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Introduction 

Infections stemming from methicillin-

resistant Staphylococcus aureus (MRSA) 

strains are pervasive in both societal and 

hospital settings, primarily attributable to 

Staphylococcus aureus' capacity to colonize 

areas like the nose or skin, subsequently 
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Staphylococcus aureus (S. aureus) is an important pathogen that 
is involved in causing various infections. The most important 
problem in the treatment of staphylococcal infections is the 
increasing drug resistance of these bacteria. In this research, the 
presence of efflux pump genes in methicillin-resistant 
Staphylococcus aureus strains isolated from clinical samples was 
investigated. 73 MRSA were collected and confirmed 
phenotypically and biochemically. PCR was performed by 
checking the presence of mecA, vanA, norA, norB, and norC genes. 
All 73 clinical samples underwent meticulous confirmation, 
unequivocally establishing their classification as Methicillin-
Resistant Staphylococcus aureus (MRSA). Delving into the 
antibiotic resistance landscape, a substantial portion of the MRSA 
strains (58.90%) manifested resistance to ciprofloxacin, with the 
norA gene emerging as the predominant contributor in 25 
instances (58.13%). Frequency of vanA genes among isolated 
MRSA was 5 (6.84%). Furthermore, a nuanced genetic 
complexity was unveiled as certain MRSA isolates exhibited the 
presence of all three norA, norB, norC genes concurrently, or 
alternatively, the co-occurrence of two among them. This 
intricate molecular profile accentuates the multifaceted nature of 
antibiotic resistance mechanisms within the MRSA population 
under scrutiny, underscoring the need for a comprehensive 
understanding to inform targeted therapeutic interventions. The 
presence of vanA and efflux pump resistance genes among the 
studied isolated MRSA is a warning for the spread of MDR strains 
in clinical isolates. This current study further underscores the 
peril associated with such infections within hospital systems. 
Given the elevated clinical significance of these infections, it 
becomes imperative to prioritize the awareness of healthcare 
professionals. Consequently, enhancing the vigilance and 
preparedness of medical practitioners becomes paramount in 
addressing the evolving landscape of antimicrobial resistance 
within healthcare settings. 
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precipitating disease dissemination. 

Staphylococci have emerged as a leading 

cause of hospital-acquired infections, with 

the surge in drug-resistant strains, 

particularly MRSA, posing a formidable 

challenge in treating and controlling these 

infections [1]. Initial studies indicated 

minimal MRSA resistance to ciprofloxacin, 

showcasing efficacy in treating experimental 

MRSA endocarditis. However, recent reports 

signal an escalating resistance trend [2]. 

The global rise in antimicrobial resistance, 

notably among hospital pathogens, is a 

contemporary concern. Multidrug-resistant 

Staphylococci present an escalating threat to 

human health [3]. The principal resistance 

mechanism in MRSA strains against penicillin 

involves beta-lactamase production, which 

hydrolyzes the penicillin beta-lactam ring, 

rendering it inactive. Another mechanism 

entails the penicillin-binding protein PBP2a, 

encoded by mecA2 [4]. 

The MFS efflux system, particularly the 

norA gene, emerges as a pivotal player in 

Staphylococcus aureus. Encoding a 388-amino 

acid protein organized into 12 transmembrane 

segments, NorA shares 24% similarity with the 

Tet (A) efflux pump in E. coli [5-6].The NorB 

efflux pump confers resistance to various NorA 

substrates, encompassing hydrophilic 

fluoroquinolones, biocides, and dyes. 

Similarly, NorC, encoded by norC, shares 

structural homology with NorB and is 

associated with low-level resistance to diverse 

fluoroquinolones and dyes [7-8]. 

There are different mechanisms in bacteria 

related to ciprofloxacin resistance which 

included mutations on gyrA, T83I, D87Y, mexZ, 

UmuC, qnr, and other genes.  This study delves 

into efflux pump genes in ciprofloxacin-

resistant MRSA isolates from clinical samples 

across diverse hospital departments affiliated 

with Tehran University of Medical Sciences. 

Emphasizing the urgency of this matter, the 

research sheds light on the intricacies of 

antibiotic resistance mechanisms, paving the 

way for informed interventions in the face of 

this evolving healthcare challenge. 

Materials and methods 

Collection of Clinical Samples 

 

73 culture plates were prepared from clinical 

samples suspected of methicillin-resistant 

Staphylococcus aureus (MRSA) obtained from 

different departments of the hospitals 

affiliated to Tehran University of Medical 

Sciences in 2022-2023. These samples were 

obtained from the hospital laboratory. 

Phenotypic confirmation of Staphylococcus 

aureus isolates 

All submitted plates were isolated on Blood 

agar and Nutrient agar. After observing 

hemolysis type on Blood agar, Gram staining, 

catalase test, coagulase differentiation test, 

urease test, mannitol fermentation test, DNase 

test, and coagulase test were performed. 

Determination of antibiotic sensitivity by the 

disk diffusion method 

Isolates confirmed as Staphylococcus aureus 

were cultured on NA medium and incubated at 

37 degrees Celsius for 18-24 hours. A pure 

colony from the fresh culture was added to 

0.9% physiological saline solution to create a 

turbidity equivalent to half McFarland. The 

microbial suspension with a half McFarland 

turbidity was streaked on Muller-Hinton agar 

in three directions. After a few minutes, 

antibiotic discs including Amoxicillin (An), 

Trimethoprim-sulfamethoxazole (SXT), 

Cefazolin (CZ), Ceftriaxone (CRO), 

Ciprofloxacin (CP), Erythromycin (E), 

Imipenem (IPM), Cefotaxime (CTX), 

Clindamycin (CC), Cloxacillin (CX), 

Vancomycin (V), Cefoxitin (FOX), and Linezolid 

(LZV) were placed on Muller-Hinton agar at a 

distance of 24 mm from each other. The results 

for the discs were recorded as sensitive (S), 

intermediate (I), and resistant (R). Strains 
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resistant to ciprofloxacin were further 

investigated for the presence of norA, norB, 

and norC genes (Figure 1). 

 

 

 
FIGURE 1 Sensitivity (on the right) and resistance (resistance) to ciprofloxacin results 

Genomic DNA Extraction 
 

Genomic DNA extraction was performed using 

the Boiling method: 

1. Bacteria were cultured in TSA medium and 

incubated for 24 hours at 37 °C. 

2. A pure colony of bacteria was dissolved in 

400 microliters of sterile distilled water. 

3. The bacterial suspension was placed in a 

Thermo block device at 100 °C for 20 minutes. 

4. The bacterial suspension was centrifuged 

at 13,000 rpm for 10 minutes. 

5. Approximately 300 microliters of the 

supernatant were transferred to a sterile 

microtube and stored in a -20-degree 

centigrade freezer for PCR testing. 

PCR Test 

For the PCR test, after obtaining the desired 

primers (Table 1), necessary materials for the 

PCR assay and under the specified 

temperature conditions (Table 2), the test was 

conducted using the PeQlab thermal cycler 

model peQSTAR. The PCR product was then 

tracked by electrophoresis on a 1% agarose 

gel with X5/0 TBE buffer, at a voltage of 103 

volts for approximately 37 minutes. Finally, 

the gel image was prepared using a gel 

documentation system. Optimization of PCR 

conditions was carried out in a volume of 20 

microliters. 
 

TABLE 1 Primers sequencing 

Genes Sequence (5´ to 3´) Amplicon Size (bp) Ref. 

mecA-F AAAATCGATGGTAAAGGTTGGC  

533 

 

9 mecA R AGTTCTGCAGTACCGGATTTGC 

vanA-F GGCAAGTCAGGTGAAGATG  

713 

 

10 vanA-R ATCAAGCGGTCAATCAGTTC 

norA-F GTGGTATGAGTGCTGGTATGG 160  

 

 

11 

norA-R GAAACTTCTGCCATAAATCCACC 

norB-F CAAACACTCGGATGCAAGAAAC  

260 nor8-R GACGCCAAATGCTCCACC 

norC-F TGGGTTGGAGATGGATTTTC  

131 norC-F ACAATTAGCCCTGCAACGTC 
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TABLE 2 Polymerase chain reaction temperature conditions 

 Reaction stage Temperature Time Repetitions 

1 Predenaturation °C 95 5' 1 

2 

Denaturation °C95 30" 

35 Annealing 
Gene 

Dependent* 
1' 

Extension °C 72 1' 

3 Final Extension °C 72 5' 1 
 

**mecA و vanA: 58 °C 

* norA, norB, norC: 57.5 °C 
 

 

Statistical analysis 

Descriptive information was analyzed using the 

frequency test and determination of means. 

