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Background & Objective: Antibiotic resistance in Escherichia coli is a 

major global challenge. This study aimed to evaluate the prevalence of two 

key genes, acrA and acrB, and investigate their association with antibiotic 

resistance patterns in various bacterial isolates. Methods: A total of 71 E. coli 

isolates were collected and subjected to antibiotic susceptibility testing. 

Subsequently, PCR (Polymerase Chain Reaction) was performed to detect the 

presence of the acrA and acrB genes. Statistical analysis was then conducted 

to determine the correlation between these genes and the observed resistance 

phenotypes. Results: The statistical analysis revealed a significant correlation 

between the acrA gene and three specific antibiotics (Aztreonam, 

Azithromycin, and Amikacin). Regarding the acrB gene, a significant 

statistical association was found with only two antibiotics: Colistin and 

Aztreonam. No significant correlation was observed with the remaining tested 

antibiotics. Conclusion: The findings conclude that the AcrAB efflux pump 

system is directly involved in mediating resistance to Colistin, Aztreonam, 

Amikacin, and Azithromycin. Resistance to other antibiotic classes is likely 

attributed to alternative bacterial defense mechanisms, such as the production 

of beta-lactamases or alterations in membrane permeability (Porins). 

 

Keywords: Escherichia coli; Multidrug resistance; Efflux pumps; acrA and 
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1. Introduction  

Escherichia coli is one of the most frequent multidrug-

resistant pathogens. It possesses efflux pumps, which are 

considered a vital mechanism for this bacterium's 

resistance [1].  resistance-nodulation-division (RND) 

family includes the AcrA and AcrB components [encoded 

by acrA and acrB genes ] [2]. Multiple Antibiotic 

Resistance (MAR) in bacteria is caused by active efflux 

[3] .In E. coli, overproduction of the AcrAB efflux pump 

confers multiple antibiotic resistance (MAR) to various 

compounds [4, 5]. In E. coli, the acrA and acrB genes 

can be regulated by two proteins: the MarA protein and 

the SoxS protein. These genetic loci [of both genes] are 

members of the mar and sox regulons [6]. To prevent 

antibiotic resistance, the antibiotic prescription must be 

taken correctly by considering three factors: time, 

administration manner, and dose [7, 8]. Bacterial 

multidrug efflux systems are a widespread and common 

mechanism employed by bacteria for resistance[9]. 

These systems are capable of extruding various types of 

structurally diverse antibiotics, as well as certain 

metabolic products. Furthermore, in Gram-negative 

bacteria, these efflux pumps are physiologically essential 

for processes such as biofilm formation[9]. In Gram-

negative bacteria, the most clinically significant efflux 

pumps are members of the RND family, as they are 

directly associated with multidrug resistance (MDR)[9]. 

"These pumps exist as a tripartite system, spanning 

across both the inner and outer membranes[9, 10]. Due 

to the high level of homology at both the gene and 

protein levels in multidrug resistance systems, the 

AcrAB-TolC system was adopted as the prototype for 

this class of pumps and has been extensively studied 

[11]. The increased expression (overexpression) of acrA 

and acrB genes leads to a higher efflux of substances, 
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which directly enhances antibiotic resistance in E. coli 

[5]. Mutations within local repressor genes can lead to 

the overexpression of efflux pumps [12-14]. In E. coli, 

the overexpression of efflux pumps can result from the 

activation of a regulon [a group of genes] regulated by 

two key proteins: the MarA protein and the SoxS protein 

[15, 16] 

In the current study, bacterial isolates were collected and 

identified using the VITEK system from several 

laboratories in Najaf, Iraq, including the Public Health 

Laboratory, Al-Asimah Laboratory, Al-Safeer 

Laboratory, and Sabah Al-Fatlawi Laboratory. The study 

was conducted from September 2025 to December 2025. 

Antimicrobial susceptibility testing was performed, and 

the results were correlated with the presence of efflux 

pump resistance genes, specifically acrA and acrB. This 

was done to investigate the relationship between the 

tested antibiotics and these specific genes within 

Escherichia coli isolates. 

2. Methodology 

Sample Collection and Study Design  

This cross-sectional study was conducted to investigate 

the association between antibiotic resistance in 

Escherichia coli and two efflux pump genes, namely 

acrA and acrB. A total of 71 isolates were collected from 

various clinical specimens, including High Vaginal 

Swabs (HVS), Seminal Fluid Analysis (S.F.A), Urinary 

Tract Infections (UTI), and Pleural Fluid. These samples 

were obtained between September 2025 and December 

2025. The isolates were sourced from the Public Health 

Laboratory as well as several private laboratories in Al-

Najaf. Furthermore, ethical approval for this study was 

granted by the Ethics Committee of the Al-Najaf Health 

Directorate, Iraq. 

