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Abstract 
Staphylococcus aureus a gram-posi�ve coccus and one of the most 

important opportunis�c bacteria that can lead to nosocomial infec�ons. The 

purpose of this study is to explore the distribu�on and prevalence of the Agr 

gene in mul�drug-resistance (MDR) and extensively drug-resistant (XDR) S. 

aureus. 62 isolates performed an�bio�c sensi�vity test. The isolates showed 

66.12% resistance to clindamycin with MIC at range≥4, erythromycin 77.41% 

with MIC at range≥8, ciprofloxacin 19.35% with MIC at range≥4, oxacillin 

75.80% with MIC at range≥4, cefoxi�n 45.16% with MIC at range≥8, 

gentamycin 29.03% with MIC at range≥16, nitrofurantoin 14.51% and MIC at 

range≥128, and tetracycline 75.80% MIC at range≥16. Following the 

extrac�on of genomic DNA from the bacterial isolates, the presence of the 

Agr gene was confirmed. Using specific primers, the Agr genes (Agr1, Agr2, 

Agr3, and Agr4) were successfully amplified and detected in S. aureus.

Keywords: Staphylococcus aureus, Agr gene, Mul�-drug-resistant 

(MDR), Extensively drug-resistant (XDR), An�bio�c sensi�vity test. 
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المستخلص

تعَُدّ المكورات إلعنقودية من البكتيريا الانتهازية التي يمكن أن تؤدي إلى العدوى 

 Agrالمكتسبة في المستشفيات. لذا تهدف هذه الدراسة إلى اكتشاف توزيع وانتشار جين

في السلالات المقاومة المتعددة للأدوية )MDR(  والسلالات المقاومة للأدوية بشكل واسع 

)XDR( من المكورات العنقودية. تم  أجراء اختبار حساسية المضادات الحيوية على 62 

عزلة، حيث أظهرت العزلات مقاومة بنسبة %66.12 للكلايندامايسين وكان الحد الأدنى 

في   )MIC( مع  للإريثروميسين  و77.41%   ،4≤ نطاق  في   )MIC( المثبط  التركيز  من 

و75.80%   ،4≤ نطاق  في   )MIC( مع  للسيبروفلوكساسين  و19.35%   ،8≤ نطاق 

للأوكساسلين مع )MIC( في نطاق ≥4، و%45.16 للسيفوكسيتين مع )MIC( في نطاق 

≥8، و%29.03 للجنتاميسين مع )MIC( في نطاق ≥16، و%14.51 للنيتروفورانتوين 

مع )MIC( في نطاق ≥128، و%75.80 للتتراسايكلين مع )MIC(في نطاق ≥16. وتم 

عزل الحمض النووي الجيني من العزلات البكتيرية، وتم تاكيد وجود جين Agr باستخدام 

في  بنجاح    Agr3 Agr4و  Agr2و  Agr1 جينات  شخصت  أخيرا  و  محددة،  بادئات 

المكورات العنقودية في هذه الدراسة. 

الكلمات المفتاحية: المكورات العنقودية, جين Agr, مقاومة متعددة الادوية 

للمضادات  الحساسية  اختبار   ,)XDR( النطاق للادوية (MDR(, مقاومة واسعة 

الحيوية. 
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Introduction
The rise of mul�drug-resistant (MDR) and extensively drug-resistant 