Qualitative analysis was performed using the 

χ2 test in SPSS software version 21. A 

significance level of P < 0.05 was considered for 

statistical significance. 

Results 

In this inquiry, a total of 73 samples were 

scrutinized, revealing a gender distribution of 

42 (54.57%) from males and 31 (46.42%) from 

females. Phenotypic and biochemical tests 

definitively verified the presence of 

Staphylococcus aureus. To ascertain methicillin 

resistance and identify Methicillin-Resistant 

Staphylococcus aureus (MRSA), cefoxitin disks 

were employed. Subsequently, all strains 

confirmed as methicillin-resistant were 

unequivocally categorized as MRSA. Despite 

the comprehensive analysis, no statistically 

significant association surfaced between 

gender and MRSA prevalence, as indicated by a 

P-value of 0.1. This underscores the need for 

further exploration and nuanced 

considerations in unraveling the factors 

contributing to MRSA incidence, extending 

beyond gender-based correlations. 

Prevalence of MRSA in different hospital 

departments 

The results of the investigation into the 

average prevalence in various hospital 

departments indicate that the Intensive Care 

Unit (ICU) had the highest number of clinical 

samples suspected of MRSA, with 25 cases 

(24.34%), while the Ear, Nose, and Throat 

(ENT) department had the lowest with 1 

case (1.36%). The findings are presented in 

Table 3. 

The collected samples, categorized based 

on their source (site of sample acquisition), 

are presented in Table 4. The highest 

prevalence of MRSA isolates, 21 cases 

(77.28%), was found in wound samples, 

while synovial fluid exhibited the lowest 

prevalence with one case (1.36%). A 

significant correlation was observed 

between the prevalence of MRSA and 

hospital departments (P = 0.008). 
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TABLE 3 Departments of the studied hospital 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

TABLE 4 Different sources of clinical samples 

Clinical samples Number  Percent  

 Wound 21 28.77 

Blood 20 27.40 

Tracheal 10 13.70 

Urine 9 12.33 

Abscesses 6 8.22 

CSF 4 5.48 

Pleura 2 2.74 

Synovial 1 1.36 

 

Determination of Antimicrobial Sensitivity 

Pattern 

Based on the antibiotics listed in CLSI 2022, 

an antibiogram was conducted using the 

Kirby-Bauer method. The results indicated 

that all strains were sensitive to Linezolid 

and Vancomycin (100%) and resistant to 

Cefoxitin (100%). The findings are 

presented in Table 5. 

 

 

 

 

 

Department Number of samples Percent 

ICU 25 34.24 

 Burn 16 22 

Surgery 8 10.95 

 Orthopaedic 7 9.58 

Neurosurgery ward 5 6.84 

 Oncology 3 4.10 

Paediatric 3 4.10 

NICU 3 4.10 

Outpatient 2 2.73 

ENT 1 1.36 
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TABLE 5 Antimicrobial sensitivity by disc diffusion method 

 

Antibiotic Sensitive Resistant 

Number (%) 

Amoxicillin (An) 30 µg 33(45.20) 40(54.80) 

Trimethoprim-sulfamethoxazole 
(SXT) 5 µg 

6(8.22) 67 (91.87) 

Cefazolin (CZ) 30 µg 10(13.7) 63 (86.30) 

Ceftriaxone (CRO) 30 µg 2 (2.74) 71(97.26) 
Ciprofloxacin (CP) 5 µg 30(41.09) 43(58.90) 

Erythromycin (E) 15 µg 1 (1.36) 72(98.64) 
Imipenem (IPM) 10 µg 36(49.31) 37(50.69) 

Cefotaxime (CTX) 30 µg 12(16.44) 61(83.56) 
Clindamycin (CC) 10 µg 7(9.59) 66(90.41) 

Cefoxitin (FOX) 30 µg 0(100) 73(100) 
Cloxacillin (CX) 1 µg  1 (1.36) 72(98.64) 

Vancomycin (V) 30 µg 73(100) 0(0) 
Linezolid (LZD) 10 µg 73(100) 0(0) 

 

Molecular Identification of MRSA and detection of 

mecA, vanA, norA, norB, and norC Genes 

In this investigation, a comprehensive analysis 

was conducted on 73 clinical isolates of 

Methicillin-Resistant Staphylococcus aureus 

(MRSA) obtained from three prominent Tehran 

hospitals. Polymerase Chain Reaction (PCR) 

was employed to scrutinize the genetic 

landscape associated with their 

epidemiological characteristics, with a 

particular focus on mecA, vanA, norA, norB, and 

norC genes. All isolates demonstrating 

resistance to cefoxitin underwent molecular 

assessment for the presence of the mecA gene, 

revealing that every single one harbored this 

key genetic marker (Figure 2). The disc 

diffusion method is not a suitable method for 

detection of vancomycin resistance strain, and 

in this research, the existence of gene vanA was 

investigated by PCR method. In addition, the 

investigation into vancomycin resistance in 

MRSA isolates, as determined by disk diffusion, 

unveiled that 5 isolates (6.84%) of MRSA 

carried the vanA gene, underscoring the 

prevalence of vancomycin resistance within 

this subset. 

Among the MRSA isolates, a noteworthy 

90.58% exhibited resistance to 

ciprofloxacin. The distribution of nor genes 

in ciprofloxacin-resistant samples revealed 

that the norA gene was present in 25 

(58.13%) isolates, norB in 13 (23.30%), and 

norC in 12 (20.27%). Within the subset of 

neither ciprofloxacin-resistant isolates 

harboring nor genes, a striking 60.6% 

simultaneously carried all three norA, B, and 

C genes. These multifaceted isolates were 

sourced from diverse departments, 

including surgical, Neonatal Intensive Care 

Unit (NICU), and pediatric units, originating 

from samples such as urine and 

cerebrospinal fluid. Moreover, another set of 

isolates (60.6%) concurrently harbored 

both norA, B genes, sourced from ICU, 

pediatric, and dermatology departments, 

and originating from wound and urine 

samples. Similarly, a distinct group (60.6%) 

simultaneously carried both norB, C genes, 

associated with burn, surgical, and oncology 

departments, and sourced from blood and 

abscess samples. Intriguingly, the 

simultaneous presence of only two norA, C 

genes was not observed in any of the 

isolates. Detailed results pertaining to these 

genetic findings are visually depicted in 

Figures 3 to 6, offering a comprehensive 

insight into the intricate genetic profiles of 

the examined MRSA isolates. 
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FIGURE 2 Electrophoresis result of mecA gene, size: 533 bp, M: 100 bp leader, P: positive control 

of Staphylococcus aureus ATCC25923, N: negative control (D.W, mecA gene primers, Mastermix), 

1, 2, 3, and 4: contain the desired gene. 

 
FIGURE 3 The result of vanA gene electrophoresis, band size bp 713, Marker 100 bp: M, P: 

positive control of Entrococcus faecalis strain PTCC 1394, N: negative control (D.W, vanA gene 

primers, Mastermix), 1,2,...,6: contain the desired gene 
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FIGURE 4 NorA gene electrophoresis result, band size 160 bp, Marker 100 bp:M, P: positive 

control of S. aureus strain ATCC 43300, N: negative control (D.W, norA gene primers, Mastermix), 

1,2,..., 6: contain the desired gene 

 
FIGURE 5 NorB gene electrophoresis result, band size 260 bp, Marker 100 bp: M, P: positive 

control of S. aureus strain ATCC 43300, N: negative control (D.W, norB gene primers, Mastermix), 

1,2,...,6 : contain the desired gene 
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FIGURE 6 NorC gene electrophoresis result, band size 131 bp, Marker 100 bp: M, P: positive 

control of S. aureus strain ATCC 43300, N: negative control (D.W, norC gene primers, Mastermix), 

1,2,..., 6: contain the desired gene 

 

Discussion 

Staphylococcus aureus is one of the most 

significant pathogenic bacteria and one of the 

four major causes of nosocomial infections. 