Culture and Identification of Bacteria 

These samples were processed in the Public Health 

Laboratory and various private laboratories. Primary 

cultivation was performed using selective and 

differential media, including MacConkey agar, Blood 

agar, and Nutrient agar (Thermo Fisher Scientific, 

USAP). Bacterial identification was subsequently carried 

out through a series of biochemical tests, such as 

catalase, urease, H2S production, and citrate utilization 

tests. All cultivation procedures and biochemical assays 

were conducted in strict accordance with established 

microbiological manuals [17, 18]. 

Antibiotic Sensitivity Test 

We performed the antibiotic sensitivity tests according to 

the microbiology laboratory standards [19]. The activity 

of several antibiotics was assessed on Mueller-Hinton 

agar using the disc diffusion method. We tested various 

antibiotics, including cefotaxime, amoxicillin, 

meropenem, ceftriaxone, nitrofurantoin, azithromycin, 

tobramycin, colistin, trimethoprim, tetracycline, 

imipenem, fosfomycin, gentamicin, penicillin, 

doxycycline, aztreonam, and amikacin. which are 

available and commonly used routinely in our hospitals. 

The concentration of all antibiotics disks are 30 µg and 

10 µg. 

Molecular Detection of  acrA gene 

isolated the bacterial DNA using a DNA extraction kit 

for Gram-negative bacteria from Bio-Solar kit by 

following the manual leaflet inside the kit. DNA 

amplification by PCR was performed using specific 

primers for the acrA and acrB genes and Taq-polymerase 

master mix (Promega, USA). The forward and reverse 

primer sequences are 5'- ggtcgttctgatgctctca -3' and 5'- 

ggcttgctggttattatcag -3' respectively for acrA  gene [20]. 

The thermal cycling of the PCR of three steps;. initial 

denaturation at 95°C for 5 minutes, followed by 30 

cycles of denaturation at 95°C for 30 seconds, annealing 

at 54°C for 30 seconds, and extension at 72°C for 30 

seconds. A final extension step was performed at 72°C 

for 5 minutes.  

Molecular Detection of  acrB gene 

The forward and reverse primer sequences are 5'- 

cgtctaacagtgactccacgg -3' and 5'- ttcaatcagacctttaccttc -3' 

respectively for acrB gene which are synthesized by 

Macrogen, South Korea [20]. initial denaturation at 95°C 

for 5 minutes, followed by 30 cycles of denaturation at 

95°C for 30 seconds, annealing at 54°C for 30 seconds, 

and extension at 72°C for 45 seconds. A final extension 

step was performed at 72°C for 10minutes [21]. 

Electrophoresis for the PCR products was performed 
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using 1% agarose gel containing ethidium bromide 

(Thermo Fisher USA) and then visualized by UV 

illuminator. 

3. Results and discussion  

Distribution of Escherichia coli Isolates Based on 

Clinical Sources and Detection of arcA and arcB 

Genes 

A total of 71 E. coli isolates were analyzed in this study. 

The distribution according to clinical sources showed 

that 50 (70.4%) isolates were obtained from Urinary 

Tract Infections (UTI), followed by 11 (15.5%) from 

High Vaginal Swabs (HVS). Additionally, 9 (12.7%) 

isolates were recovered from Seminal Fluid Analysis 

(SFA) samples, and 1 (1.4%) isolate was from Pleural 

Fluid (Table 1). The distribution of the studied genes 

showed that the arcA gene was detected in 39 (54.9%) of 

the isolates, while 32 (45.1%) were negative. In contrast, 

the arcB gene was detected in 9 (12.7%) isolates, 

whereas 62 (87.3%) were negative (Table 2). 

Age and Gender Distribution and Antimicrobial 

Resistance Patterns of E. coli Isolates 

The findings indicate that E. coli isolates were more 

frequently detected within the productive age group for 

both males and females. The mean age of female patients 

was slightly higher than that of males (37 years 

compared to 34 years). This close age range suggests 

that both genders show a similar susceptibility to E. coli 

infections in this clinical sample (Figure 1). 