(XDR) Staphylococcus aureus (S. aureus) poses a significant global health 

challenge (Jiang et al., 2024). This pathogen can cause severe infec�ons, 

including skin abscesses and systemic diseases like bacteremia and 

endocardi�s (Linz et al., 2023). An�bio�c resistance in S. aureus complicates 

infec�on management, leading to higher treatment failures, prolonged 

hospitaliza�ons, and increased mortality. MDR and XDR strains are par�cularly 

significant due to their resistance to most available an�bio�cs. MDR strains 

exhibit resistance to mul�ple an�bio�c classes, while XDR strains are resistant 

to all available an�microbial agents, leaving limited therapeu�c op�ons 

(Marciniak et al., 2024). Gene�c factors like horizontal gene transfer, 

chromosomal gene muta�ons, and virulence factor regula�on contribute to 

this resistance (Mlynarczyk-Bonikowska et al., 2022). The accessory gene 

regulator (Agr) system plays a crucial role in controlling virulence and 

an�bio�c suscep�bility in these resistant strains. The Agr gene in S. aureus 

regulates the expression of virulence factors, including hemolysins, proteases, 

and toxins. It is part of four gene�c groups: Agr1, Agr 2, Agr3, and Agr4. The 

system produces and senses autoinducing pep�des (AIPs) that trigger 

virulence gene expression when bacterial popula�ons reach a certain 

threshold (Fang et al., 2024). The study of the Agr gene in resistant S. aureus 

strains has revealed a complex link between quorum sensing, virulence 

regula�on, and an�bio�c resistance (Cella et al., 2023). Muta�ons or 

polymorphisms in the Agr locus in MDR and XDR strains may alter resistance 

gene expression and enhance resistance evasion. This disrup�on could 

contribute to infec�on persistence and spread, as this system promotes 
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survival under an�bio�c pressure (Raghuram et al., 2022). Understanding 

the distribu�on of Agr types in MDR and XDR S. aureus is crucial for iden�fying 

gene�c markers that predict resistance pa�erns and guiding therapeu�c 

strategies (Raghuram et al., 2022). Targe�ng the Agr system could reduce 

virulence and combat resistance. Studies on highly resistant strains have 

highlighted the need for molecular surveillance and deeper explora�on of 

how regulatory mechanisms influence treatment outcomes (Horswill et al., 

2019). The study inves�gates the molecular characteris�cs of the Agr gene in 

MDR and XDR strains, focusing on the prevalence of Agr 1, Agr 2, Agr 3, and 

Agr 4 in resistant popula�ons. It seeks to understand the role of Agr in MDR 

persistence and pathogenicity in S. aureus. 

Ethical approval 
This study was carried out in accordance with the principles 

outlined in the Declaration of Helsinki. The ethics committee of Health 

and Medical Techniques College (173/3) granted approval for the 

research before any interventions were made, as did the agreements of 

Ghazi Al-Hariri Hospital (No.2643), Al-Kindi Hospital (No.255/3), and Ibn 

Al-Baladi Hospital (No.850/3).

Materials and Methods 

Bacterial isolation 
During the period from January 2024 to April 2024, 62 S. aureus isolates 

were collected from various clinical sources, from pa�ents in selected 

hospitals in Baghdad city, the bacterial iden�fica�on was performed using 
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tradi�onal methods including coagulase tes�ng, catalase, mannitol 

fermenta�on assays and vitek 2 compact system assay. 

Antibiotic Susceptibility Testing
The disc diffusion technique on Mueller-Hinton agar and the an�bio�c 

resistance of the 62 isolated bacteria were performed according to CLSI 

criteria. Concerning clindamycin (CD) 2μg, oxacillin (OX) 1μg,  ciprofloxacin 

(CIP) 5μg,  gentamycin (CN) 10μg,  tetracycline (TE) 10μg, cefoxi�n (FOX) 

30μg, nitrofurantoin (F) 300μg, and erythromycin (E) 15μg. Data analysis and 

interpreta�on were done based on CLSI, 2023 (Bhagaskara et al., 2023).

DNA isolation 
A genomic DNA extrac�on kit prepared by EasyPure® Genomic DNA Kit 

(TransGen, biotech. EE101-01) was used to extract DNA for the bacterial 

isolates under study according to the manufacturer's instruc�ons.

DNA examination 
In order to determine DNA purity, a nanodrop spectrophotometer was 

used to assess the concentra�on of DNA samples that demonstrated acceptable 

integrity at two wavelengths (260 and 280 nm) (Bruijns et al., 2022). 

Molecular diagnosis of the Agr genes in Staphylococcus aureus

 PCR technology was used in this inves�ga�on to iden�fy the Agr genes 

(Agr1, Agr2, Agr3, Agr4). As shown in Table (1).
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Table 1. Oligonucleotide primer sequence and Size amplicon.

