. aureus isolates from hospitals 
in Karaj, which were finally identified using biochemical methods. Antibiotics susceptibility 
testing was performed by disk diffusion on agar, and the multiplex polymerase chain reaction 
(PCR) method was used to identify sea, sec, and tst genes. 

Results: The highest resistance was observed to penicillin (92%), while the lowest resistance 
was observed to vancomycin (0%), and 48 isolates (48%) were identified as multi-drug 
resistant (MDR). Although 86 isolates (86%) had at least one of the analyzed genes, only one 
(1%) isolate showed the presence of all three sea, sec, and tst enterotoxin genes, and 36% of 
isolates had the sea and tst genes. Among the 86 isolates, 79% contained the sea gene, 5% 
contained the sec gene, and 43% had the tst gene. Statistical analysis revealed a significant 
correlation between the presence of the tst gene and MDR isolates. 

Conclusion: The presence of relevant genes in clinical isolates should be considered in disease 
control and management due to the importance of S. aureus enterotoxins and TSST genes and 
their role in the development and exacerbation of staphylococcal diseases. Additionally, the 
high prevalence of antibiotic-resistant isolates limits antibiotic treatment.
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1. Introduction

taphylococcus aureus is a common patho-
gen that can inhabit various parts of the 
body and cause a variety of infections, such 
as skin and tissue infections, food poison-
ing, hospital-acquired infections, pneumo-
nia, septic arthritis, endocarditis, osteomy-

elitis, foreign body infections, and sepsis [1, 2]. S. aureus 
has multiple virulence factors that contribute to its patho-
genicity and bacterial colonization [3]. These virulence 
factors include drug resistance, enterotoxins, and toxic 
shock syndrome toxin (TSST). Enterotoxins and TSST are 
pyrogenic super antigens that react with the MHC II mol-
ecule, causing T lymphocytes to proliferate extensively 
and leading to damage through the release of high levels 
of cytokines. S. aureus has been identified as having more 
than 23 types of enterotoxins, which contribute to gastro-
intestinal poisoning and gastroenteritis [4-6]. The major-
ity of S. aureus strains found in patients with toxic shock 
syndrome produce a harmful toxin called TSST-1, which 
can cause failure of vital organs and is often fatal [7-9]. In 
addition, antibiotic resistance is a significant problem in 
managing various hospital infections. It not only causes 
treatment failure in some cases but also increases hospital-
ization time and treatment costs [10-14]. Infections caused 
by S. aureus are becoming increasingly difficult to treat 
due to the widespread circulation and emergence of drug-
resistant strains. Toxic shock syndrome is often treated 
with clindamycin and vancomycin. However, the exces-
sive use and inappropriate prescription of antibiotics have 
led to an increase in antibiotic resistance, further compli-
cating the treatment of toxic shock syndrome [7, 15]. Fur-
thermore, there is a lack of research on human samples in 
Iran, as most of the existing studies have focused on food 
and animal sources. Therefore, further research is needed 
to investigate the frequency of the sea, sec, and tst genes 
in S. aureus isolated from clinical sources, to better under-
stand the health risks that patients face.

2. Materials and methods

2.1. Bacterial samples and identification

The study was conducted in 2021 on 100 S. aureus 
isolates collected from different samples of patients and 
outpatients from Karaj City hospitals, including wound, 
blood, urine, sputum, nasal, and pharyngeal swabs. The 
samples were identified using specific culture media and 
various biochemical tests in a microbiology laboratory. 
All identified isolates were inoculated in nutrient broth 
containing 20% glycerol and stored at -20 °C for further 
experiments [16, 17].

2.2. Antibiotics susceptibility test

To determine antibiotic sensitivity, all isolates were 
tested using the agar disk diffusion method on Muller-
Hinton agar medium. The testing was performed with 12 
antibiotic disks obtained from Padtan Teb Co., includ-
ing: oxacillin (1 µg), vancomycin (30 µg), cefoxitin (30 
µg), trimethoprim-sulfamethoxazole (1.25/23.75 µg), 
ciprofloxacin (5 µg), erythromycin (15 µg), clindamycin 
(2 µg), ceftazidime (30 µg), gentamicin (10 µg), tetra-
cycline (30 µg), penicillin (10 U), and chloramphenicol 
(30 µg). The results were reported as sensitive, interme-
diate, and resistant based on the inhibitory zone. S. au-
reus strain ATCC 25923 was used as a positive control. 
Isolates were classified as multidrug-resistant (MDR) if 
they were resistant to at least one antibiotic from three 
different antibiotic families, based on the results of the 
antibiotic sensitivity test [18, 19].

