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Abstract: 

Staphylococcus aureus is a commensal and opportunistic 

bacterium and the leading cause of human bacterial infections 

worldwide. S. aureus exhibits significant resistance to 

antibiotics, particularly methicillin-resistant Staphylococcus 

aureus (MRSA) strains. This resistance is a growing global 

concern, as S. aureus can rapidly adapt to various antibiotic 

treatments, making these bacteria difficult to treat. The ability to 

form biofilms enhances this resistance, allowing S. aureus to 

persist in infections and become resistant to antibiotics. 

Therefore, alternative treatment options to antibiotics are 

needed to control antibiotic resistance and biofilm formation, 

and cold plasma may be an alternative. The aim was to study 

genetic estimation of the toxic shock syndrome genes for burn 

patients in Al-Qadisiyah Province. 150 clinical samples were 

collected from various sources, including burns from patients 

aged 3–58 years at Al-Diwaniyah Teaching Hospital, Afak 

General Hospital, and the Specialized Burns Center during the 

period from February 2025 to May 2025. The results 

demonstrated the clear effectiveness estimation of the toxic shock syndrome genes for burn 

patients in Al-Qadisiyah Province.  

Keywords: S. aureus, antibiotic resistance, clinical isolates, toxic shock syndrome 

Introduction:  

Toxic shock syndrome (TSS) is a rare but life-threatening condition caused by the release of 

bacterial toxins. It is a medical concern due to its severe and rapidly progressive symptoms. One 

of the most prominent culprits is the bacteria Staphylococcus aureus and Streptococcus 

pyogenes, which produce toxins known as "superantigens." These toxins trigger an excessive and 

uncontrolled immune response (Smith et al., 2024), leading to a variety of serious systemic 

symptoms. The main symptoms of TSS include a sudden high fever and a severe loss of blood 

pressure, leading to shock, as well as failure of multiple vital organs such as the kidneys, liver, 

and respiratory system. TSS is a significant challenge in clinical medicine due to its rapid 
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progression and high mortality rate if not treated promptly and effectively (Subrahmanyam et al., 

2024). 

For burn patients, the risk of developing (TSS) is significantly higher. Because 

burns cause severe skin damage, the skin, which serves as a protective barrier against 

bacteria, becomes more susceptible to infection (Vivekanandan et al., 2025; Sabah   

and Kadhim, 2025). The deeper and more extensive the wounds, the greater the chance 

of bacteria entering the bloodstream. Consequently, there is a greater likelihood of the 

release of toxins that cause the syndrome, further exacerbating the patient's health 

condition. In addition, the physiological stress resulting from burn injury and medical 

treatment, which may include the use of antibiotics, can weaken the immune response 

and make the body more susceptible to microbial infections, including those that cause 

TSS (Nam et al., 2021). Furthermore, TSST-1 (toxic shock syndrome toxin 1) is one of 

the main toxins released by Staphylococcus aureus and contributes to the development 

of toxic shock syndrome (TSS) (Mumtaz et al., 2023).  

This toxin bypasses the immune system's natural mechanisms, interacting directly 

with the body's T cells, triggering an excessive immune response known as a "cytokine 

storm." This storm is one of the main causes of the severe symptoms associated with 

toxic shock syndrome, such as circulatory shock and organ failure (Ding et al., 2016). 

In burn patients, the risk of developing TSS is particularly high. Burn wounds 

compromise the skin barrier, which normally acts as a defense against bacterial 

infection. When the skin is damaged, bacteria such as Staphylococcus aureus can easily 

colonize the affected areas and may spread systemically. These bacteria, which are 

often found on the skin and mucous membranes, can release toxins, including toxic 

shock syndrome toxin-1, which has been strongly linked to the onset of toxic shock 

syndrome (Guo et al., 2021). TSST-1 is particularly problematic because it bypasses 

normal immune processes, directly activating large numbers of T cells, leading to a 

massive release of inflammatory cytokines—a phenomenon known as a "cytokine 

storm." This storm is responsible for the rapid and severe symptoms seen in toxic 

shock syndrome, such as shock and acute organ failure (Abbood and Hateet, 2025). 