The other bacterial agents included E.coli, 

Pseudomonas, and klebsiella. This bacterium 

is both toxigenic and pathogenic in humans, 

contributing to morbidity and mortality, 

especially in immunocompromised and 

patients with underlying conditions. Toxins 

produced by Staphylococcus aureus include, 

cytolitic toxin, epidermolytic toxin, 

pyrogenic toxin, and enterotoxin (12). In this 

study, the male population demonstrated a 

higher susceptibility to MRSA infection at 

54.57% compared to females. The current 

study did not find a significant correlation 

between age, gender, and MRSA infection, 

while some studies have reported no 

significant association between gender and 

MRSA infection (13). Others have suggested 

a higher prevalence of this infection in young 

individuals, while some studies have 

associated it with the elderly (14). In 

addition, specific studies have considered 

men (15), especially rural men (16), to be 

more susceptible to MRSA infections. Thus, it 

can be inferred that while most studies claim 

no significant relationship between gender 

and age with MRSA infection, occasional 

studies suggesting a meaningful correlation 

may be influenced by anatomical factors, 

hygiene practices, environmental 

experiences, stress, and exposure to risk. 

Some studies have reported a higher 

incidence of MRSA infections in rural 

populations compared to urban areas. This 

could be attributed to the demanding work in 

rural areas, such as agriculture, inadequate 

personal hygiene practices, and the absence 

of surgical units in rural hospitals. Hospitals 

are one of reason for spreading of MRSA is 

Sewage pollution in environment. Factors 

such as the age range of individuals seeking 

medical attention, the presence of 

underlying diseases, the hospitalization 

duration, and adherence to hygiene and 

personal care principles in contact with 

patients may play a role in establishing this 

correlation. 

The study focused on isolating MRSA from 

various samples in different hospital 

departments, with the ICU having the highest 

MRSA isolation rate at 24.34%. Concerning 

the unique conditions of the ICU and the 
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patients admitted, it emphasizes the need for 

fundamental strategies and adherence to 

health care principles. In a study conducted 

in Mashhad (2016), out of a total of 7335 

bacteria isolated from hospitalized patients 

at Imam Reza Hospital, the prevalence of 382 

MRSA cases was reported (7.41%) (17). 

Studies by Madani in Saudi Arabia and Udo in 

Kuwait have reported that most MRSA 

isolates were obtained from blood and 

wound cultures from burn and ICU 

departments, with prevalence rates of 11% 

and 12%, respectively (18,19). The results of 

this study, when compared with similar 

studies, indicate that the prevalence of MRSA 

strains in ICU, NICU, and burn units is 

generally higher than in other departments. 

This could be due to the prolonged 

hospitalization of patients in these units, 

multiple concurrent illnesses, excessive use 

of antibiotics for infection treatment, 

aggressive therapeutic approaches, and the 

transfer of colonized patients from one 

hospital to another. These risk factors 

increase colonization, leading to the 

emergence of resistant strains. Therefore, 

increased surveillance and the 

implementation of effective infection control 

measures in these departments are 

necessary and crucial. 

MRSA strains are currently a significant 

health concern. Given the widespread 

prevalence of MRSA, the treatment approach 

has shifted to vancomycin. Since the 1980s, 

vancomycin has become the drug of choice 

for treating severe MRSA infections in many 

healthcare facilities. However, the 

worrisome emergence of Staphylococcus 

aureus strains with reduced sensitivity to 

vancomycin and other glycopeptides has 

been noted (3). The results of antimicrobial 

tests in this study indicate multidrug 

resistance in these isolates. All MRSA isolates 

were resistant to cefoxitin and susceptible to 

linezolid. In the study by Rezazadeh, all 

MRSA strains were resistant to penicillin and 

susceptible to mupirocin (20). Asghari et al. 

reported the highest resistance to penicillin 

(96.6%) and erythromycin (45%) among 

MRSA isolates from clinical samples (21). 

Haddadi et al., in their 2016 study on clinical 

samples, showed that out of 250 clinical 

samples, 52 isolates of Staphylococcus 

aureus were identified, and antibiotic 

sensitivity results indicated that 68% (34 

samples) were resistant to methicillin, with 

24% (12 samples) resistant to ciprofloxacin 

(22). Rahimi reported a 30% prevalence of 

methicillin-resistant strains in three referral 

hospitals in Tehran (23). The highest 

antibiotic resistance in this study was 

reported against penicillin, clindamycin, 

tobramycin, and tetracycline, respectively. 

The data suggest that the primary cause of 

the high prevalence of MRSA strains in 

hospitals and the reduced prevalence of 

susceptible strains may be due to the 

unnecessary prescription of various 

antibiotics for patients in hospitals or 

communities. Therefore, several specific 

genes in MRSA strains may adapt to hospital 

environments and continue to grow more 

than other strains developed in hospitals. 

In conclusion, the emergence and 

prevalence of MRSA strains in hospital 

settings are influenced by various factors, 

including patient demographics, hospital 

unit conditions, and antibiotic prescription 

practices. The study highlights the need for 

enhanced surveillance, rigorous infection 

control measures, and a reassessment of 

antibiotic prescription practices to address 

the increasing resistance observed in MRSA 

strains. 

In the present study, 5 (6.84%) of the 

isolated MRSA strains were found to carry 

the vancomycin resistance gene. A three-

year study conducted in Iran on the 

prevalence of VRSA among Staphylococcus 

aureus isolates from 1393 to 1396 revealed 

that out of 1798 samples, four isolates 

(0.22%) were VRSA (24), and two isolates 

(0.11%) were VISA. In a surveillance study, 

all MRSA strains obtained were sensitive to 
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vancomycin, with the highest resistance 

(4.84%) (25). observed against 

erythromycin. In a review study conducted 

by Nadri Nasab et al. until 2011, 29 cases of 

VRSA with the van gene were reported 

worldwide, including 12 cases from the 

United States, 16 cases from India, and one 

case from Iran (26). A study in Nigeria 

demonstrated that 277 out of 355 tested 

Staphylococcus aureus isolates (6.76%) were 

sensitive to vancomycin (27). 

In Ethiopia, a study conducted in 2016 on 

1360 samples revealed that out of 194 

Staphylococcus aureus isolates, 34 (5.17%) 

were MRSA, and 10 (1.5%) showed 

resistance to vancomycin (28). A study in 

Shahid Beheshti Hospital in 2013, using the 

Agar method and PCR, identified five VISA 

isolates and one VRSA isolate among 63 

clinical isolates with MIC ≥16μg/ml and the 

presence of the vanA gene (29). 

Concerning the primary necessity to 

investigate vancomycin resistance through 

MIC, and using vancomycin disks in our 

study, it is possible that transitioning to the 

E-test strip could alter resistance results or 

reveal intermediate states, given the 

presence of the vanA gene in five MRSA 

isolates. Despite this, the study results 

indicate that the prevalence of susceptible 

strains or VISA with the vanA gene poses a 

significant risk for antibiotic resistance and 

the treatment of MRSA. 

Various mechanisms contribute to 

antibiotic resistance in Staphylococcus 

aureus, with one important mechanism being 

the presence of efflux pumps in the bacteria. 

Over the past two decades, resistance of 

efflux pumps to fluoroquinolones such as 

ciprofloxacin, norfloxacin, and sparfloxacin 

has been described in clinical isolates of 

Staphylococcus aureus. Nor is a member of 

the efflux pump family, and the expression 

levels of nor efflux pump genes vary among 

different strains (30). In this study, 43 

(90.58%) of MRSA showed resistance to 

ciprofloxacin. The frequency of the norA 

gene in ciprofloxacin-resistant samples was 

13.58%, norB was 23.30%, and norC was 

90.27%. Simultaneous presence of all three 

efflux pump genes or pairs of them was 

observed in some isolates. 