2.3. DNA extraction

Initially, we isolated S. aureus strains and extracted 
DNA using the BetaPrep Genomic DNA Extraction 
Kit from BETA BAYERN, Germany. The quantity and 
quality of the extracted DNA were assessed using opti-
cal density (OD) 260/280 ratios and agarose gel (1.5%) 
electrophoresis. The extracted DNA was then preserved 
at -20 °C for future use.

2.4. Triplex PCR reaction

The triplex PCR reaction was used to confirm the pres-
ence of the analyzed genes in the studied isolates. Spe-
cific primers (Table 1) were used to determine if the iso-
lates had the sea, sec, and tst genes. The reaction mixture 
contained a final volume of 30 µL, consisting of 15 µL 
of Amplicon’s Master Mix (which includes Maxer Mix 
1X, Tris-HCl 0.5 M, MgCl2 2 mM, dNTPs 1.6 mM, Taq 
0.04 Units/μL, and 0.5 µL of water), 1 µL (0.2 μM) of 
forward and reverse primer for each gene, 2 µL (20 ng) 
of template DNA, and 7 µL of double-distilled sterile 
distilled water. The genes were amplified using a thermal 
cycler (Applied Biosystem) under the following condi-
tions: an initial denaturation at 96 °C for 5 minutes, fol-
lowed by 35 cycles consisting of denaturation at 94 °C 
for 1 minute, annealing at 57 °C for 1 minute, and exten-
sion at 72 °C for 1 minute. After the final amplification, 
the temperature was kept at 72 °C for 10 minutes [20]. A 
negative control was used, where all reagents were used 
except for the template DNA. For the positive control, 
the standard strains of S. aureus ATTC 13565, ATTC 
19095, and ATTC 25923 were used for sea, sec, and tst 
genes, respectively. The Triplex PCR reaction product 
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was run on a 2% agarose gel with a 100 bp ladder and 
checked under ultraviolet light with a Gel document de-
vice [21, 22].

2.5. Statistical analyses 

After that, we analyzed the results using Microsoft 
Excel 2010 and SPSS software, version 16. We used 
Cramer’s V and chi-square test, and set the significance 
level at P≤0.05.

3. Results

3.1. Bacterial samples 

A total of 100 S. aureus isolates were collected from 
clinical sources in Karaj, with 49 from women and 51 
from men. The average age of the patients was 46.51 
years. The isolates were obtained from various sample 
types, with the highest percentage from blood (70%) and 
the lowest from wounds (2%). Other samples were taken 
from urine, sputum, nasal, and pharyngeal swabs. The 
frequency of S. aureus isolates in various clinical samples 
is presented in Figure 1. Our study found a significant 
relationship between the sample type and the presence of 
the sea gene in the S. aureus isolates (P<0.05).

3.2. Antibiotics susceptibility 

The following sentences refer to Table 2, which con-
tains details of the results related to the pattern of re-
sistance and sensitivity to antibiotics. The results of 
the disk agar diffusion method for antibiotic sensitivity 
testing showed that the 92(92%) isolates were resistant 
to penicillin, while 82(82%) isolates were resistant to 
ceftazidime. Additionally, 47(47%) isolates were re-
sistant to tetracycline, 43(43%) to erythromycin, and 
38(38%) to cefoxitin. Other antibiotics with less resis-

tance included ciprofloxacin (36%), oxacillin (34%), 
and clindamycin (33%). Moreover, 23(23%) isolates 
were resistant to gentamicin, 16(16%) isolates to trim-
ethoprim-sulfamethoxazole, and only four (4%) isolates 
to chloramphenicol. Notably, no vancomycin-resistant 
isolates were observed in the study. The results of the 
antibiotic sensitivity test showed that 48(48%) out of the 
total isolates were identified as MDR.

3.3. Presence of enterotoxin genes

Out of 100 isolates studied, 14 did not have the sea, 
sec, and tst genes, while the remaining 86(86%) isolates 
had at least one of these genes. Among the 86 isolates, 
79% had the sea gene, 5% had the sec gene, and 43% 
had the tst gene. Moreover, 4% had both the sea and 
sec genes, 36% had the sea and tst genes, and 2% had 
both sec and tst genes (Figure 2). Only one (1%) iso-
late showed the presence of all three sea, sec, and tst 
enterotoxin genes. Statistical analysis revealed a signifi-
cant correlation between the presence of the tst gene and 
MDR isolates (P<0.05). Moreover, the frequency of this 
gene was higher in MDR isolates. The gender of patients 
had a significant association with the presence of the sec 
and tst genes (P<0.05). The tst gene was more prevalent 
in female patients, while the sec gene was more preva-
lent in male patients.