Studying the prevalence of antibodies in patient populations at risk for developing 

toxic shock syndrome, such as burn patients, could significantly contribute to 

identifying individuals most susceptible to this syndrome. These studies could provide 

the basis for accurate assessments of an individual's immune status, enabling more 

precise and effective treatment and prevention. Furthermore, understanding the role of 

antibodies in counteracting these toxins may help develop new methods to stimulate or 

strengthen the immune system, thereby reducing the risk of developing the syndrome 

(Abdulrazzaq and Ali, 2025). Therefore, the aim was to study genetic estimation of the 

toxic shock syndrome genes for burn patients in Al-Qadisiyah Province.  
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Materials and Methods: 

Bacterial Isolates : 

150 clinical samples were collected from various sources, including burns from patients 

aged 3–58 years at Al-Diwaniyah Teaching Hospital, Afak General Hospital, and the Specialized 

Burns Center during the period from February 2025 to May 2025. 

Diagnosis: 

All bacterial isolates were initially identified using Gram staining and biochemical 

tests (oxidase, catalase, citrate uptake test, and growth at 4 and 42°C). Diagnosis was 

confirmed using the VITEK2 device and PCR by detecting the presence of the 16S 

rRNA gene. Primers for this gene were designed using the NCBI-GenBank Database 

and the Primer3plus primer design software. These primers were prepared by the 

Korean company Macrogene, as shown in Table (1). 

Antibiotic susceptibility test (AST) : 

Susceptibility testing was performed for the antibiotics Piperacillin, Amoxicillin/clavulanate, 

Ceftriaxone, Cefotaxime, Imipenem, Gentamicin, Amikacin, Ciprofloxacin, and Levofloxacin 

using the Kirby-Bauer disk diffusion method according to the recommendations of the Clinical 

Laboratory Standards Institute (CLSI). The bla OXA-10, aac(6')-Ib, and gyrA genes were also 

screened for resistance to antibiotics, β-lactams, aminoglycosides, and fluoroquinolones, 

respectively, using PCR. Primers for each gene were designed using the NCBI-GenBank 

Database and the Primer3plus primer design software. These primers were prepared by the 

Korean company Macrogen (Brun et a., 2018) (Table 1). 

Detection of S. aureus: 

The ability of S. aureus to form biofilms was detected phenotypically by crystal violet 

staining using a 96-well microtiter plate, and molecularly using PCR to detect the presence of the 

lasR gene, a diagnostic marker for biofilm production by this bacterium. The primers for this 

gene were designed using the NCBI-GenBank Database and the Primer3plus primer design 

software. These primers were prepared by the Korean company Macrogen (Table 1).  

Table (1): Shows the names of the primers, their nitrogenous base sequences, and amplification 

product size 

primers  nitrogenous base sequences(5’→3’) amplification 

product size 

S. aureus 

detection 

F ACGGTCTTGCTGTCACTTATAG 519 bp 

R CACTGGTGTTCCTCCATATCTC 

mec A F AAGTGGAAAATTGGAGTGGAG 130 bp 

R GTAGTTGCCGACGATGAAG 

MRSA F TCCTGCGCTACCAATGACTT 760 bp 

R TGCGACACCAGGATTTGACT 
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Exposure: 

Bacterial suspensions were prepared at a concentration of 0.5 McFarland, with three 

replicates for each isolate and a control group. Using the disk diffusion method, the bacteria were 

cultured on Muller-Hinton agar medium, and the plates were incubated for 24 hours at 37°C. 

After bacterial growth appeared, Each plate was exposed to cold plasma using an argon-powered 

Plasma Jet device at 25°C, with an 11 kV power source, a frequency of 12 kHz, and a gas flow 

rate of 4 liters per minute. The nozzle of the device was directed directly at the center of the 

plate, maintaining a distance of 1 cm between the nozzle and the plate surface (Alkan et al., 

2023). Different time periods (3, 6, and 9) were applied to each isolate. 