In a study conducted in 1402, out of 100 

clinical samples, 36 isolates of 

Staphylococcus aureus were recovered, with 

sensitivity tests indicating that 20 of them 

were resistant to ciprofloxacin. Fifteen 

isolates were resistant to norfloxacin, and 

one isolate was resistant to ofloxacin. 

Moreover, the norA, norB, and norC genes 

were found in 58%, 30%, and 27% of 

ciprofloxacin-resistant isolates, respectively 

(31). Other studies showed varying 

resistance frequencies, possibly due to 

different patient criteria in sample collection 

(32,33). 

Another study by Afzal et al. showed that 

56% of S. aureus isolated from eye infections 

were phenotypically resistant to 

ciprofloxacin. Also, 21.42% of resistant 

isolates have a high expansion in the norB 

gene (34). The results are slightly different 

from our research, which is probably due to 

the different criteria of patients in sample 

collection. In Hadadi's study, the frequency 

of norA and norB genes in ciprofloxacin 

resistant strains was 100% and 83%, 

respectively. Also, the efflux pump of all 

resistant strains was phenotypically active. 

Haddadi's study showed that among the 

strains with active pumps, almost half of 

them (48%) had higher expression. 57% 

showed increased expression in a single 

pump gene, usually norA, while the 

remaining 43% of isolates had increased 

expression in 2 or more output pumps, most 

of which were norB/C, and is associated with 

increased bacterial resistance to 

fluoroquinolones (22). Costa et al. confirmed 

the main role of the efflux pump as the first 

agent of antimicrobial resistance in 

Staphylococcus aureus (35). A plausible 

explanation for this could be that these 

isolates had enough pumps in their cell walls 
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before the bacteria were exposed to the drug 

so that there was no need to increase the 

expression of the relevant genes. But overall, 

the results of this study with other studies 

show that the widespread use of 

fluoroquinolones in the treatment of this 

bacterial infection in the hospital is the most 

important factor in the development and 

spread of Staphylococcus aureus resistance 

to fluoroquinolones, and it has been 

suggested that the nor pump genes Efflux is 

one of the factors that cause resistance. 

Conclusion 

To sum up, control measures to prevent the 

spread of MRSA involve breaking the 

bacterial transmission chain (such as 

isolating clones or infected patients, hand 

washing, and patient screening) and efforts 

to reduce selective pressure related to MRSA 

by increased antibiotic use. Hospital hygiene 

guidelines are essential to prevent 

nosocomial infections, and health authorities 

should be informed about the potential 

consequences of Staphylococcus aureus 

infections inside and outside hospitals, 

reducing carriers. The rapid spread of 

resistant strains in hospitals is a known 

concern, and this study highlights the risk of 

such infections in hospital systems. Due to 

the clinical significance of these infections, it 

is imperative for healthcare professionals to 

be aware and plan to improve methods of 

identification and control of these infections 

in healthcare systems. 

Acknowledgements    

The authors would like to sincerely thank 

the laboratories staffs in hospitals especially 

to Mr.Alireza Mordadi to transferring 

samples to faculty of alliedof  medical 

sciences. 

 

 

Abbreviations 

MRSA: Methicillin Resistant Staphylococcus 

Aureus 

VRSA: Vancomycin-Resistant Staphylococcus 

Aureus 

VISA: Vancomycin Intermediate 

Staphylococcus Aureus 

MDR: Multi-drug Resistant 

PCR: Polymerase Chain Reaction 

MIC: Minimum inhibitory concentration 

LZN: Linezolid 

IPM: Imipenem 

CIP: Ciproflaxin 

AMK: Amikacin 

FOX: Cefoxitin 

CLI: Clindamycin 

CTX: Cefotaxime 

ERY: Erythromycin 

CRO: ceftriaxone 

CFZ:L Cefazolin 

SXT: Trimethoprim / Sulfamethoxazole 

VA: Vancomycin 

Funding 

No funding was received from profit and 

non-profit organization to do this article. 

Authors' Contributions   

Monireh Rahimkhani and Zahra Rajabi were 

contributed to the study design, data 

collection, analysis, and drafting of the 

manuscript. Saeed Alavi, shokoofeh Akbari 

and Manijeh Aliasghar were involved in 

practical part of research. 

Conflicts of Interest  

The authors declare that there is no conflict 

of interest associated with this article. 

Orcid: 

MonirehRahimkhani*: 

https://orcid.org/0000-0002-8663-7402 

 

 

Archive of SID.ir

Archive of SID.ir

https://orcid.org/0000-0002-8663-7402


P a g e  | 650 
 

 Investigation of efflux pump genes in …  
 

 

Zahra Rajabi:  

https://orcid.org/0000-0003-4970- 3068   

Seyed saeed Alavi Fard:  

https://orcid.org/0009-0005-8819-7374   

Shokoofeh Akbari: 

https://orcid.org/0009-0001-7561-3579    

Manijeh Aliasghar: 

https://orcid.org/0009-0001-2403-9482    

References 

 

[1] N.I.  Samia, A.  Robicsek, H. Heesterbeek, 

L.R. Peterson, Methicillin-resistant 

staphylococcus aureus nosocomial infection 

has a distinct epidemiological position and 

acts as a marker for overall hospital-acquired 

infection trends,  Scientific reports, 2022, 12, 

17007. [Crossref], [Google Scholar], 

[Publisher] 

[2] S.A. Al Yousef, E.M.  Taha, Methicillin-

resistant Staphylococcus aureus in Saudi 

Arabia: Genotypes distribution review,  Saudi 

Journal of Medicine & Medical Sciences, 2016, 

4, 2.  [Crossref], [Google Scholar], [Publisher] 

[3] D.M. Livermore, Antibiotic resistance in 

staphylococci. International journal of 

antimicrobial agents, 2000, 16, 3-10. 

[Crossref], [Google Scholar], [Publisher] 

[4] S.J. Peacock, G.K. Paterson, Mechanisms of 

methicillin resistance in Staphylococcus 

aureus, Annual review of biochemistry, 

2015,  84, 577-601. [Crossref], [Google 

Scholar], [Publisher] 

[5] N. Saad Latteef, W.Y. Salih, A. Aziz 

Abdulhassan, R.  Jasim Obeed, Evaluation of 

Gene Expression of norA and norB Gene in 

Ciproflaxin and Levofloxacin Resistant 

Staphylococcus aureus,  Archives of Razi 

Institute, 2022, 77, 1987-1993. [Crossref], 

[Google Scholar], [Publisher] 

[6] A. Papkou, J.  Hedge, N. Kapel, B. Young, 

R.C. MacLean, Efflux pump activity 

potentiates the evolution of antibiotic 

resistance across S. aureus isolates. Nature 

Communications, 2020, 11, 3970. [Crossref], 

[Google Scholar], [Publisher] 

[7] S. Hassanzadeh, M.R. Pourmand, R. 

Mashhadi, K.  Ghazvini, Epidemiology of 

efflux pumps genes mediating resistance 

among Staphylococcus aureus; A systematic 

review, Microbial pathogenesis, 2020, 139, 

103850. [Crossref], [Google Scholar], 

[Publisher] 

[8] Q.C. Truong-Bolduc, J. Strahilevitz, D.C. 

Hooper, NorC, a new efflux pump regulated 

by MgrA of Staphylococcus 

aureus, Antimicrobial agents and 

chemotherapy, 2006, 50, 1104-1107. 

[Crossref], [Google Scholar], [Publisher] 

[9] M. Bühlmann, K.  Bögli-Stuber, S. Droz, K. 

Mühlemann, Rapid screening for carriage of 

methicillin-resistant Staphylococcus aureus 

by PCR and associated costs,  Journal of 

clinical microbiology, 2008,  46, 2151-2154. 

[Crossref], [Google Scholar], [Publisher] 

[10] A. Azimian, S.A.  Havaei, H.  Fazeli, M.  