Regarding antimicrobial resistance, the isolates showed a 

very high resistance rate to Cefotaxime (100%) and a 

high resistance rate to Ceftriaxone (88.7%). These 

findings may indicate the possible presence of Extended-

Spectrum Beta-Lactamase (ESBL) producing strains 

among the isolates. It is well documented that Gram-

negative bacteria such as E. coli often exhibit higher 

resistance levels to antibiotics compared with many 

other bacterial groups. 

While previous studies reported that Imipenem and 

Amikacin were among the most effective antibiotics 

against uropathogenic bacteria, the present findings 

demonstrate that Meropenem and Colistin showed high 

therapeutic effectiveness against the studied multidrug-

resistant (MDR) E. coli isolates (Table 3). These 

observations highlight the continued importance of 

carbapenems and polymyxins as effective treatment 

options for infections caused by resistant E. coli strains. 

Table1: Distribution of Isolates According to Clinical 

Source 

 Infection Category 

of Patient 

Count 

UTI 

  

Pleural Fluid 

  

HVS 

  

S.F.A 

50 

1 

11 

9 

 
Table 2: Frequency and percentage of porin genes (arcA 

and arcB) among the studied E. coli isolates (N = 71). 

 

Gene Positive 

[No.] 

Positive 

[%] 

Negative 

[No.] 

Negative 

[%] 

arcA 39 54.9% 32 45.1% 

arcB 9 12.7% 62 87.3% 

 
 

Table 3: Antibiotic susceptibility pattern among isolates 

(n = 71) 

Antibiotic 
Resista

nt [%] 

Intermedi

ate [%] 
Sensitive [%] 

Cefotaxime 
71 

[100%] 
0 [0%] 0 [0%] 

Axamoxicill

in 

64 

[90.1%] 
2 [2.8%] 5 [7.0%] 

Meropenem 
7 

[9.9%] 
1 [1.4%] 63 [88.7%] 

Ceftriaxone 
63 

[88.7%] 
7 [9.9%] 1 [1.4%] 

Nitrofurant

oin 

55 

[77.5%] 
15 [21.1%] 1 [1.4%] 

Azithromyci

n 

46 

[64.8%] 
10 [14.1%] 15 [21.1%] 

Tobramycin 
19 

[26.8%] 
41 [57.7%] 11 [15.5%] 
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Colistin 
1 

[1.4%] 
0 [0%] 70 [98.6%] 

Trimethopri

m 

38 

[53.5%] 
2 [2.8%] 31 [43.7%] 

Tetracycline 
41 

[57.7%] 
6 [8.5%] 24 [33.8%] 

Imipenem 
27 

[38.0%] 
41 [57.7%] 3 [4.2%] 

Fosfomycin 
66 

[93.0%] 
5 [7.0%] 0 [0%] 

Gentamicin 
15 

[21.1%] 
21 [29.6%] 35 [49.3%] 

Penicillin 
64 

[90.1%] 
7 [9.9%] 0 [0%] 

Doxycycline 
27 

[38.0%] 
13 [18.3%] 31 [43.7%] 

Aztreonam 
40 

[56.3%] 
8 [11.3%] 23 [32.4%] 

Amikacin 41 [57.7%] 

28 

[39.

4%] 

2 

[2.8

%] 

 

acrA Gene PCR Amplification 
 

The molecular detection of acrA Gene was performed on 

71 E. coli isolates. The PCR amplification results 

revealed that 39 (54.9%) isolates were positive for the 

acrA Gene (Figure 2). For the acrA gene, 39 out of 71 E. 

coli isolates were positive (54.9%). The mean percentage 

of the positive isolates for the acrA gene was (56.9%). 

Resistance predominated among isolates harboring the 

acrA gene, and among gene-positive isolates, the 

majority were resistant to the tested antibiotics (Table 4). 

 

Table 4: Antimicrobial resistance profile among acrA -

positive Escherichia coli isolates (n = 39/71), expressed 

as number and percentage (n/N%). 