Statistical analysis:  

The study results were statistically analyzed to determine significant differences. The Chi-

square test and the LSD test were used, and significant differences were determined at the 5% 

level using the Statistical Package for Social Sciences (SPSS) version. 

Results: 

The phenotypic and biochemical results showed that 15 (15%) isolates were S. aureus, 

distributed among different clinical cases, 60% (6 isolates) from the skin, 40% (4 isolates) from 

the urine, 20% (2 isolates) from the nose, 20% (2 isolates) from the sputum, and 10% (1 isolate) 

from the eyes. Five isolates were molecularly identified using PCR, as the results of the primer 

amplification targeting the 16S rRNA gene showed that all bacterial isolates contained 100% of 

this gene with a product size of 519 bp (Figure 1). 
 

 
Figure (1) IL-1 α amplification 

Antibiotic susceptibility testing : 

The results of the disk diffusion antibiotic susceptibility testing showed that the isolates 

varied in their resistance to the tested antibiotics. The highest resistance rate was 67% to the 
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antibiotic. PCR results also showed that the isolates possessed the RNA 16 gene, which is 

responsible for resistance to β-lactam antibiotics, at 80% (Figure 2). 

 
Figure (2): Agarose gel electrophoresis showing the PCR analysis of the RNA 16 gene in S. 

aureus. M represents the marker ladder with a size of 100-1500 bp, holes (1, 2, 3, 4) show the 

isolates positive for the RNA 16 gene with a PCR result of 576 bp, while hole (5) shows the 

isolate negative for this gene. Electrophoresis conditions: agarose gel (1.5%), potential 

difference (100 V), current (80 A), time (1 h). 

Phytochemical detection of biofilm production was performed using the microtiter plate 

method. Results showed that these isolates were 100% biofilm-forming. Molecular detection 

revealed the mec A gene, responsible for biofilm formation in S. aureus. Results showed that all 

isolates were biofilm-producing and possessed this gene at 100% expression. 

 
Figure (3)Agarose gel electrophoresis showing the PCR analysis of mec A gene in S. aureus. 

M represents the marker ladder with a size of 100-1500 bp, and the wells (S1, S2, S3, S4, S5) 

show the isolates positive for mec A gene with a PCR product of 235 bp. Electrophoresis 

conditions: agarose gel (1.5%), voltage (100 V), current (80 A), time (1 h). 
 

The effect of cold plasma on antibiotic resistance: 

The results showed that the resistance of bacterial isolates to antibiotics decreased as the 

exposure duration increased. Consequently, there was a significant increase in the effectiveness 
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of antibiotics after exposure to cold plasma, as an increase in the diameters of inhibition was 

observed for most antibiotics, as shown in Table (2) and Figure (2). 

Table (2): Diameters of inhibition of antibiotics for S. aureus after exposure  

antibiotics burn infections 

0 3 6 9 

Piperacillin Aa15 Ab16 16Ab 16Ab 

Augmentin 18Ba 18Ba 21Bb 21Bb 

Ceftriaxone 12Ca 19Bb 18Cb 19Cb 

Cefotaxime 18Ba 19Ba Bb22 Bb22 

Imipenem 40Da 40Ca 46Db 47Dc 

Gentamicin 20Ea 20Da Ba20 Ca20 

Amikacin 22Fa 24Eb bE25 bE26 

Ciprofloxacin 13Ga Fb12 Fc13 13Fc 

Levofloxacin 16Ha 18Bb 19Cb Cb19 

LSD 0.91 1.12 1.21 1.2 
 

Effect of biofilm formation in S. aureus : 

The results of exposing bacterial isolates to cold plasma showed a significant 

decrease in the optical density associated with biofilm formation, indicating that cold 

plasma inhibits biofilm formation in direct proportion to the increase in exposure time. 