Target 
gene 

Ini�al Sequence from 5ʹ to 3ʹ
Product 
Size(bp) 

Reference 

Agr1 
 F-5ʹ- GTCACAAGTACTATAAGCTGCGA-3
 R-5ʹ-ATGCACATGGTGCACATGC -3

441 
(R. Z. T. Ahmed 
et al., 2024)

Agr2     
 F-5ʹ-TATTACTAATTGAAAAGTGGCCATAGC -3ʹ 
R-5ʹ-ATGCACATGGTGCACATGC -3

575 
(R. Z. T. Ahmed 
et al., 2024)

Agr3 F-5ʹ-  GTAATGTAATAGCTTGTATAATAATACCCAG -3 323 
(R. Z. T. Ahmed 
et al., 2024)

Agr4 
R-5ʹ-ATGCACATGGTGCACATGC -3 
F-5ʹ-GTAATGTAATAGCTTGTATAATAATACCCAG -3 
R-5ʹ-CGATAATGCCGTAATACCCG -3 

659 
(R. Z. T. Ahmed 
et al., 2024)

As per the instruc�ons provided by the manufacturer, 12.5 µl of 2x 

EasyTaq® PCR SuperMix, 1 µl each of forward and reverse primers, 4 µl of 

DNA template, and 6.5 µl of nuclease-free water were used to prepare 25 µl 

of the reac�on mixture, as illustrated in Table (2), with the given reac�on 

condi�ons, this combina�on was u�lized to carry out the PCR for gene 

amplifica�on.

Table 2. The optimum condition of detection Agr gene. 

No. Phase Tm (ᵒC) Time No. of cycle 
1- Ini�al Denatura�on 94ᵒC 5 min. 1 cycle 
2- Denatura�on -2 94ᵒC 30 sec.  
3- 

4- 

Annealing 

Extension-1 

57 ᵒC 

72ᵒC 

90 sec. 

60 sec. 

 40 cycle

 
5- Extension -2 72ᵒC 7 min. 1 cycle 

Agarose gel electrophoresis
Following ethidium bromide staining, the extracted DNA and amplified 

PCR fragments were separated on an agarose gel and seen under UV light.
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Statistical analysis section
Every experiment was carried out and recorded in triplicate. The 

standard devia�on numbers were provided alongside the average mean 

values. A�er confirming that the data was homogeneous and normal, the 

Chi-square test was performed to compare the means and determine the 

significance of the data (significant * <0.05; high significant ** <0.01; very 

high significant *** <0.001). R Studio 4.5 was used by OriginLab 2021So�ware 

for the correla�ons and the figures in the sta�s�cal study.

Results and Discussion 
when culturing S. aureus on 7.5% NaCl-containing mannitol salt agar. 

Bacterial colonies are circular in shape, have a non-zigzag edge, and are golden 

in color (Socohou et al., 2021). They undergo fermenta�on to mannitol, 

producing acidic byproducts that lower pH, which causes the material to turn 

yellow. This is regarded as a differen�al analysis between the staphylococcus 

species (Obanda et al., 2022). In addi�on, The physical traits of the isolates 

grown on blood agar were used to make the iden�fica�on (Abdulbaqi et al., 

2023). The bacterial colonies had a convex shape, were shiny, smooth, had 

rounded edges, and were white in appearance. They were also star�ng to turn 

golden yellow and totally β-hemolysis type (Tang et al., 2024). Microscopic 

analysis of slides containing colonies stained with gram-stain revealed that 

gram-posi�ve bacteria create non-spore-forming, dark purple clusters that 

resemble bunches of grapes (Cao et al., 2021). Addi�onally, all isolates yielded 

nega�ve results for the oxidase test, posi�ve results for the catalase test, and 

ini�al posi�ve results for the coagulase test, which was conducted using the 

tube method when a layer appeared inside the tube, indica�ng the ability of 
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bacteria to produce the plasma coagulant enzyme and work to convert 

fibrinogen to fibrin. These biochemical tests were approved for the diagnosis 

of S. aureus bacteria (Petrillo et al., 2021). Because it may spread illness and 

has many drug resistances, S. aureus is one of the most harmful bacteria that 

can infect hospitals and the general public (Vi�orakis et al., 2023).

The results of the study demonstrated that among an�bio�cs, ciprofloxacin 

(79.03%), nitrofurantoin (59.67%), and cefoxi�n (54.83%) have the greatest 

percentages of inhibitory ac�vity against S. aureus. On the other hand, the lowest 

percentages were for tetracycline (24.19%) and erythromycin (12.90%). Among the 

an�bio�cs that S. aureus tested, erythromycin (77.41%), oxacillin (75.80%), and 

tetracycline (75.80%) exhibited the highest levels of resistance, while the lowest 

percentages were found for ciprofloxacin (19.35%) and nitrofurtoin (14.51%). 