4. Discussion

S. aureus is a significant pathogen for humans and has 
been a leading cause of both community-acquired and 
hospital-acquired infections for several decades. De-
spite antibiotic treatment, this microorganism frequently 
causes severe complications in hospitalized patients, and 
its increasing drug resistance has made treatment chal-
lenging. Genetically, this bacterium possesses genes that 

Figure 1. The frequency of S. aureus isolates in various clinical samples
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contribute to virulence, antibiotic resistance, and entero-
toxin production, which can have dangerous effects on the 
host [7, 24]. Our study analyzed 100 S. aureus isolates 
and found that the highest resistance rate was observed for 
penicillin (92%), while the lowest resistance rate was ob-
served for vancomycin (0.0%). The resistance pattern to 
other antibiotics was as follows: ceftazidime (82%), tetra-
cycline (47%), erythromycin (43%), cefoxitin (38%), cip-
rofloxacin (36%), oxacillin (34%), clindamycin (33%), 
gentamicin (23%), and trimethoprim-sulfamethoxazole 
(16%). In this regards, Jafari-Sales et al. (2019) reported 
a penicillin resistance rate of 100% in S. aureus, which 
is consistent with the findings of another study [25]. In 
2016, a study showed that no S. aureus isolates were resis-
tant to vancomycin, which is consistent with the present 
study, but the highest percentage of antibiotic resistance 

was found for clindamycin, oxacillin, and trimethoprim-
sulfamethoxazole [26] Reisi et al. (2014) reported that the 
highest percentage of antibiotic resistance was to penicil-
lin and cefotaxime (100%), while the lowest was to van-
comycin (0.5%), which is in accordance with our results 
[27]. Wu et al. (2023) also found that 100% of S. aureus 
isolates were resistant to penicillin, but no vancomycin-
resistant isolates were found among the samples [28]. 
Another study found that the level of antibiotic resistance 
to penicillin among S. aureus isolates was 68.3%, which 
is similar to our results. However, this level of resistance 
was lower than what we reported [2]. In another study, 
92.5% of S. aureus isolates were resistant to penicillin, 
and 10.5% were confirmed as vancomycin-intermediate 
S. aureus [29]. The results of these studies and our own 
demonstrate differences and similarities in the level of re-

Table 1. Sequence of primers for sea, sec and tst genes in S. aureus isolates

Gene primer Sequence (5ʹ to 3ʹ) Primer Length Fragment Size (bp) Ref.

sea
F:GGTTATCAATGTGCGGGTGG 20

102 [23]
R:CGGCACTTTTTTCTCTTCGG 20

sec
F:AGATGAAGTAGTTGATGTGTATGG 24

451 [23]
R:CACACTTTAGAATCAACCG 20

tst
F:ACCCCTGTTCCCTTATCATC 20

326 [23]
R:TTTTCAGTATTTGTAACGCC 20

Table 2. Results of antibiotic sensitivity in the tested isolates

Sensitivity
Antibiotic

Total Isolates (n=100)

Sensitive (%) Resistance (%) Intermediate (%)

Oxacillin 66 34 -

Cefoxitin 62 38 -

Trimethoprim-sulfamethoxazole 83 16 1

Clindamycin 67 33 -

Ciprofloxacin 58 36 6

Chloramphenicol 91 4 5

Erythromycin 49 43 8

Gentamicin 75 23 2

Ceftazidime 1 82 17

Penicillin 8 92 -

Tetracycline 53 47 -

Vancomycin 100 - -
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sistance to different antibiotics, which can be attributed to 
various factors such as geographical region and the type 
and number of collected samples. However, what is cer-
tain is the increasing rate of resistance in these bacteria.