Significant differences (P < 0.05) were observed between the control group (0 minutes) 

and the treated isolates (3, 6, and 9 minutes). The control group (without exposure) had 

the highest value in biofilm formation, while the isolates treated with plasma for 9 

minutes showed a loss of their ability to form biofilms. Biofilm formation was 

classified as strong (> 0.24), moderate (0.12-0.24), and non-forming (< 0.12) based on 

(Akpor et al., 2024). The optical density (OD) values of the isolates treated with cold 

plasma for different periods (3, 6, 9) minutes were compared with a control group 

(without exposure   )Table 2). 

Discussion: 

The 150 samples collected, 15 isolates (15%) were found to be S. aureus. Ding et al. (2016) 

explained that discrepancies in the prevalence of the bacteria between studies could be due to 

variations in clinical samples, hospitals, populations examined, geographic regions, and 

healthcare practices (Adnan et al., 2023). The isolates in the current study were distributed 

unequally across different clinical settings. This variation in the prevalence of S. aureus may be 

attributed to differences in sample size, study population, length of hospital stay, patient 

exposure to high-risk medical devices, and prescription of antibiotics without antibiotic 

susceptibility testing. The studied isolates demonstrated high resistance to β-lactam antibiotics, 

which is linked to their possession of the blaZ gene, which is responsible for resistance to β-

lactam antibiotics (Jeong et al., 2024). 
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Antibiotic resistance in bacteria poses a serious global health challenge, driven by molecular 

mechanisms such as gene mutations, efflux pumps, enzymatic degradation of antibiotics, target 

site modifications, and biofilm formation. Horizontal gene transfer (HGT) accelerates the spread 

of resistance genes across bacterial populations. These mechanisms contribute to the emergence 

of multidrug-resistant (MDR) strains, rendering conventional antibiotics ineffective. Biofilm 

formation is one of the most important mechanisms of antibiotic resistance in bacteria. The 

isolates in the current study demonstrated a high capacity to form biofilms, which is linked to 

their high 100% presence of the icaD gene, thus explaining their multiple antibiotic resistances 

(Kemal et al., 2025). 

After exposing the studied bacterial isolates to cold plasma, the results of the antibiotic 

susceptibility test for S. aureus showed a significant increase in the diameters of inhibition for 

most antibiotics. This confirms that cold plasma treatment improves the effectiveness of 

antibiotics against S. aureus, and in some cases, the bacteria regain their sensitivity to antibiotics. 

This is consistent with the findings of, which showed that cold plasma treatment enhances the 

effects of various antibiotics in reducing S. aureus, and bacteria can regain their sensitivity to 

antibiotics (Kang et al., 2021). 

Gram-negative bacteria are generally more susceptible to cold plasma than Gram-positive 

bacteria. Gram-negative bacteria have a thinner outer membrane and peptidoglycan layer, and 

the proteins and LPS in the outer membrane are sensitive to ROS molecules. Therefore, cold 

plasma damages the outer membrane, leading to damage to the cell wall and cell membrane. In 

contrast, Gram-positive bacteria are less susceptible to oxidative damage because they lack an 

outer membrane and are covered by a thick layer of peptidoglycan. As a result, cold plasma 

cannot easily damage their cell wall, but the active chemicals they produce can enter the cell and 

cause oxidative damage to intracellular components (18). The results shown in Table (2) showed 

a significant decrease in the ability of S. aureus to form a biofilm. Prolonged exposure time 

rendered the bacteria unable to form a biofilm. The results of our study were consistent with 

those (19, 20). The results showed that longer treatment led to a decrease in the bacteria's ability 

to survive. It showed that increasing plasma exposure time and decreasing distance led to a 

reduction in the number of S. aureus cells in the biofilm (Khosravi et al., 2021). 