Naderi, K. Ghazvini, S.M.  Samiee, M. 

Soleimani, S.N.  Peerayeh, Genetic 

characterization of a vancomycin-resistant 

Staphylococcus aureus isolate from the 

respiratory tract of a patient in a university 

hospital in northeastern Iran,  Journal of 

clinical microbiology, 2012, 50,  3581-3585. 

[Crossref], [Google Scholar], [Publisher] 

[11] M.  Azadikhah, M. Zargar, R.  Nazari, 

Investigation of NorA, norB, and norC efflux 

pumps in Staphylococcus aureus resistant to 

Fluoroquinolone Isolated from Urinary Tract 

Infection,  Applied Biology, 2019, 8, 45-52. 

[Google Scholar], [Publisher] 

[12] A.S. Lee, H. De Lencastre, J. Garau, J. 

Kluytmans, S. Malhotra-Kumar, A. Peschel, S. 

Harbarth, Methicillin-resistant 

Staphylococcus aureus, Nature reviews 

Disease primers, 2018, 4, 1-23. [Crossref], 

[Google Scholar], [Publisher] 

[13] D.C.  Park, S.K.  Lee, C.I. Cha, S.O. Lee, M.S. 

Lee, S.G. Yeo, Antimicrobial resistance of 

Staphylococcus from otorrhea in chronic 

suppurative otitis media and comparison 

with results of all isolated Staphylococci, 

European Journal of Clinical Microbiology & 

Archive of SID.ir

Archive of SID.ir

https://orcid.org/0000-0003-4970-%203068
https://orcid.org/0009-0005-8819-7374
https://orcid.org/0009-0001-7561-3579
https://orcid.org/0009-0001-2403-9482
https://doi.org/10.1038/s41598-022-21300-6
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Samia+NI%2C+Robicsek+A%2C+Heesterbeek+H%2C+Peterson+LR.+Methicillin-resistant+Staphylococcus+aureus+nosocomial+infection+has+a+distinct+epidemiological+position+and+acts+as+a+marker+for+overall+hospital-acquired+infection+trends.+Sci+Rep.+2022+Oct+11%3B12%281%29%3A17007&btnG=
https://www.nature.com/articles/s41598-022-21300-6
https://doi.org/10.4103/1658-631X.170880
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Al+Yousef+SA%2C+Taha+EM+.+Methicillin+resistant+Staphylococcus+aureus+in+Saudi+Arabia%3A+genotypes+distribution+review.+Saudi+J+Med+Med+Sci+.+2016%3B+4%3A+2-8.+&btnG=
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6298269/
https://doi.org/10.1016/S0924-8579(00)00299-5
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Antibiotic+resistance+in+staphylococci.+Int+J+Antimicrob+Agents.+2000%3B16+Suppl&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0924857900002995
https://doi.org/10.1146/annurev-biochem-060614-034516
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Peacock+SJ%2C+Paterson+GK.+Mechanisms+of+Methicillin+Resistance+in+Staphylococcus+aureus.+Annu+Rev+Biochem.+2015%3B84%3A577-601.+&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Peacock+SJ%2C+Paterson+GK.+Mechanisms+of+Methicillin+Resistance+in+Staphylococcus+aureus.+Annu+Rev+Biochem.+2015%3B84%3A577-601.+&btnG=
https://www.annualreviews.org/doi/abs/10.1146/annurev-biochem-060614-034516
https://doi.org/10.22092/ARI.2022.358335.2197
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Saad+Latteef+N%2C+Salih+WY%2C+Aziz+Abdulhassan+A%2C+Jasim+Obeed+R.+Evaluation+of+Gene+Expression+of+norA+and+norB+Gene+in+Ciproflaxin+and+Levofloxacin+Resistant+Staphylococcus+aureus.+Arch+Razi+Inst.+2022+Oct+31%3B77%285%29%3A1987-1993.+doi%3A+10.22092%2FARI.2022.358335.2197&btnG=
https://archrazi.areeo.ac.ir/article_126698.html
https://doi.org/10.1038/s41467-020-17735-y
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Papkou+A%2C+Hedge+J%2C+Kapel+N%2C+Young+B%2C+Macklean.C+R.+Efflux+pump+activity+potentiates+the+evolution+of+antibiotic+resistance+across+S.+aureus+isolates.+Nature+commun.+2020%3B+11%283970%29%3A+1-15.+&btnG=
https://www.nature.com/articles/s41467-020-17735-y
https://doi.org/10.1016/j.micpath.2019.103850
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Hassanzadeh+S%2C+Ganjloo+S%2C+Pourman+MR%2C+Mashhadi+R%2C+Ghazvini+K.+Epidemiology+of+efflux+pumps+genes+mediating+resistance+among+Staphylococcus+aureus%3B+A+systematic+review.+Microbial+path.+2020%3B+139%28103850%29.+1-11.+&btnG=
https://www.sciencedirect.com/science/article/pii/S0882401019314925
https://doi.org/10.1128/aac.50.3.1104-1107.2006
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Truong-Bolduc+QC%2C+Strahilevitz+J%2C+Hooper+DC.+NorC%2C+a+new+efflux+pump+regulated+by+MgrA+of+Staphylococcus+aureus.+Antimicrob+Agents+Chemother.+2006%3B50+%283%29%3A1104-7.+&btnG=
https://journals.asm.org/doi/full/10.1128/aac.50.3.1104-1107.2006
https://doi.org/10.1128/jcm.01957-07
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=B%C3%BChlmann+M%2C+B%C3%B6gli-Stuber+K%2C+Droz+S%2C+M%C3%BChlemann+K.+Rapid+screening+for+carriage+of+methicillin-resistant+Staphylococcus+aureus+by+PCR+and+associated+costsb+.J+Clin+Microbiol.+2008%3B++46%287%29%3A2151%E2%80%932154&btnG=
https://journals.asm.org/doi/full/10.1128/jcm.01957-07
https://doi.org/10.1128/jcm.01727-12
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Azimian+A%2C+Havaei+SA%2C+Fazeli+H%2C+Naderi+M%2C+Ghazvini+K%2C+Samiee+SM%2C+Soleimani+M%2C+Najar+Peerayeh+SH.+Genetic+characterization+of+a+vancomycin-resistant+Staphylococcus+aureus+isolate+from+the+respiratory+tract+of+a+patient+in+a+university+hospital+in+northeastern+Iran.+J+Clin+Microbiol.+2012%3B+50%2811%29%3A3581%E2%80%935.+&btnG=
https://journals.asm.org/doi/full/10.1128/jcm.01727-12
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Azadikhah+M%2C+Zargar+M%2C+Nazari+R.+Investigating+the+presence+of+NorA%2C+NorB+and+NorC+efflux+pumps+in+fluoroquinolone-resistant+Staphylococcus+aureus+isolated+from+urinary+tract+infection+samples.+Applied+Biol+Sci+Res+Quarte.+2018%3B+8+%2832%29%2C+45-52.+&btnG=
https://sjoapb.qom.iau.ir/article_545628_175bcd1e80cbe0d526ab09d492e94a1d.pdf
https://doi.org/10.1038/nrdp.2018.33
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=LeeA%2C+de+Lencastre+H%2C+Garau+J.+Methicillin-resistant+Staphylococcus+aureus.+Nat+Rev+Dis+Primers+.2018%3B+4%2C+18033.+&btnG=
https://www.nature.com/articles/nrdp201833


P a g e  | 651  M. Rahimkhani et al. 
  

Infectious Diseases, 2008, 27, 571-577. 

[Crossref], [Google Scholar], [Publisher] 

[14] G.G. Rao, P. Michalczyk, N.  Nayeem, G. 

Walker, L. Wigmore, Prevalence and risk 

factors for meticillin-resistant 

Staphylococcus aureus in adult emergency 

admissions–a case for screening all 

patients?, Journal of Hospital Infection, 2007, 

66, 15-21. [Crossref], [Google Scholar], 

[Publisher] 

[15] P. Zhang, J. Lu, Y.  Jing, S. Tang, D. Zhu, Y. 