The molecular results of the presence of enterotoxin 
genes in S. aureus isolates showed that 79%, 5%, and 
43% of the isolates carried sea, sec, and tst genes, respec-
tively. It was found that 36% of the isolates had both sea 
and tst genes, 4% had sea and sec genes, and 2% had sec 
and tst genes. Additionally, 1% of the isolates showed a 
positive presence of all three genes. In this regard, Goli 
et al. (2018) conducted a study on 49 S. aureus isolates, 
of which 34.7% were positive for the sea gene [30]. Vari-
ous researchers from different parts of the world have re-
ported different frequencies of the sea gene in S. aureus 
isolates. Some studies similar to our results, such as those 
conducted by Katayoon et al. (2017) [31] and Rahimi 
et al. (2014) [32], have reported a high frequency of the 
sea gene in S. aureus isolates, with 86.2% and 100% of 
the isolates carrying the gene, respectively. On the other 
hand, other studies, including those by Asgarpoor et al. 
2018 [1] and Nashev et al. (2007) [33], have reported a 
lower level of the sea gene in S. aureus isolates, with car-
rier rates ranging from 16% to 47.4%. The frequency of 
the sec gene has been investigated in various studies, re-
vealing a range of S. aureus isolates that harbor the gene. 
For instance, Goli et al. (2018) reported that 10% of S. 
aureus isolates carried the gene [30]. Other studies, such 
as those conducted by Eshraghi et al. (2009) [3], and Saa-
dati et al. [34], reported frequencies of the sec gene in 
S. aureus isolates of 1.6%, and 9.5%, respectively. The 
frequency of the tst gene, which is one of the important 
toxins in the virulence of S. aureus, has been investigated 
in different studies. Mohammad Jani et al. (2018) reported 
that the prevalence of the tst gene in S. aureus isolates was 
43%, which is in agreement with our results [35]. Howev-

er, other studies have reported different frequencies of this 
gene in S. aureus isolates. For example, Ramazanzadeh et 
al. (2015) reported 81% [36], Parsonnet et al. (2008) re-
ported 9% [37], and Becker et al. (2001) reported 18.2% 
[38]. After comparing the findings of various research 
studies with the outcomes of the current study, it is evi-
dent that some results are consistent while others vary. 
The discrepancies in the frequency of the genes analyzed 
can be attributed to diverse factors such as: geographical 
location, sample type, sample size, strain natural habitat, 
the overall health of the population being studied, the pat-
tern of health behavior in clinical and community settings, 
and differences in the investigation methods and primers 
used in molecular studies.

5. Conclusion

Our study revealed high levels of enterotoxins and an-
tibiotic resistance in S. aureus isolates, which can exac-
erbate hospital infections and contribute to the spread of 
antibiotic resistance. It is crucial to take action against 
the rise of S. aureus genes that produce enterotoxins and 
TSST in clinical sources. Treating infections caused by 
this bacterium can be challenging and lead to severe 
consequences. Therefore, prioritizing disease control 
and avoiding unnecessary antibiotic use is essential to 
prevent the spread of resistance.
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Figure 2. Comparison of the frequency of different enterotoxin genes in 100 S. aureus isolates

Sadeghi AS, et al. Co-occurrence of sea, sec, and tst. Arch. Razi Inst. 2026; 81(1):33-40. 

https://archrazi.areeo.ac.ir/
http://Islamic Azad University, Karaj Branch


38

January & February 2026, Volume 81, Issue 1

Data availability

All data generated or analyzed during this study are in-
cluded in the article.

Funding

This research did not receive any grant from funding 
agencies in the public, commercial, or non-profit sectors. 

Authors' contributions

Conceptualization: Ebrahim Babapour and Reza 
Mirnejad; Methodology: Ebrahim Babapour; Investi-
gation, formal analysis, and writing the original draft: 
Ameneh Sadat Sadeghi; Review and editing: Ebrahim 
Babapour, Reza Mirnejad and Majid Taati Moghadam; 
Project administration: Reza Mirnejad.

Conflict of interest

The authors declared no conflict of interest. 

Acknowledgements

The authors of this article express their gratitude to the 
following individuals and institutions for their assistance 
in conducting the study: the staff of the clinical labora-
tory of Imam Ali and Shahid Rajaei Hospitals, the Razi 
Laboratory of Karaj, and the knowledgeable experts 
of the Microbiology and Molecular Laboratory of the 
Microbiology Department at Islamic Azad University, 
Karaj Branch.