Direct bacterial cell injury, disruption of the extracellular matrix, and altered gene 

expression associated with biofilm formation may be the underlying mechanisms for the anti-

biofilm effect of cold plasma, ultimately leading to the elimination of the biofilm. Cold plasma 

affects the essential components of the biofilm. Through lipid oxidation, protein modification 

and degradation, and the disruption of carbohydrate chemical bonds, the EPS is destroyed 

(Mohammed and Al-Marjani, 2024). This biochemical change in the EPS results from oxidation 

processes mediated by ROS and RNS molecules. When the EPS is disrupted, the adhesion of the 

biofilm to the immobilized surface decreases, ultimately leading to disruption of the three-

dimensional biofilm structure or even disintegration (Namini et al., 2023). 
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Conclusion : 

The study found that cold plasma is effective in reducing S. aureus resistance to antibiotics 

and its ability to form biofilms. These results support the idea that PCR technology could be used 

to eliminate pathogenic bacteria instead of antibiotics, thereby treating some diseases associated 

with these bacteria. 

Acknowledgement: 

The authors would like to thank Department of Biology, College of Education, and 

University of AL- Qadisiyah for their support and provide the equipment and tools.  

Declaration of Competing Interest : 

The authors declare that they have no known competing financial interests or personal 

relationships that could have appeared to influence the work reported in this paper. 

References:  

Abbood, H. K.& Hateet, R. R. (2025). Green synthesis of gold nanoparticles (AuNPs) using 

pathogenic bacteria Acinentobacter baumanii with evulation their antibacterial activity. 

Misan Journal for Academic studies, 24(53), 62-72. http://www.misan-

jas.com/index.php/ojs/article/view/852     

Abdulrazzaq , Y. A., Ali, O. A. (2025). Evaluation of galectin-3 and peptidyl arginine deiminase-

4 levels in saliva for periodontal health, gingivitis and periodontitis. Misan Journal for 

Academic studies, 24(53), 15-26. http://misan-jas.com/index.php/ojs/article/view/848  

Adnan, H., R., Hammudi, Hammudi, Y., Salim, A., Alsadoon, Z., Radh, R., Majeed Abbas, I., & 

Hammadi, A.-T. A. (2023). Plasma in Dentistry. Malaysian Journal of Fundamental and 

Applied Sciences, 19, 332-336. https://doi.org/10.11113/mjfas.v19n3.2904  

Akpor, O. B., Ajinde, A. O., & Dayo-Olagbende, O. G. (2024). Non-Thermodynamic 

Equilibrium Plasma, an Oxidation Process for Environmental Protection: Principles, 

Mechanisms, and Prospects. 2024 International Conference on Science, Engineering and 

Business for Driving Sustainable Development Goals (SEB4SDG). 

https://doi.org/10.1109/SEB4SDG60871.2024.10630325  

Alkan, G., Türk Dağı, H., Emiroğlu, M., İpteş, R., Tüter Öz, Ş. K., Kıymaz, M., & Körez, M. K. 

(2023). Evaluation of Staphylococcus aureus Infections in Children [Çocuklarda 

Staphylococcus aureus Enfeksiyonlarının Değerlendirilmesi]. Pediatric Practice and 

Research, 11(2), 53-60. https://doi.org/10.21765/pprjournal.1306689  

Brun, P., Bernabè, G., Marchiori, C., Scarpa, M., Zuin, M., Cavazzana, R., Zaniol, B., & 

Martines, E. (2018). Antibacterial efficacy and mechanisms of action of low power 

atmospheric pressure cold plasma: membrane permeability, biofilm penetration and 

antimicrobial sensitization. Journal of Applied Microbiology, 125(2), 398-408. 

https://doi.org/10.1111/jam.13780  

Ding, C., Yang, Z., Wang, J., Liu, X., Cao, Y., Pan, Y., Han, L., & Zhan, S. (2016). Prevalence 

of Pseudomonas aeruginosa and antimicrobial-resistant Pseudomonas aeruginosa in patients 

http://www.misan-jas.com/index.php/ojs/article/view/852
http://www.misan-jas.com/index.php/ojs/article/view/852
http://misan-jas.com/index.php/ojs/article/view/848
https://doi.org/10.11113/mjfas.v19n3.2904
https://doi.org/10.1109/SEB4SDG60871.2024.10630325
https://doi.org/10.21765/pprjournal.1306689
https://doi.org/10.1111/jam.13780