 

Antibiotic Resistant n/N [%] 
Sensitive n/N 

[%] 

Cefotaxime 39/39 [100.0%] 0/39 [0.0%] 

Amoxicillin 36/39 [92.3%] 3/39 [7.7%] 

Meropenem 4/39 [10.3%] 35/39 [89.7%] 

Ceftriaxone 36/39 [92.3%] 3/39 [7.7%] 

Nitrofurantoin 31/39 [79.5%] 8/39 [20.5%] 

Antibiotic Resistant n/N [%] 
Sensitive n/N 

[%] 

Azithromycin 21/39 [53.8%] 18/39 [46.2%] 

Tobramycin 11/39 [28.2%] 28/39 [71.8%] 

Colistin 1/39 [2.6%] 38/39 [97.4%] 

Trimethoprim 20/39 [51.3%] 19/39 [48.7%] 

Tetracycline 24/39 [61.5%] 15/39 [38.5%] 

Imipenem 15/39 [38.5%] 24/39 [61.5%] 

Fosfomycin 36/39 [92.3%] 3/39 [7.7%] 

Gentamicin 8/39 [20.5%] 31/39 [79.5%] 

Penicillin 35/39 [89.7%] 4/39 [10.3%] 

Doxycycline 15/39 [38.5%] 24/39 [61.5%] 

Aztreonam 27/39 [69.2%] 12/39 [30.8%] 

Amikacin 18/39 [46.2%] 21/39 [53.8%] 

Mean 

 
56.9% 

 

Fig.1. Agarose gel electrophoresis for PCR products of 

acrA Gene amplification. Lanes 8,9,10,11,12,15,17,18 

,and 19 are showing positive PCR amplifications that are 

1078bp in size. Lanes 

1,2,3,4,5,6,13,14,16,21,22,23,24,25, and 26 are showing 
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negative PCR amplifications. Lanes 7 and 20 are a 

standard DNA ladder. 

 

acrB Gene PCR Amplification 
 

The molecular detection of acrB Gene was performed on 

71 E. coli isolates. The PCR amplification results 

revealed that that 9 (12.7 %)  isolates were positive for 

the acrB Gene (Figure 2). //For the acrB gene, 9 out of 

71 isolates were positive (12.7%). Similarly, resistance 

predominated among isolates carrying the acrB gene, 

with most gene-positive isolates showing resistance to 

the tested antibiotics. The mean percentage of antibiotic 

resistance among the acrB gene-positive isolates was 

(62.7%) (Table5). 

 

Table 5:  Antimicrobial resistance profile among acrB -

positive Escherichia coli isolates (n = 9/71), expressed 

as number and percentage (n/N%) 

 

Antibiotic Resistant n/N [%] Sensitive n/N [%] 

Cefotaxime 9/9 [100.0%] 0/9 [0.0%] 

Amoxicillin 9/9 [100.0%] 0/9 [0.0%] 

Meropenem 1/9 [11.1%] 8/9 [88.9%] 

Ceftriaxone 9/9 [100.0%] 0/9 [0.0%] 

Nitrofurantoin 7/9 [77.8%] 2/9 [22.2%] 

Azithromycin 4/9 [44.4%] 5/9 [55.6%] 

Tobramycin 3/9 [33.3%] 6/9 [66.7%] 

Colistin 1/9 [11.1%] 8/9 [88.9%] 

Trimethoprim 5/9 [55.6%] 4/9 [44.4%] 

Tetracycline 7/9 [77.8%] 2/9 [22.2%] 

Imipenem 2/9 [22.2%] 7/9 [77.8%] 

Fosfomycin 9/9 [100.0%] 0/9 [0.0%] 

Gentamicin 3/9 [33.3%] 6/9 [66.7%] 

Penicillin 9/9 [100.0%] 0/9 [0.0%] 

Doxycycline 5/9 [55.6%] 4/9 [44.4%] 

Aztreonam 8/9 [88.9%] 1/9 [11.1%] 

Amikacin 5/9 [55.6%] 4/9 [44.4%] 

Mean 62.7%  

 

 

 
 

Fig 2: Agarose gel electrophoresis for PCR products of 

acrB Gene amplification. Lanes 3,5,6,9,13,and 14 are 

showing positive PCR amplifications that are 2730 bp in 

size. Lanes 1,2,4, 

8,10,11,12,15,16,17,18,19,21,22,23,24,25,and 26 are 

showing negative PCR amplifications. Lane 7and 20 are 

a standard DNA ladder. 

 

In the current study, a total of 71 Escherichia coli 

isolates were recovered from various clinical sources. 

The distribution showed that Urinary Tract Infections 

(UTIs) were the most frequent source, accounting for 50 

samples, followed by High Vaginal Swabs (HVS) with 

11 samples, 9 isolates from Seminal Fluid Analysis 

(SFA), and 1 isolate from Pleural Fluid. Consistent with 

global clinical data, Escherichia coli remains the most 

frequently encountered uropathogen in urinary tract 

infections [22-24]. 