References

[1] Asgarpoor D, Bahrami M, Daneshamooz S, Ghasemi M. 
[Identification of Staphylococcus aureus Enterotoxin Genes 
of sea, seb and sec among Healthy Carriers in Ardabil City 
(Persian)]. Iran J Med Microbiol. 2018; 11(6):149-57. [Link]

[2] Tabaei S, Kouhi Noghondar M, Mohammadzadeh M, Ataei 
L, Amel Jamehdar S. [Pattern of antibiotic resistance in methi-
cillin-resistant Staphylococcus aureus (MRSA) strains isolat-
ed from clinical specimens: Imam Reza hospital in Mashhad 
(Persian)]. Med J Mashhad Univ Med Sci. 2016; 59(2):64-70. 
[DOI:10.22038/mjms.2016.7328]

[3] Eshraghi S, Salehipour Z, Pourmand MR, Forushani AR, 
Salehi M, Amiri SA, et al. [Prevalence of tst, entC, entA and 
entA/C genes in staphylococcus aureus strains isolated from 
different foods (Persian)]. Tehran Univ Med J. 2009; 67(7):470-
6. [Link]

[4] Vasconcelos NG, Cunha MD. Staphylococcal enterotoxins: 
Molecular aspects and detection methods. J Public Health 
Epidemiol. 2010; 2(3):29-42. [Link]

[5] Samidoust P, Delshad ME, Talemi RN, Mojtahedi K, Sami-
doust A, Jahangiri S, et al. Incidence, characteristics, and out-
come of COVID-19 in patients on liver transplant program: a 
retrospective study in the north of Iran. New Microbes New 
Infect. 2021; 44:100935. [DOI:10.1016/j.nmni.2021.100935] 
[PMID] 

[6] Tarzjani SD, Kamalzadeh S, Moghadam MT, Ashoobi MT. 
Clinical challenge of co-infection of SARS-CoV-2 with influ-
enza during the influenza circulation season: Suggestions 
for prevention. Germs. 2023; 13(2):188-91. [DOI:10.18683/
germs.2023.1384] [PMID] 

[7] Serray B, Mohammed S, Hammouni A, Timinouni M, EL 
Azhari M. Frequency of the toxic shock syndrome toxin-1 
gene in methicillin-resistant staphylococcus aureus isolated 
from pediatric hospital in Morocco. Moroccan J Public Heath. 
2022; 4(1):43-8. [Link]

[8] Zuheir Majeed H, Mohmed Baqer Muhsin Y, Mohammed 
Sajet R. Investigating the effects of ginger on biofilm produc-
tion from bacteria isolated from respiratory tract. Iran J Vet 
Med. 2024; 18(Special Issue):637-48. [DOI:10.32598/ijvm.18.
specialissue.3]

[9] Azizkhani M, Jafari F, Haghighi P, Dehghan M. Evaluating 
contamination level of raw and roasted nuts distributed in 
commercial markets in Mazandaran province, Iran. Iran J Vet 
Med. 2020; 14(2):167-76. [Link]

[10] Moghadam MT, Chegini Z, Norouzi A, Dousari AS, Sha-
riati A. Three-decade failure to the eradication of refractory 
Helicobacter pylori infection and recent efforts to eradicate 
the infection. Curr Pharm Biotechnol. 2021; 22(7):945-59. [DOI
:10.2174/1389201021666200807110849] [PMID]

[11] Taati Moghadam M, Hossieni Nave H, Mohebi S, Norouzi 
A. [The evaluation of connection between integrons class I 
and II and ESBL-producing and Non-ESBL klebsiella pneu-
moniae isolated from clinical samples, Kerman (Persian)]. 
Iran J Med Microbiol. 2016; 10(4):1-9. [Link]

[12] Mohebi S, Golestani-Hotkani Z, Foulad-Pour M, Nazeri P, 
Mohseni F, Hashemizadeh Z, et al. Characterization of inte-
grons, extended spectrum beta lactamases and genetic diver-
sity among uropathogenic Escherichia coli isolates from Ker-
man, South East of Iran. Iran J Microbiol. 2023; 15(5):616-24. 
[DOI:10.18502/ijm.v15i5.13867] [PMID] 

[13] Rastegar S, Skurnik M, Tadjrobehkar O, Samareh A, 
Samare-Najaf M, Lotfian Z, et al. Synergistic effects of bac-
teriophage cocktail and antibiotics combinations against 
extensively drug-resistant Acinetobacter baumannii. BMC 
Infect Dis. 2024; 24(1):1208. [DOI:10.1186/s12879-024-10081-
0] [PMID] 

[14] Rastegar S, Skurnik M, Niaz H, Tadjrobehkar O, Samareh 
A, Hosseini-Nave H, et al. Isolation, characterization, and 
potential application of Acinetobacter baumannii phages 
against extensively drug-resistant strains. Virus Genes. 2024; 
60(6):725-36. [DOI:10.1007/s11262-024-02103-5] [PMID]

[15] Pines M. The Dangers of Staphylococcus aureus and An-
timicrobial Resistance [MA thesis]. Florida: Lynn University; 
2023. [Link]