  
 
 
 
  

 

Misan Journal for Academic Studies 
Humanits, Social and Applied Sciences 

Vole 24 Issue 56 Dec,2025 
 

 

MJAS 

54 

with pneumonia in mainland China: a systematic review and meta-analysis. International 

Journal of Infectious Diseases, 49, 119-128. https://doi.org/10.1016/j.ijid.2016.06.014  

Guo, L., Yang, L., Qi, Y., Niyazi, G., Zheng, J., Xu, R., Chen, X., Zhang, J., Xi, W., Liu, D., 

Wang, X., Chen, H., & Kong, M. G. (2021). Low-Temperature Gas Plasma Combined with 

Antibiotics for the Reduction of Methicillin-Resistant Staphylococcus aureus Biofilm Both In 

Vitro and In Vivo. Life, 11(8), 828. https://doi.org/10.3390/life11080828  

Jeong, E. J., Park, H. M., Lee, D. J., Lee, J., Cho, J. Y., Seo, K. D., Je, S., Jung, M. H., Hwang, 

W. Y., & Kim, K. S. (2024). Clinical application of cold atmospheric-pressure plasma: 

mechanisms and irradiation conditions. Journal of Physics D: Applied Physics, 57(37), 

373001. DOI 10.1088/1361-6463/ad54cf    

 Kang, J. H., Bai, J., & Min, S. C. (2021). Inactivation of indigenous microorganisms and 

Salmonella in Korean rice cakes by in-package cold plasma treatment. International Journal 

of Environmental Research and Public Health, 18(7), 3360. 

https://doi.org/10.3390/ijerph18073360  

Kemal, M., Demeke, G., Adugna, A., Dilnessa, T., Abebaw, A., & Esmael, A. (2025). 

Prevalence, antimicrobial resistance profiles, and determinants of <em>Acinetobacter 

baumannii</em> and <em>Pseudomonas aeruginosa</em> isolates among nosocomial 

infection--suspected patients in the northwestern region of Ethiopia. American Journal of 

Infection Control. https://doi.org/10.1016/j.ajic.2025.03.004  

Khosravi, S., Jafari, S., Zamani, H., & Nilkar, M. (2021). Inactivation of Staphylococcus aureus 

and Escherichia coli biofilms by air-based atmospheric-pressure DBD plasma. Applied 

Biochemistry and Biotechnology, 193, 3641-3650. https://doi.org/10.1007/s12010-021-

03636-3  

Mohammed, R. S., & Al-Marjani, M. F. (2024). DBD plasma as a practical approach to 

sterilization of dental instruments. Physica Scripta, 99(4), 045601. DOI 10.1088/1402-

4896/ad2e5a  

Mumtaz, S., Khan, R., Rana, J. N., Javed, R., Iqbal, M., Choi, E. H., & Han, I. (2023). Review 

on the Biomedical and Environmental Applications of Nonthermal Plasma. Catalysts, 13(4), 

685. https://doi.org/10.3390/catal13040685  

Nam, G., Kim, M., Jang, Y., & Cho, S. (2021). Cold atmospheric pressure microplasma pipette 

for disinfection of methicillin-resistant Staphylococcus aureus. Micromachines, 12(9), 1103. 

https://doi.org/10.3390/mi12091103  

Namini, Y. N., Heidarzadeh, S., Khaledi, A., Abbasi, E., Abbasi, A., & Esmaeili, D. (2019). 