 Locally, our results mirror previous investigations in Al-

Najaf, where E. coli was identified as the leading cause 

of UTIs, representing 48% of 1148 positive cases. This 

reinforces the status of this bacterium as the primary 

agent responsible for the majority of UTI infections in 

the local community [18]. 

The phenotypic resistance profiles in this study 

demonstrated a critical level of multi-drug resistance. 

Notably, we observed a 100% resistance rate to 

Cefotaxime. This phenomenon can be attributed to the 

role of polyamines and membrane permeability. 

According to previous studies, these polyamines 

function by decreasing the permeability of the outer 

membrane in Escherichia coli. Even in the absence of 

efflux pumps, polyamines can effectively block the 
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porins located in the outer membrane, thereby preventing 

the entry of antibiotics into the bacterial cell [25-27]. 

Furthermore, the resistance observed against Amoxicillin 

in these isolates can be linked to the physiological role of 

efflux pumps in transporting polyamines. Since 

Amoxicillin shares similar physiochemical 

characteristics with endogenous polycation substrates 

(such as polyamines), the pump identifies the antibiotic 

as a natural substrate. Consequently, the extrusion of 

Amoxicillin occurs as a by-product of the pump's normal 

physiological function, leading to the development of 

resistance in these isolates [28-30]. 

The molecular component of this work focused on the 

RND-family efflux system. In our study, the acrA gene 

was detected in 55% of the isolates. This finding aligns 

with the fact that efflux pumps are considered ancient 

genetic elements, conserved in approximately 80% of 

Escherichia coli strains. This suggests that the efflux 

pump system is not merely a mechanism for antibiotic 

resistance, but is also fundamentally involved in 

essential physiological functions [31, 32]. 

Regarding the acrB gene, the isolates positive for this 

determinant demonstrated high resistance to Colistin. 

This can be explained by the physiological role of the 

acrB pump in maintaining membrane lipid homeostasis. 

While Colistin functions by targeting and disrupting the 

bacterial outer membrane, the presence of the acrB gene 

allows E. coli to repair the membrane by extruding 

damaged lipids or modulating lipid composition. 

Consequently, E. coli isolates harboring this gene exhibit 

enhanced survival and superior resistance against the 

membrane-disrupting effects of Colistin [2, 33, 34]. 

Finally, the lower prevalence of the acrB gene in E. coli 

isolates compared to the acrA gene can be attributed to 

functional redundancy. As other genetic systems may 

perform the same physiological roles on its behalf, the 

bacteria maintains its survival capacity even with a lower 

frequency of this specific gene [35]. 

 

Conclusion  

 

Using antibiotics without testing their activity against 

pathogens would most likely lead to improper use of 

treatment that triggers resistance by pathogenic bacteria. 

The results of the present study revealed increased rates 

of resistance. Molecular screening for the acrA and acrB 

in E. coli suggests a high incidence of genetic alteration 

and developing drug resistance in bacteria. Occasional 

screening and assessment of antibiotic resistance is 

highly recommended to evaluate the activity of empirical 

drugs prescribed against the etiological agents. 

 

Acknowledgments 

 

The authors of this study acknowledges the 

microbiology laboratory teams at the Public Health 

Laboratory, and all staff of the private laboratories for 

providing the primary bacterial cultures used in this 

study. 

Ethical Consideration 

 

The study was accepted by the University of Kufa's 

College of Science Ethics Committee, in December 

2025. Ethical approval was obtained, and informed 

consent was secured from all participating patients 

before specimen collection. Duplicate samples from the 

same patient were excluded to avoid redundancy in data 

analysis. 

 

Conflict of Interest  

 

The author declared no conflict of interest. 

 

References  

 

1. Blanco, P., Hernando-Amado, S., 

Reales-Calderon, J. A., Corona, F., 

Lira, F., Alcalde-Rico, M., Bernardini, 

A., Sanchez, M. B., & Martínez, J. L. 

(2016). Bacterial multidrug efflux 

pumps: Much more than antibiotic 

resistance determinants. 