Sadeghi AS, et al. Co-occurrence of sea, sec, and tst. Arch. Razi Inst. 2026; 81(1):33-40. 

https://archrazi.areeo.ac.ir/
https://karaj.iau.ir/en
https://karaj.iau.ir/en
https://ijmm.ir/browse.php?a_code=A-10-1013-1&sid=1&slc_lang=en
https://doi.org/10.22038/mjms.2016.7328
https://tumj.tums.ac.ir/article-1-433-en.pdf
https://repositorio.unesp.br/entities/publication/3bdcb54c-e18a-46ca-b3ae-a2b49df1ef1b
https://doi.org/10.1016/j.nmni.2021.100935
https://www.ncbi.nlm.nih.gov/pubmed/34493955
https://doi.org/10.18683/germs.2023.1384
https://doi.org/10.18683/germs.2023.1384
https://www.ncbi.nlm.nih.gov/pubmed/38144247
https://revues.imist.ma/index.php/MJPH/article/view/35786/18918
https://doi.org/10.32598/ijvm.18.specialissue.3
https://doi.org/10.32598/ijvm.18.specialissue.3
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Azizkhani+M%2C+Jafari+F%2C+Haghighi+P%2C+Dehghan+M.+Evaluating+Contamination+Level+of+Raw+and+Roasted+Nuts+Distributed+in+Commercial+Markets+in+Mazandaran+Province%2C+Iran.+Iranian+Journal+of+Veterinary+Medicine.+2020%3B+14%282%29.&btnG=
https://doi.org/10.2174/1389201021666200807110849
https://doi.org/10.2174/1389201021666200807110849
https://www.ncbi.nlm.nih.gov/pubmed/32767919
https://ijmm.ir/article-1-452-en.pdf
https://doi.org/10.18502/ijm.v15i5.13867
https://www.ncbi.nlm.nih.gov/pubmed/37941884
https://doi.org/10.1186/s12879-024-10081-0
https://doi.org/10.1186/s12879-024-10081-0
https://www.ncbi.nlm.nih.gov/pubmed/39455951
https://doi.org/10.1007/s11262-024-02103-5
https://www.ncbi.nlm.nih.gov/pubmed/39256307
https://spiral.lynn.edu/etds/407/


39

January & February 2026, Volume 81, Issue 1

[16] Aldujaily AH, Hassoon KF, Salman DB, Bustani GS. Effect 
of rhazya stricta-synthesized copper nanoparticles on Staphy-
lococcus aureus-infected wounds in rabbit. Iran J Vet Med. 
2025; 19(2). [Link]

[17] Selim AO, Abdel Salam MM, Abdallah Hassan RN, Musta-
fa GE, Mahdy ZA. The effect of some nano plant extract on 
bacteria producing biogenic amines isolated from minced 
meat. Iran J Vet Med. 2024; 18(4):510-6. [DOI:10.32598/
ijvm.18.4.1005428]

[18] Ashoobi MT, Asgary MR, Sarafi M, Fathalipour N, Pirooz 
A, Jafaryparvar Z, et al. Incidence rate and risk factors of sur-
gical wound infection in general surgery patients: A cross‐sec-
tional study. Int Wound J. 2023; 20(7):2640-8. [DOI:10.1111/
iwj.14137] [PMID] 

[19] Gholami M, Moshiri M, Ahanjan M, Salimi Chirani A, 
Hasannejad Bibalan M, Asadi A, et al. The diversity of class 
B and class D carbapenemases in clinical Acinetobacter bau-
mannii isolates. Infez Med. 2018; 26(4):329-35. [PMID]

[20] Moradi M, Norouzi A. [Prevalence of bla-CTX-M, bla-
SHV, and bla-TEM genes and comparison of antibiotic resist-
ance pattern in extended-spectrum β-lactamase producing 
and non-producing groups of Klebsiella pneumoniae Isolated 
from clinical samples in Kerman hospitals (Persian)]. J Adv 
BiomedSci. 2016; 6(1):120-8. [Link]

[21] Hasannejad-Bibalan M, Sadeghi M, Hemmati H, Ashoobi 
MT, Yaghoubi T, Samadnia A, et al. A two-year study of mi-
crobiological characteristics of intravascular catheter-related 
bloodstream infections at Razi hospital, Iran. New Zealand J 
Med Lab Sci. 2021; 75(3):202-5. [Link]