Penicillin-binding proteins, such as penicillin’s and cephalosporins, are 

altered by the expression of the mecA gene, which causes methicillin 

resistance. An�bio�c resistance can also result from other processes, such as 

the synthesis of beta-lactamases, which degrade beta-lactam an�bio�cs (Ali 

et al., 2021).Nevertheless, no sta�s�cally significant correla�on was found 

between the types of samples and the an�bio�c resistance pa�ern examined, 

indica�ng that the source of infec�on may not have an impact on the 

effec�veness of the an�bio�c in this par�cular study, and the outcomes 

supports this research (Hanif et al., 2019).Ciprofloxacin and nitrofurantoin 

were shown to have the lowest level of resistance to S. aureus in this specific 

study. In our inves�ga�on, the resistance rate to ciprofloxacin was 19.35%; 

this is in close agreement with the 14.6% found in another study (Patoli et 

al., 2018). However, our study's 14.51% nitrofurantoin resistance rate 

deviates from another study's 8.3% reported resistance rate (Singh et al., 
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2019). Conversely, S. aureus displayed high levels of resistance to an�bio�cs 

that target the forma�on of proteins and cell walls, such as erythromycin, 

tetracycline, and oxacillin. Mul�-drug resistance (MDR) was found in 32 

(51.61%) of the 62 S. aureus isolates, which is in good agreement with the 

55% MDR found in earlier research (Suma et al., 2023). 

The percentage of Agr1, Agr2, Agr3, and Agr4 presence for S. aureus 

bacteria was 10 (21.27%), 1 (2.12%), 21 (44.68%), and 3 (6.38%) as presented 

in Table (3). According to the results of the electrophoresis, the generated 

bands had a molecular weight of 441, 575, 323, and 659 base pairs, according 

to a comparison of the mul�plied bands and the volumetric index as 

demonstrated in Figure (1). 

Table 3. The prevalence of genes among sample sources  

Source Agr1 Agr2 Agr3 Agr4 no Agr
Abscess 3 0 1 0 2
Aspira�on 0 0 0 0 1
Blood 0 0 0 0 1
Burns 1 0 1 1 2
Csf 0 0 1 1 0
ear swab 0 0 3 0 0
Fluid 0 0 2 0 0
Nasal swab 0 0 1 0 0
Pus 2 0 0 0 2
Sputum 1 0 2 0 0
Tissue 1 0 2 0 0
Urine 2 0 3 0 1
vaginal swab 0 0 1 0 0
Wound 0 1 4 1 3
Total (N=47) 10 1 21 3 12
P-value 0.3NS 0.3NS 0.4NS 0.4NS 0.3NS
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The sta�s�cal analysis evaluates the rela�onship between the sample 

sources and the different types of Agr genes (Agr1, Agr2, Agr3, and Agr4). 

The Chi-square test results indicate no sta�s�cally significant associa�on 

between the sample sources. All p-values for the tests exceeded 0.05. And 

this result corroborates previous research (Xu et al., 2021)

The statistical analysis evaluates the relationship between the 
sample sources and the different types of Agr genes (Agr1, Agr2, 
Agr3, and Agr4). The Chi-square test results indicate no 
statistically significant association between the sample sources. 
All p-values for the tests exceeded 0.05. And this result 
corroborates previous research (Xu et al., 2021) 
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Figure 1: Electrophoresis of the Agr1, Agr2, Agr3, and Agr4 genes of S. aureus PCR 
reaction outcomes at a 441 bp, 575 bp, 323 bp, and bp product size. A DNA marker 

ladder (100-1500 bp) and a 2% agarose gel were utilized at 70 volts for 60 min.
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The current study is closely agreed with the results of (Derakhshan et 

al., 2021), who showed that the percentage of the Agr1 presence in 

staphylococcal bacteria was 20%, which is in close agreement with the  10 

(21.27%). Agr2 was 1 (2.12%), but in another research the prevalence was 

found to be 53%, which is significantly higher. And the prevalence of Agr3 

was 21 (44.68%), which is greater than the 35% reported in a different study 

( Ahmed et al., 2024). This indicates a variability in the distribu�on of Agr 

system among different S. aureus isolates. Agr4 was 3 (6.36%), slightly lower 

than the 8.3% observed in the previous study (Maleki et al., 2019). Some 

factors, like the regional variance and the sample size, influence the 

fluctua�ons (Yoon et al., 2007).  The classifica�on levels (MDR and XDR) are 

substan�ally correlated with the presence of Agr gene types, according to 

the chi-square test, which yields highly  sta�s�cal significance with an overall 

p-value of 0.01. Table (4) presented the correla�on between the an�bio�c 

classifica�ons and gene type.