Microorganisms, 4(1), Article 14. 

https://doi.org/10.3390/microorganisms

4010014 

2. Piddock, L. J. V. (2006). Clinically 

relevant chromosomally encoded 

multidrug resistance efflux pumps in 

bacteria. Clinical Microbiology 

Reviews, 19(2), 382–402. 

https://doi.org/10.3390/microorganisms4010014
https://doi.org/10.3390/microorganisms4010014


Nashid, Al-kufa journal for biology, 2026, vol. 18 issue: 2, page 137-146 

DOI: 10.36320/ajb/v18.i2.24099 
 

143 

 

https://doi.org/10.1128/CMR.19.2.382-

402.2006 

3. Zgurskaya, H. I., & Nikaido, H. (2000). 

Multidrug resistance mechanisms: Drug 

efflux across two membranes. 

Molecular Microbiology, 37(2), 219–

225. https://doi.org/10.1046/j.1365-

2958.2000.01974.x 

4. White, D. G., Goldman, J. D., Demple, 

B., & Levy, S. B. (1997). Role of the 

acrAB locus in organic solvent 

tolerance mediated by expression of 

marA, soxS, or robA in Escherichia 

coli. Journal of Bacteriology, 179(19), 

6122–6126. 

https://doi.org/10.1128/jb.179.19.6122-

6126.1997 

5. Thanassi, D. G., Cheng, L. W., & 

Nikaido, H. (1997). Active efflux of 

bile salts by Escherichia coli. Journal 

of Bacteriology, 179(8), 2512–2518. 

https://doi.org/10.1128/jb.179.8.2512-

2518.1997 

6. Sulavik, M. C., Dazer, M., & Miller, P. 

F. (1997). The Salmonella typhimurium 

mar locus: Molecular and genetic 

analyses and assessment of its role in 

virulence. Journal of Bacteriology, 

179(6), 1857–1866. 

https://doi.org/10.1128/jb.179.6.1857-

1866.1997 

7. Frère, J.-M., & Rigali, S. (2016). The 

alarming increase in antibiotic-resistant 

bacteria. Drug Target Review, 3(1), 26–

30. 

8. Vogtländer, N. P., van Kasteren, M. E., 

Natsch, S., Kullberg, B.-J., Hekster, Y. 

A., & van der Meer, J. W. (2004). 

Improving the process of antibiotic 

therapy in daily practice: Interventions 

to optimize timing, dosage adjustment 

to renal function, and switch therapy. 

Archives of Internal Medicine, 164(11), 

1206–1212. 

https://doi.org/10.1001/archinte.164.11.

1206 

9. Blair, J. M., Richmond, G. E., & 

Piddock, L. J. (2014). Multidrug efflux 

pumps in Gram-negative bacteria and 

their role in antibiotic resistance. Future 

Microbiology, 9(10), 1165–1177. 

https://doi.org/10.2217/fmb.14.92 

10. Anes, J., McCusker, M. P., Fanning, S., 

& Martins, M. (2015). The ins and outs 

of RND efflux pumps in Escherichia 

coli. Frontiers in Microbiology, 6, 

Article 587. 

https://doi.org/10.3389/fmicb.2015.005

87 

11. Li, X.-Z., Plésiat, P., & Nikaido, H. 

(2015). The challenge of efflux-

mediated antibiotic resistance in Gram-

negative bacteria. Clinical 

Microbiology Reviews, 28(2), 337–418. 

https://doi.org/10.1128/CMR.00114-14 

12. Adewoye, L., Sutherland, A., Srikumar, 

R., & Poole, K. (2002). The mexR 

repressor of the mexAB-oprM multidrug 

efflux operon in Pseudomonas 

aeruginosa: Characterization of 

mutations compromising activity. 

Journal of Bacteriology, 184(15), 

4308–4312. 

https://doi.org/10.1128/JB.184.15.4308-

4312.2002 

13. Wang, H., Dzink-Fox, J. L., Chen, M., 

& Levy, S. B. (2001). Genetic 

characterization of highly 

fluoroquinolone-resistant clinical 

Escherichia coli strains from China: 

https://doi.org/10.1128/CMR.19.2.382-402.2006
https://doi.org/10.1128/CMR.19.2.382-402.2006
https://doi.org/10.1046/j.1365-2958.2000.01974.x
https://doi.org/10.1046/j.1365-2958.2000.01974.x
https://doi.org/10.1128/jb.179.19.6122-6126.1997
https://doi.org/10.1128/jb.179.19.6122-6126.1997
https://www.google.com/search?q=https://doi.org/10.1128/jb.179.8.2512-2518.1997
https://www.google.com/search?q=https://doi.org/10.1128/jb.179.8.2512-2518.1997
https://doi.org/10.1128/jb.179.6.1857-1866.1997
https://doi.org/10.1128/jb.179.6.1857-1866.1997
https://doi.org/10.1001/archinte.164.11.1206
https://doi.org/10.1001/archinte.164.11.1206
https://doi.org/10.2217/fmb.14.92
https://doi.org/10.3389/fmicb.2015.00587
https://doi.org/10.3389/fmicb.2015.00587
https://doi.org/10.1128/CMR.00114-14
https://doi.org/10.1128/JB.184.15.4308-4312.2002
https://doi.org/10.1128/JB.184.15.4308-4312.2002