Bi, Global epidemiology of diabetic foot 

ulceration: a systematic review and meta-

analysis,  Annals of medicine, 2017, 49, 106-

116. [Crossref], [Google Scholar], [Publisher] 

[16] B.H. Oladeinde, R. Omoregie, M. Olley, 

J.A. Anunibe, A.A. Onifade, A 5-year 

surveillance of wound infections at a rural 

tertiary hospital in Nigeria. African health 

sciences, 2013, 13, 351-356. [Crossref], 

[Google Scholar], [Publisher] 

[17] S. Tabaei, M. Kouhi Noghondar, M. 

Mohammadzadeh, L. Ataei, S. Amel 

Jamehdar, Pattern of antibiotic resistance in 

methicillin-resistant Staphylococcus aureus 

(MRSA) strains isolated from clinical 

specimens: Imam Reza hospital in Mashhad, 

Medical Journal of Mashhad University of 

Medical Sciences, 2016, 59, 64-70. [Crossref], 

[Google Scholar], [Publisher] 

[18] T.A.  Madani, N.A.  Al-Abdullah, A.A.  Al-

Sanousi, T.M. Ghabrah, S.Z. Afandi, H.A. 

Bajunid, Methicillin-resistant 

Staphylococcus aureus in two tertiary-care 

centers in Jeddah, Saudi Arabia,  Infection 

Control & Hospital Epidemiology, 2001, 22, 

211-216. [Crossref], [Google Scholar], 

[Publisher] 

[19] E.E. Udo, N. Al-Sweih, R. Dhar, T.S. 

Dimitrov, E.M.  Mokaddas, M.  Johny, I.A.  Al-

Obaid, H.H. Gomaa, L.A. Mobasher, V.O. 

Rotimi, A.  Al-Asar, Surveillance of 

antibacterial resistance in Staphylococcus 

aureus isolated in Kuwaiti hospitals,  Medical 

Principles and Practice, 2007, 17, 71-75. 

[Crossref], [Google Scholar], [Publisher] 

[20] M. Rezazadeh, R.  Yousefi Mashouf, H. 

Sarmadyan, E.  Ghaznavi-Rad, Antibiotic 

profile of methicillin-resistant 

Staphylococcus aureus with multiple-drug 

resistances isolated from nosocomial 

infections in Vali-Asr Hospital of 

Arak,  Journal of Arak University of Medical 

Sciences, 2013, 16, 29-37. [Google Scholar], 

[Publisher] 

[21] P. Askari, M.H. Namaei, E. Aryan, H. 

Safdari, M. Yousefi, Prevalence of Methicillin-

resistant Staphylococcus aureus and their 

antibiotic resistance patterns in patients 

hospitalized in Birjand-based Imam Reza 

Hospital, Journal of Birjand University of 

Medical Sciences, 2017,  24, 218-226. [Google 

Scholar], [Publisher] 

[22] M.A. Haddadi Zahmatkesh, M. Laripoor, 

A. Mirzaie, F. Ashrafi, Prevalence of norA and 

norB efflux pump genes in clinical isolates of 

Staphylococcus aureus and their 

contribution in ciprofloxacin 

resistance,  Iranian Journal of Medical 

Microbiology, 2016, 10, 20-30. [Google 

Scholar], [Publisher] 

[23] F. Rahimi, L. Shokoohizadeh, 

Characterization of methicillin 

resistant Staphylococcus aureus strains 

among inpatients and outpatients in a 

referral hospital in Tehran, Iran Microbial 

Pathogenesis, 2016, 97, 89-93.  [Crossref], 

[Google Scholar], [Publisher]  

[24] M.  Shekarabi, B. Hajikhani, A. Salimi 

Chirani, M. Fazeli, M. Goudarzi, Molecular 

characterization of vancomycin-resistant 

Staphylococcus aureus strains isolated from 

clinical samples: A three year study in 

Tehran, Iran. PloS one, 2017, 12, 183607.  

[Crossref], [Google Scholar], [Publisher] 

[25] M. Rahimkhani, A Survey of Methicillin-

Resistance Staphylococcus aureus Isolated 

from Patients Hospitalized in the ICU, NICU 

and Surgical Departments of Tehran 

University of Medical Sciences Hospitals, J 

Clin Immunol Microbiol, 2022, 3, 1-10. 

[Crossref], [Google Scholar], [Publisher] 

 