Study on the killing effect of cold atmospheric pressure plasma on MRSA Staphylococcus 

aureusin vitro and in vivo infection model. Malaysian Journal of Microbiology, 15(5), 394–

399. https://doi.org/10.21161/mjm.180295  

Sabah  F, Z., & Kadhim A. A. M. (2025). Estimate of cold plasma on antibiotic resistance and 

biofilm formation in Staphylococcus aureus isolated from clinical cases. (Humanities, Social 

https://doi.org/10.1016/j.ijid.2016.06.014
https://doi.org/10.3390/life11080828
https://doi.org/10.3390/ijerph18073360
https://doi.org/10.1016/j.ajic.2025.03.004
https://doi.org/10.1007/s12010-021-03636-3
https://doi.org/10.1007/s12010-021-03636-3
https://doi.org/10.3390/catal13040685
https://doi.org/10.3390/mi12091103
https://doi.org/10.21161/mjm.180295


  
 
 
 
  

 

Misan Journal for Academic Studies 
Humanits, Social and Applied Sciences 

Vole 24 Issue 56 Dec,2025 
 

 

MJAS 

55 

and Applied Sciences) Misan Journal of Academic Studies , 24(55), 1-14. Retrieved from 

http://www.misan-jas.com/index.php/ojs/article/view/1011   

Shakya, A., Baniya, H. B., Pradhan, S. P., Basnet, N., Adhikari, R., Subedi, D. P., & Regmi, S. 

(2022). Cold plasma as a practical approach to cancer treatment. Plasma Medicine, 12(4). 

DOI: 10.1615/PlasmaMed.2023047628  

Smith, C., Watkins, A., Melvage, A., Lucas, A., Schaer, T., & Freeman, T. (2024). Immune-

modifying cold plasma for treatment of periprosthetic orthopedic infection. The Journal of 

Immunology, 212(1_Supplement), 0842_7823-0842_7823. 

https://doi.org/10.4049/jimmunol.212.supp.0842.7823  

Subrahmanyam, K., Gul, K., Sehrawat, R., Tiwari, B. K., & Sahoo, S. (2024). Cold plasma-

mediated inactivation of microorganisms for the shelf-life extension of animal-based foods: 

Efficiency, mechanism of inactivation, and impact on quality attributes. Food Control, 162, 

110464. https://doi.org/10.1016/j.foodcont.2024.110464  

Sultan, A., & Nabiel, Y. (2019). Tube method and Congo red agar versus tissue culture plate 

method for detection of biofilm production by uropathogens isolated from midstream urine: 

Which one could be better? African journal of clinical and experimental microbiology, 20(1), 

60-66. https://doi.org/10.4314/ajcem.v20i1.9  

Tigabu, A., & Getaneh, A. (2021). Staphylococcus aureus, ESKAPE Bacteria Challenging 

Current Health Care and Community Settings: a Literature Review. Clinical Laboratory(7). 

DOI:10.7754/Clin.Lab.2020.200930 

Vivekanandan, K. E., Kumar, P. V., Jaysree, R. C., & Rajeshwari, T. (2025). Exploring 

molecular mechanisms of drug resistance in bacteria and progressions in CRISPR/Cas9-

based genome expurgation solutions. Global Medical Genetics, 12(2), 100042. 

https://doi.org/10.1016/j.gmg.2025.100042  

Young, M., Walsh, D. J., Masters, E., Gondil, V. S., Laskey, E., Klaczko, M., Awad, H., 

McGrath, J., Schwarz, E. M., & Melander, C. (2022). Identification of Staphylococcus aureus 

penicillin binding protein 4 (PBP4) inhibitors. Antibiotics, 11(10), 1351. 

https://doi.org/10.3390/antibiotics11101351  

 

 
 

 

 

 

 

 

 

http://www.misan-jas.com/index.php/ojs/article/view/1011
https://doi.org/10.4049/jimmunol.212.supp.0842.7823
https://doi.org/10.1016/j.foodcont.2024.110464
https://doi.org/10.4314/ajcem.v20i1.9
https://doi.org/10.1016/j.gmg.2025.100042
https://doi.org/10.3390/antibiotics11101351