[22] Saeidi Y, Pournajaf A, Gholami M, Hasannejad-Bibalan M, 
Yaghoubi S, Khodabandeh M, et al. Determination of Heli-
cobacter pylori virulence-associated genes in duodenal ulcer 
and gastric biopsies. Med J Islam Repub Iran. 2017; 31:95. 
[DOI:10.14196/mjiri.31.95] [PMID] 

[23] Mehrotra M, Wang G, Johnson WM. Multiplex PCR for de-
tection of genes for S. aureus enterotoxins, exfoliative toxins, 
toxic shock syndrome toxin 1 and methicillin resistance. J Clin 
Microbiol. 2000; 38(3):1032-5. [DOI:10.1128/JCM.38.3.1032-
1035.2000] [PMID] 

[24] Strich JR, Heil EL, Masur H. Considerations for empiric 
antimicrobial therapy in sepsis and septic shock in an era of 
antimicrobial resistance. J Infect Dis. 2020; 222(Suppl 2):S119-
31. [DOI:10.1093/infdis/jiaa221] [PMID] 

[25] Jafari-Sales A, Jafari B. [Evaluation of the Prevalence of mec 
A Gene in staphylococcus aureus strains isolated from clini-
cal specimens of hospitals and treatment centers (Persian)]. 
Pajouhan Sci J. 2019; 17(3):41-7. [DOI:10.52547/psj.17.3.41]

[26] Abbasi S, Taei S, Zamanzad B. The prevalence of methi-
cillin-resistant Staph. aureus strains producing enterotoxin A 
and B. Tehran Univ Med Sci J. 2016; 73(11):778-83. [Link]

[27] Reisi M, Tajbakhsh E, Momtaz H. [Isolation and identifica-
tion of antibiotic resistance genes in Staphylococcus aureus 
isolates from respiratory system infections in shahrekord, 
Iran (Persian)]. J Microb Biol. 2014; 3(10):97-106. [Link]

[28] Wu X, Wang C, He L, Xu H, Jing C, Chen Y, et al. Clini-
cal characteristics and antibiotic resistance profile of inva-
sive MRSA infections in newborn inpatients: A retrospective 
multicenter study from China. BMC Pediatr. 2023; 23(1):264. 
[DOI:10.1186/s12887-023-04084-0] [PMID] 

[29] Nepal N, Mahara P, Subedi S, Rijal KR, Ghimire P, 
Banjara MR, et al. Genotypically confirmed vancomycin-
resistant Staphylococcus aureus with vanB gene among 
clinical isolates in Kathmandu. Microbiol Insights. 2023; 
16:11786361231183675. [DOI:10.1177/11786361231183675] 
[PMID] 

[30] Goli HR, Ahanjan M, Firouzi F, Nasrollahi M. [Prevalence 
of enterotoxin A and enterotoxin B Genes in Staphylococcus 
aureus strains isolated from hospitalized patients, medical 
personnel, and kitchen staff in two educational hospitals, 
Sari, Iran (Persian)]. J Mazandaran Univ Med Sci. 2018; 
28(165):159-64. [Link]

[31] Katayoon A, Naser H, Mehrooz D. Molecular Survey of 
the Frequency of sea and seb genes in staphylococcus aureus 
isolated from skin infections in Razi Hospital of Tehran. 2017.
[Link]

[32] Rahimi F, Bouzari M, Katouli M, Pourshafie M. Study of 
prevalence of Enterotoxin type A gene in Meticillin Resistant 
Staphylococcus aureus (MRSA) Hospitals in Tehran. Iran J In-
fect Dis. 2014; 19:59-68. [Link]

[33] Nashev D, Toshkova K, Bizeva L, Akineden Ö, Lämmler 
C, Zschöck M. Distribution of enterotoxin genes among car-
riage‐and infection‐associated isolates of Staphylococcus 
aureus. Lett Appl Microbiol. 2007; 45(6):681-5. [DOI:10.1111/
j.1472-765X.2007.02254.x] [PMID]

[34] Saadati M, Babak B, Mehdi S, Mohammadjavad S. Detec-
tion of staphylococcus aureus enterotoxin type C isolated 
from healthy carriers by PCR. 2007; 117-27. [Link]

[35] Mohammad Jani F, Amini K. [Detection of virulence (etA, 
etB and tst) and antibiotic resistance (mecA) genes in Staphy-
lococcus Aureus strains isolated from clinical samples using 
multiplex-PCR method (Persian)]. Payavard Salamat. 2018; 
11(6):610-7. [Link]