Archive of SID.ir

Archive of SID.ir

https://doi.org/10.1007/s10096-008-0478-6
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Park+DC%2C+Lee+SK%2C+Cha+CI%2C+Lee+SO%2C+Lee+MS%2C+Yeo+SG.+Antimicrobial+resistance+of+Staphylococcus+from+otorrhea+inchronic+suppurative+otitis+media+and+comparison+with+results+of+all+isolated+Staphylococci.+Eur+J+Clin+Microbiol+Infect+Dis.+2008%3B+27%287%29%3A571-+5770478-6&btnG=
https://link.springer.com/article/10.1007/s10096-008-0478-6
https://doi.org/10.1016/j.jhin.2007.01.013
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Gopal+Rao+G%2C+Michalczyk+P%2C+Nayeem+N%2C+Walker+G%2C+Wigmore+L.+Prevalence+and+risk+factors+for+meticillin+resistant+Staphylococcus+aureus+in+adult+emergency+admissions+a+case+for+screening+all+patients%3F+J+Hosp+Infect.+2007%3B+66%281%29%3A15-21&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0195670107000394
https://doi.org/10.1080/07853890.2016.1231932
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Zhang+P%2C+Lu+J%2C+Jing+Y%2C+Tang+S%2C+ZhuD+and+Bi+Y.+Global+Epidemiology+of+Diabetic+Foot+Ulceration%3A+A+Systematic+Review+and+Meta-Analysis.+Annals+of+Medicine.+2017%3B+49%3A106-116&btnG=
https://www.tandfonline.com/doi/full/10.1080/07853890.2016.1231932
https://doi.org/10.4314/ahs.v13i2.22
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Oladeinde+BH%2C+Omoregie+R%2C+Olley+M%2C+Anunibe+JA+and+Onifade+AA.+A+5-Year+Surveillance+of+Wound+Infections+at+a+Rural+Tertiary+Hospital+in+Nigeria.+African+Health+Sciences.2013%3B+13%2C+351-356.+&btnG=
https://www.ajol.info/index.php/ahs/article/view/93489
https://doi.org/10.22038/mjms.2016.7328
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Pattern+of+antibiotic+resistance+in+methicillin-resistant+Staphylococcus+aureus+%28MRSA%29+strains+isolated+from+clinical+specimens%3A+Imam+Reza+hospital+in+Mashhad&btnG=
https://mjms.mums.ac.ir/article_7328.html?lang=en
https://doi.org/10.1086/501891
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Madani+TA%2C+Al-Abdullah+NA%2C+Al-Sanousi+AA%2C+Ghabrah+TM%2C+Afandi+SZ%2C+Bajunid+HA.+Methicillin-resistant+Staphylococcus+aureus+in+two+tertiary-care+centers+in+Jeddah%2C+Saudi+Arabia.+Infection+control+and+hospital+epidemiology.+2001%3B22%284%29%3A211-6.+&btnG=
https://www.cambridge.org/core/journals/infection-control-and-hospital-epidemiology/article/abs/methicillinresistant-staphylococcus-aureus-in-two-tertiarycare-centers-in-jeddah-saudi-arabia/6E608647303D5E25CC1EB5FD98145342
https://doi.org/10.1159/000109594
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Udo+EE%2C+Al-Sweih+N%2C+Dhar+R%2C+Dimitrov+TS%2C+Mokaddas+EM%2C+Johny+M%2C+Al-Obaid+I.A%2C+Gomaa+H.H%2C+Mobasher+L.A%2C+Rotimi+V.O%2C+Al-.Asar+A.+Surveillance+of+antibacterial+resistance+in+Staphylococcus+aureus+isolated+in+Kuwaiti+hospitals.+Medical+principles+and+practice%3A+international+journal+of+the+Kuwait+University%2C+Health+Science+Centre.+2008%3B17%281%29%3A71-75&btnG=
https://karger.com/mpp/article-abstract/17/1/71/203973
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Rezazadeh+M%2C+Yousefi+Mashouf+R%2C+Sarmadyan+H%2C+Ghaznavi-Rad+E.+Antibiotic+profile+of+Methicillin-Resistant+Staphylococcus+aureus+with+multiple-drug+resistances+isolated+from+nosocomial+infections+in+Vali-asr+hospital+of+Arak.+Journal+of+Arak+University+of+Medical+Sciences.+2013%3B16%282%29%3A29-37.+&btnG=
http://jams.arakmu.ac.ir/browse.php?a_id=1983&sid=1&slc_lang=en
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Askari+P%2C+Ghazvini+k%2C+Namaei+MH%2C+Aryan+E%2C+Safdari++H%2C+Yousefi+M.+Prevalence+of+methicillin-resistant+Staphylococcus+aureus+and+their+antibiotic+resistance+patterns+in+patients+hospitalized+in+Birjand-based+Imam+Reza+hospital.+J+++BUMS.+2017%3B+24%283%29%3A218-226.+&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Askari+P%2C+Ghazvini+k%2C+Namaei+MH%2C+Aryan+E%2C+Safdari++H%2C+Yousefi+M.+Prevalence+of+methicillin-resistant+Staphylococcus+aureus+and+their+antibiotic+resistance+patterns+in+patients+hospitalized+in+Birjand-based+Imam+Reza+hospital.+J+++BUMS.+2017%3B+24%283%29%3A218-226.+&btnG=
https://journal.bums.ac.ir/article-1-2302-en.html&sw=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Haddadi.+Z%2C+Laripoor+H%2C+Mirzaie+A%2C+Ashrafi+F.+Prevalence+of+NorA+and+NorB+efflux+pump+genes+in+clinical+isolates+of+Staphylococcus+aureus+and+their+contribution+in+ciprofloxacin+resistance.+++Iran+J+Med+Microbiol+.2016%3B+10%285%29%3A+20-30&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Haddadi.+Z%2C+Laripoor+H%2C+Mirzaie+A%2C+Ashrafi+F.+Prevalence+of+NorA+and+NorB+efflux+pump+genes+in+clinical+isolates+of+Staphylococcus+aureus+and+their+contribution+in+ciprofloxacin+resistance.+++Iran+J+Med+Microbiol+.2016%3B+10%285%29%3A+20-30&btnG=
https://ijmm.ir/browse.php?a_id=580&sid=1&slc_lang=en
https://doi.org/10.1016/j.micpath.2016.06.006
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Characterization+of+methicillin+resistant+Staphylococcus+aureus+strains+among+inpatients+and+outpatients+in+a+referral+hospital+in+Tehran%2C+Iran&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0882401016302674?via%3Dihub
https://doi.org/10.1371/journal.pone.0183607
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Shekarabi+M%2C+Hajikhani+B%2C+Salimi+A%2C+Fazeli+M%2C+Goudarzi+M.+Molecular+characterization+of+vancomycin-resistant+Staphylococcus+aureus+strains+isolated+from+clinical+samples%3A+A+three+year+study+in+Tehran%2C+Iran.+PLoS+One.+2017%3B+12%288%29%3A+e0183607&btnG=
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0183607
http://dx.doi.org/10.46889/JCIM.2022.3303
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Investigating+the+prevalence+of+antibiotic+resistance+of+methicillin-resistant+Staphylococcus+aureus+%28MRSA%29+and+determining+the+aminoglycoside+ac%286+%CC%81%29-Ie%2Faph%282+%CC%8B%29+resistance+gene+isolated+from+patients+admitted+to+Imam+Hossein%2C+Luqman+Hakim+and+Pars+hospitals+in+Tehran+by+PCR+method+.+Scientific+Journal+of+Ilam+University+of+Medical+Sciences&btnG=
https://d1wqtxts1xzle7.cloudfront.net/93245431/A_Survey_of_Methicillin_Resistance_Staphylococcus_aureus_-libre.pdf?1667026639=&response-content-disposition=inline%3B+filename%3DJournal_of_Clinical_Immunology_and_Micro.pdf&Expires=1705304705&Signature=ccQ2h4TqMPsL-YWtU7kWlB7ZuFbmfbv28NtuON32TjmQE9LW1K8IpM1WF07--SEPv02WurrfJiJ9zJHyHF3yn9cvkH-FS3eC95z64xGr9MzOnO4N~3vQ-wu3obboX-slsDIvOyUiu-oIwQWl6nBNphv3-CTlNKYeOwPkdJLWTv9wbY5MtRI97qt2mMDxVxZy42gaU8sqA9NWKI4K71OIh1XRxSXjgmlOmuTUpAI4wfdE4ozmaAWdJ790aVVwnAyB63Az-2qe5Zyc8EM1BtJ8GZWkFZophlUHF51selA3mlXIhO~pJ0JusHyj5qYGD-1QxHdWcYJY9Mq-SJQm~~q5dA__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA


P a g e  | 652 
 

 Investigation of efflux pump genes in …  
 

 

[26] R.W. Akhtar, A. Hannan, S. Saleem, A. 

Qaisar, S. Jahan, Frequency of vancomycin 

resistant Staphylococcus aureus among 

clinical isolates of MRSA collected from 

tertiary care hospitals of lahore, 

Pakistan. Pakistan Armed Forces Medical 

Journal, 2018, 68, 580-584. [Pdf], [Google 

Scholar], [Publisher] 

[27] F. Firouzi, J. Akhtari, M.  Nasrolahei, 

Prevalence of MRSA and VRSA Strains of  

Staphylococcus aureus in Healthcare Staff 

and Inpatients, Journal of Mazandaran 

University of Medical Sciences, 2016,  26, 96-

107. [Google Scholar], [Publisher] 

[28] T. Dilnessa, A.  Bitew, Prevalence and 

antimicrobial susceptibility pattern of 

methicillin resistant Staphylococcus aureus 

isolated from clinical samples at Yekatit 12 

Hospital Medical College, Addis Ababa, 

Ethiopia, BMC infectious diseases, 2016, 16, 

1-9. [Crossref], [Google Scholar], [Publisher] 

[29] R.M. Abd El-Baky, H.R. Ahmed, G.F.M. 

Gad, Prevalence and conjugal transfer of 

vancomycin resistance among clinical 

isolates of Staphylococcus aureus. AIR, 2014, 

2, 12-23. [Google Scholar], [Publisher] 

[30] J.M. Kwiecinski, A.R. Horswill, 

Staphylococcus aureus bloodstream 

infections: pathogenesis and regulatory 

mechanisms,  Current opinion in 

microbiology, 2020, 53, 51-60. [Crossref], 

[Google Scholar], [Publisher] 

[31] F.  Dalir, A.  Morovvati, A.  Javadi, H. 

Afkhami, M. Khaledi, J.  Fathi, Z.  

Mohsenipour, A. Dirbaziyan,  M. Zargar, The 

Evaluation of Efflux Pump Genes norA, norB 

and norC Related to Fluoroquinolones 

Resistance in Staphylococcus aureus Strains 

Isolated from Blood Infection, Journal of 

Advanced Biomedical Sciences, 2023, 13, 81-

87. [Google Scholar], [Publisher] 

[32] N.D. Gade, M.S. Qazi, Fluoroquinolone 

therapy in Staphylococcus aureus infections: 

where do we stand?, Journal of Laboratory 

physicians, 2013, 5, 109-112. [Crossref], 

[Google Scholar], [Publisher] 

[33] M. Rahimkhani, A.R. Mordadi, Survey of 

the Lethal Effect of Ciprofloxacin and 

Supernatant Isolated from Staphylococcus 

Aureus under the Stress of Ciprofloxacin on 

Methicillin-Resistant Staphylococcus Aureus 

Strains Isolated from Clinical 

Specimens,  Payavard Salamat, 2022, 15, 

578-584.  [Google Scholar], [Publisher] 

[34] M. Afzal, A.K. Vijay, F. Stapleton, M. 