Nashid, Al-kufa journal for biology, 2026, vol. 18 issue: 2, page 137-146 

DOI: 10.36320/ajb/v18.i2.24099 
 

144 

 

Role of acrR mutations. Antimicrobial 

Agents and Chemotherapy, 45(5), 

1515–1521. 

https://doi.org/10.1128/AAC.45.5.1515

-1521.2001 

14. Webber, M. A., & Piddock, L. J. 

(2001). Absence of mutations in 

marRAB or soxRS in acrB-

overexpressing fluoroquinolone-

resistant clinical and veterinary isolates 

of Escherichia coli. Antimicrobial 

Agents and Chemotherapy, 45(5), 

1550–1552. 

https://doi.org/10.1128/AAC.45.5.1550

-1552.2001 

15. Alekshun, M. N., & Levy, S. B. (1997). 

Regulation of chromosomally mediated 

multiple antibiotic resistance: The mar 

regulon. Antimicrobial Agents and 

Chemotherapy, 41(10), 2067–2075. 

https://doi.org/10.1128/AAC.41.10.206

7 

16. Pomposiello, P. J., & Demple, B. 

(2000). Identification of SoxS-regulated 

genes in Salmonella enterica serovar 

Typhimurium. Journal of Bacteriology, 

182(1), 23–29. 

https://doi.org/10.1128/JB.182.1.23-

29.2000 

17. Barrow, G. I., & Feltham, R. K. A. 

(Eds.). (1993). Cowan and Steel's 

manual for the identification of medical 

bacteria (3rd ed.). Cambridge 

University Press. 

18. Al-Shamarti, M. J. (2024). Activity 

assessment of antibiotics used against 

different bacterial etiological agents of 

UTI in Najaf, Iraq. Iranian Journal of 

Pathology, 19(3), 348–356. 

https://doi.org/10.30699/IJP.2024.2015

383.3183 

19. Clinical and Laboratory Standards 

Institute. (2007). Performance 

standards for antimicrobial 

susceptibility testing (17th ed., CLSI 

supplement M100-S17). 

20. Gawad, W. E., Helmy, O. M., 

Tawakkol, W. M., & Hashem, A. M. 

(2018). Antimicrobial resistance, 

biofilm formation, and phylogenetic 

grouping of uropathogenic Escherichia 

coli isolates in Egypt: The role of efflux 

pump-mediated resistance. Egyptian 

Journal of Medical Microbiology, 

27(4), 85–94. 

https://doi.org/10.21608/ejmm.2018.28

5573 

21. Paterson, D. L., Hujer, K. M., Hujer, A. 

M., Yeiser, B., Bonomo, M. D., Rice, 

L. B., & Bonomo, R. A. (2003). 

Extended-spectrum β-lactamases in 

Klebsiella pneumoniae bloodstream 

isolates from seven countries: 

Dominance and widespread prevalence 

of SHV- and CTX-M-type β-

lactamases. Antimicrobial Agents and 

Chemotherapy, 47(11), 3554–3560. 

https://doi.org/10.1128/AAC.47.11.355

4-3560.2003 

22. Kömürlüoğlu, A., Aykaç, K., 

Özsürekçi, Y., Başaranoğlu, S. T., 

Bıçakçıgil, A., Liste, Ü., Cengiz, A. B., 

& Ceyhan, M. (2018). Gram negatif 

idrar yolu enfeksiyonu etkenlerinin 

antibiyotik direnç dağılımı: Tek merkez 

deneyimi [Antibiotic resistance patterns 

of Gram-negative urinary tract infection 

agents: A single center experience]. 