[36] Ramazanzadeh R, Salimizand H, Shahbazi B, Narenji H. 
Prevalence of mecA gene of methicillin resistant Staphylo-
coccus spp. Isolated from nosocomial infections and environ-
mental specimens in Sanandaj Hospitals, Kurdistan, Iran. Res 
Mol Med. 2015; 3(3):38-42. [DOI:10.7508/rmm.2015.03.008]

[37] Parsonnet J, Goering RV, Hansmann MA, Jones MB, 
Ohtagaki K, Davis CC, Totsuka K. Prevalence of toxic shock 
syndrome toxin 1 (TSST-1)-producing strains of Staphylococ-
cus aureus and antibody to TSST-1 among healthy Japanese 
women. J Clin Microbiol. 2008; 46(8):2731-8. [DOI:10.1128/
JCM.00228-08] [PMID] 

[38] Becker K, Haverkämper G, Von Eiff C, Roth R, Peters G. 
Survey of staphylococcal enterotoxin genes, exfoliative toxin 
genes, and toxic shock syndrome toxin 1 gene in non-Staphy-
lococcus aureus species. European J Clin Microbiol Infect Dis. 
2001; 20:407-9. [DOI:10.1007/s100960100523] [PMID]

Sadeghi AS, et al. Co-occurrence of sea, sec, and tst. Arch. Razi Inst. 2026; 81(1):33-40. 

https://archrazi.areeo.ac.ir/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Aldujaily+AH%2C+Hassoon+KF%2C+Salman+DB%2C+Sabah+G.+Rhazya+stricta-Biosynthesized+Copper+Nanoparticles+on+Staphylococcus+aureus+Infected+Rabbit+Wounds.+Iranian+Journal+of+Veterinary+Medicine.+2025.&btnG=
https://doi.org/10.32598/ijvm.18.4.1005428
https://doi.org/10.32598/ijvm.18.4.1005428
https://doi.org/10.1111/iwj.14137
https://doi.org/10.1111/iwj.14137
https://www.ncbi.nlm.nih.gov/pubmed/36896793
https://pubmed.ncbi.nlm.nih.gov/30555136/
https://jabs.fums.ac.ir/article-1-862-en.html
https://search.informit.org/doi/abs/10.3316/INFORMIT.150381043461250
https://doi.org/10.14196/mjiri.31.95
https://www.ncbi.nlm.nih.gov/pubmed/29951396
https://doi.org/10.1128/JCM.38.3.1032-1035.2000
https://doi.org/10.1128/JCM.38.3.1032-1035.2000
https://www.ncbi.nlm.nih.gov/pubmed/10698991
https://doi.org/10.1093/infdis/jiaa221
https://www.ncbi.nlm.nih.gov/pubmed/32691833
https://doi.org/10.52547/psj.17.3.41
https://www.cabidigitallibrary.org/doi/full/10.5555/20163093151
https://bjm.ui.ac.ir/article_19525_en.html?lang=fa
https://doi.org/10.1186/s12887-023-04084-0
https://www.ncbi.nlm.nih.gov/pubmed/37231456
https://doi.org/10.1177/11786361231183675
https://www.ncbi.nlm.nih.gov/pubmed/37456613
https://jmums.mazums.ac.ir/article-1-10590-en.html
https://www.cabidigitallibrary.org/doi/full/10.5555/20173369516
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Rahimi+F%2C+Bouzari+M%2C+Katouli+M%2C+Pourshafie+M.+Study+of+prevalence+of+Enterotoxin+type+A+gene+in+Meticillin+Resistant+Staphylococcus+aureus+%28MRSA%29+Hospitals+in+Tehran.+Iranian+J+of+Infectious+Diseases.+2014%3B+19%3A59-68.&btnG=
https://doi.org/10.1111/j.1472-765X.2007.02254.x
https://doi.org/10.1111/j.1472-765X.2007.02254.x
https://www.ncbi.nlm.nih.gov/pubmed/17944839
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Mojtaba+S%2C+Babak+B%2C+Mehdi+S%2C+Mohammadjavad+S.+Detection+of+staphylococcus+aureus+enterotoxin+type+C+isolated+from+healthy+carriers+by+PCR.+2007.&btnG=
https://www.sid.ir/paper/149730/en
http://dx.doi.org/10.7508/rmm.2015.03.008
https://doi.org/10.1128/JCM.00228-08
https://doi.org/10.1128/JCM.00228-08
https://www.ncbi.nlm.nih.gov/pubmed/18550735
https://doi.org/10.1007/s100960100523
https://www.ncbi.nlm.nih.gov/pubmed/11476441


This Page Intentionally Left Blank