Willcox, The Relationship between 

Ciprofloxacin Resistance and Genotypic 

Changes in S. aureus Ocular 

Isolates,  Pathogens, 2022,  11, 1354. 

[Crossref], [Google Scholar], [Publisher] 

 [35] S.S. Costa, E. Junqueira, C. Palma, M. 

Viveiros, J. Melo-Cristino, L. Amaral, I. Couto, 

Resistance to antimicrobials mediated by 

efflux pumps in Staphylococcus 

aureus,  Antibiotics, 2013, 2, 83-99. 

[Crossref], [Google Scholar], [Publisher]  

 

 

 

 

 

 

 

How to cite this article: Monireh 

Rahimkhani*, Zahra Rajabi, Seyed Saeed 

Alavi fard, Shokoofeh Akbari, Manijeh 

Aliasghar, Investigation of efflux pump 

genes in staphylococcus aureus isolated 

from clinical samples. Journal of Medicinal 

and Pharmaceutical Chemistry Research, 

2024, 6(6), 638-652. Link:  

https://jmpcr.samipubco.com/article_187

679.html 
 

Copyright © 2024 by SPC (Sami Publishing Company) + is an open access article distributed 

under the Creative Commons Attribution License(CC BY)  license  

(https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, 

distribution, and reproduction in any medium, provided the original work is properly cited. 

Archive of SID.ir

Archive of SID.ir

https://pafmj.org/PAFMJ/article/view/385/289
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=R.W.+Akhtar%2C+A.+Hannan%2C+S.+Saleem%2C+A.+Qaisar%2C+S.+Jahan%2C+Frequency+of+vancomycin+resistant+Staphylococcus+aureus+among+clinical+isolates+of+MRSA+collected+from+tertiary+care+hospitals+of+lahore%2C+Pakistan.+Pakistan+Armed+Forces+Medical+Journal%2C+2018%2C+68%2C+580-584&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=R.W.+Akhtar%2C+A.+Hannan%2C+S.+Saleem%2C+A.+Qaisar%2C+S.+Jahan%2C+Frequency+of+vancomycin+resistant+Staphylococcus+aureus+among+clinical+isolates+of+MRSA+collected+from+tertiary+care+hospitals+of+lahore%2C+Pakistan.+Pakistan+Armed+Forces+Medical+Journal%2C+2018%2C+68%2C+580-584&btnG=
https://pafmj.org/index.php/PAFMJ/article/view/385
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Firouzi%2C+F.%2C+Akhtari%2C+J.+and+Nasrolahei%2C+M.%2C+2016.+Prevalence+of+MRSA+and+VRSA+Strains+of+Staphylococcus+aureus+in+Healthcare+Staff+and+Inpatients.+Journal+of+Mazandaran+University+of+Medical+Sciences%2C+26%28142%29%2C+pp.96-107.&btnG=
https://jmums.mazums.ac.ir/article-1-8794-en.html
https://doi.org/10.1186/s12879-016-1742-5
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Dilnessa+t+%26+Bitew+A.++Prevalence+and+antimicrobial+susceptibility+pattern+of+methicillin+resistant+Staphylococcus+aureus+isolated+from+clinical+samples+at+Yekatit+12+hospital+medical+college%2C+Addis+Ababa%2C+Ethiopia.+BMC+Infe+Dis.+2016%3B16%28398%29%3A+1-11&btnG=
https://link.springer.com/article/10.1186/s12879-016-1742-5
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=El-Baky+RMA%2C+Ahmed+HR%2C+Gad+GFM%2C+Prevalence+and+Conjugal+Transfer+of+Vancomycin+Resistance+among+Clinical+Isolates+of+Staphylococcus+aureus%2C+Advances+in+Research%2C+2013%3B2%281%29%3A12-23.+&btnG=
https://d1wqtxts1xzle7.cloudfront.net/33548424/Abd_El-Baky212013AIR7142_1-libre.pdf?1398347476=&response-content-disposition=inline%3B+filename%3DPrevalence_and_Conjugal_Transfer_of_Vanc.pdf&Expires=1705303500&Signature=TzOeyYS6ASD9GT6tAq5ONI7zROOB~wYrhqI5jnHyULTl4-TBsazrLDc~yL3GcQONLhy77S-06ZqyGwl24oinsBe3VTwB3FL7g6u4ZiobI4jo4gAIVVnhg2ZY5LOBIy1UepURLQCtDeZG4GhD-29dOcscF8TbSqwAIMpNmewek1R1eCJs17gacwU9KdRR99u1N4J9NFLmNP9ZBlVITAfQlRO4FR5wGFwKrb2UFBjDuLdBRcXl48LaW2GMeQSHB4QT9TdTNhdQ7St-hVqO4SWSvtzAl~V8sNBHOayw153kOMTxeUz00bapWmR4s4BBQJJ71BbxoMy2boWEoEmmsCQ78w__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://doi.org/10.1016/j.mib.2020.02.005
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Kwiecinski+JM%2C+Horswill+AR.+Staphylococcus+aureus+bloodstream+infections%3A+pathogenesis+and+regulatory+mechanisms.+Curr+Opin+Microbiol.+2020%3B53%3A51%E2%80%9360.+&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S136952742030028X
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Dalir+F+%2C+Morovvati+A+%2C+Javadi+A+%2C+Afkhami+H+%2C+Khaledi+M+%2C+Fath+J%2C+Mohsenipour+Z%2C+Dirbaziyan+A%2C+Zargar+M.+The+evaluation+of+efflux+pump+genes+norA%2C+norB+and+norC+related+to+fluoroquinolones+resistance+in+Staphylococcus+aureus+strains+isolated+from+blood+infection.++++JABS.++2023%2C+13%281%29%3A+81-87&btnG=
https://jabs.fums.ac.ir/browse.php?a_id=2910&sid=1&slc_lang=en
https://doi.org/10.4103/0974-2727.119862
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Gade+ND%2C+Qazi+MS.+Fluoroquinolone+Therapy+in+Staphylococcus+aureus+Infections%3A+Where+Do+We+Stand%3F+J+Lab+Physicians.+2013%3B5%282%29%3A109%E2%80%9312.+&btnG=
https://www.thieme-connect.com/products/ejournals/abstract/10.4103/0974-2727.119862
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Rahimkhani+M%2C+Mordadi+A.R.+Survey+of+the+Lethal+Effect+of+Ciprofloxacin+and+Supernatant+Isolated+from+Staphylococcus+Aureus+under+the+Stress+of+Ciprofloxacin+on+Methicillin-Resistant+Staphylococcus+Aureus+Strains+Isolated+from+Clinical+Specimens.+Journal+of+Payavard+Salamat.+2022%3B+15%286%29%3A+578%E2%80%93584.+&btnG=
https://payavard.tums.ac.ir/article-1-7184-en.html
https://doi.org/10.3390/pathogens11111354
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Afzal+M%2C+Vijay+AK%2C+Stapleton+F%2C+Willcox+M.+The+Relationship+between+Ciprofloxacin+Resistance+and+Genotypic+Changes+in+S.+aureus+Ocular+Isolates.+Pathog+%28Basel%2C+Switzerland%29.+2022%3B+11%2811%29.%3A1354.+&btnG=
https://www.mdpi.com/2076-0817/11/11/1354
https://doi.org/10.3390/antibiotics2010083
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Costa+SS%2C+Junqueira+E%2C+Palma+C%2C+Viveiros+M%2C+Melo-++Cristino+J%2C+Amaral+L%2C+Couto+I.+Resistance+to+antimicrobials+mediated+by+efflux+pumps+in+Staphylococcus+aureus.+Antibiot+%28Basel%2C+Switzerland%29.+2013%3B+2%281%29%3A83%E2%80%9399.+&btnG=
https://www.mdpi.com/2079-6382/2/1/83
https://jmpcr.samipubco.com/article_187679.html
https://jmpcr.samipubco.com/article_187679.html
http://www.samipubco.com/
https://creativecommons.org/licenses/by/4.0/