Table 4: The correlation between the antibiotic classifications and gene type.

Classifica�on Agr1  Agr2 Agr3 Agr4 no Agr

MDR 9 0 14 1 8

XDR 1 1 7 2 3

  Total (N=46) 10 1 21 3 11

P-value                          0.01**

The study conducted by la�fpour et al (La�fpour et al., 2022) showed 

that S. aureus had Agr1 of 16 isolates (29.09%), Agr2 of 30 isolates (54.54%), 

Agr3 of 6 isolates (10.9%), and Agr4 of 3 isolates (5.45%) out of 55 isolates. 

Najafi Olya et al (Najafi Olya et al., 2021) found that the rate of regula�on of 

the virulence genes Agr1 in the resistance S. aureus was 14 (50%), Agr2 was 
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3 (10.7%), Agr3 was 10 (35.8%), and Agr4 was 1 (3.5%) of a total of 28 isolates. 

Furthermore, the current result differed from the research carried out by 

(Bibalan et al., 2014), who showed that the percentage of Agr1 presence in 

bacteria was 5% and the percentage of Agr3 presence was 55%. But in the 

inves�ga�on of (Abbasian et al., 2018) the presence rate of Agr1 was 131 

isolates (78.4%), Agr2 was 17 isolates (10.2%), and Agr3 reached 8 isolates 

(4.8%). A finding from the study of ( Ahmed et al., 2022)2022 provide evidence 

that the presence rate of Agr1 reached 82 isolates (55%), Agr2 was 37 isolates 

(25%), Agr3 reached 10 isolates (7%) and Agr4 was 21 isolates (14%). 

Mul�ple genes involved in S. aureus bacterium pathogenicity, including 

coagulase, lipase, toxic shock syndrome type T, leucocidin, a and β-hemolysin, 

and fibronec�n-binding protein, have been linked to the Agr regulator, 

according to the study of (Enwuru et al., 2023). Based on research findings, 

each group of Agr regulators mediates a number of diseases, including 

impe�go and exfolia�ve toxin (eta etb) encoded by Agr4, enterotoxins (Seg, 

Sei, Sem, and Seo) encoded by Agr1 and Agr2, leukotoxic-lethal genes LukF-

PV and LukS-PV, and toxic shock syndrome genes (TST) regulated by Agr1, 

Agr2, and Agr3 (Horswill et al., 2019). According to study, the typing method 

is now crucial for determining the gene�c rela�onships between bacterial 

strains, categorizing bacteria according to their epidemiology, loca�ng 

infec�on sources and methods, iden�fying high-virulence bacterial strains, 

and trea�ng them to stop them from spreading (Furuya et al., 2023). By 

using the Agr technique to type the S. aureus under inves�ga�on, the gene�c 

link was discovered and recognized. The Agr method sequences were 

discovered to be distributed across several areas of the bacterial genome, 

including Agr1, Agr2, Agr3, and Agr4 (Pereira et al., 2022). The present 
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study's findings demonstrated that bacterial isolates from various clinical 

sources had gene�c rela�onships with one another.

Conclusions 
This study emphasizes the serious threat that S. aureus poses due to its 

high level of an�bio�c resistance and its widespread in hospitals and public 

se�ngs. The study iden�fies the Agr gene types (Agr1, Agr2, Agr3, and Agr4) 

and provides insight into the molecular mechanisms underlying S. aureus 

pathogenicity. The research discovered no significant correla�on between 

sample sources and an�bio�c-resistant pa�erns, despite the fact that more 

than half of the isolates had high levels of mul�drug resistance (MDR). This 

suggests that the origin of the illness may not have an effect on how well 

treatments work. The results highlight the significance of con�nuous 

monitoring of an�bio�c resistance and the importance of molecular methods 

such as Agr typing to comprehend the gene�c connec�ons among bacterial 

strains and direct the crea�on of more potent treatment approaches to stop 

the spread of this infec�on. 
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