Turkish Journal of Pediatric Disease, 

https://doi.org/10.1128/AAC.45.5.1515-1521.2001
https://doi.org/10.1128/AAC.45.5.1515-1521.2001
https://doi.org/10.1128/AAC.45.5.1550-1552.2001
https://doi.org/10.1128/AAC.45.5.1550-1552.2001
https://doi.org/10.1128/AAC.41.10.2067
https://doi.org/10.1128/AAC.41.10.2067
https://doi.org/10.1128/JB.182.1.23-29.2000
https://doi.org/10.1128/JB.182.1.23-29.2000
https://doi.org/10.30699/IJP.2024.2015383.3183
https://doi.org/10.30699/IJP.2024.2015383.3183
https://doi.org/10.21608/ejmm.2018.285573
https://doi.org/10.21608/ejmm.2018.285573
https://doi.org/10.1128/AAC.47.11.3554-3560.2003
https://doi.org/10.1128/AAC.47.11.3554-3560.2003


Nashid, Al-kufa journal for biology, 2026, vol. 18 issue: 2, page 137-146 

DOI: 10.36320/ajb/v18.i2.24099 
 

145 

 

12(1), 10–17. 

https://doi.org/10.12956/tjpd.2018.330 

23. Cag, Y., Haciseyitoglu, D., Ozdemir, A. 

A., & Cag, Y. (2021). Antibiotic 

resistance and bacteria in urinary tract 

infections in pediatric patients. 

Medeniyet Medical Journal, 36(3), 

217–225. 

https://doi.org/10.5222/MMJ.2021.5794

7 

24. Mihankhah, A., Khoshbakht, R., Raeisi, 

M., & Raeisi, V. (2017). Prevalence and 

antibiotic resistance pattern of bacteria 

isolated from urinary tract infections in 

Northern Iran. Journal of Research in 

Medical Sciences, 22(1), Article 108. 

https://doi.org/10.4103/jrms.JRMS_890

_16 

25. Shah, P., & Swiatlo, E. (2008). A 

multifaceted role for polyamines in 

bacterial pathogens. Molecular 

Microbiology, 68(1), 4–16. 

https://doi.org/10.1111/j.1365-

2958.2008.06126.x 

26. Dela Vega, A. L., & Delcour, A. H. 

(1996). Polyamines decrease 

Escherichia coli outer membrane 

permeability. Journal of Bacteriology, 

178(13), 3715–3721. 

https://doi.org/10.1128/jb.178.13.3715-

3721.1996 

27. Iyer, R., Wu, Z., Woster, P. M., & 

Delcour, A. H. (2000). Molecular basis 

for the polyamine-OmpF porin 

interactions: Inhibitor and mutant 

studies. Journal of Molecular Biology, 

297(4), 933–945. 

https://doi.org/10.1006/jmbi.2000.3663 

28. Nishino, K., & Yamaguchi, A. (2001). 

Analysis of a complete library of 

putative drug transporter genes in 

Escherichia coli. Journal of 

Bacteriology, 183(20), 5803–5812. 

https://doi.org/10.1128/JB.183.20.5803-

5812.2001 

29. Woolridge, D. P., Vazquez-Laslop, N., 

Markham, P. N., Chevalier, M. S., 

Gerner, E. W., & Neyfakh, A. A. 

(1997). Efflux of the natural polyamine 

spermidine facilitated by the Bacillus 

subtilis multidrug transporter Blt. 

Journal of Biological Chemistry, 

272(14), 8864–8866. 

https://doi.org/10.1074/jbc.272.14.8864 

30. Chan, Y. Y., & Chua, K. L. (2010). 

Growth-related changes in intracellular 

spermidine and its effect on efflux 

pump expression and quorum sensing in 

Burkholderia pseudomallei. 

Microbiology, 156(4), 1144–1154. 

https://doi.org/10.1099/mic.0.033621-0 

31. Cox, G., & Wright, G. D. (2013). 

Intrinsic antibiotic resistance: 

Mechanisms, origins, challenges and 

solutions. International Journal of 

Medical Microbiology, 303(6–7), 287–

292. 

https://doi.org/10.1016/j.ijmm.2013.02.

009 

32. Abram, K., Udaondo, Z., Bleker, C., 

Wanchai, V., Wassenaar, T. M., 

Robeson, M. S., & Ussery, D. W. 

(2019). What can we learn from over 

100,000 Escherichia coli genomes? 

[Unpublished manuscript]. bioRxiv. 

https://doi.org/10.1101/708131 

33. Poole, K. (2008). Bacterial multidrug 

efflux pumps serve other functions. 

Microbe Magazine, 3(4), 179–185. 

https://doi.org/10.1128/microbe.3.179.1 

https://doi.org/10.12956/tjpd.2018.330
https://doi.org/10.5222/MMJ.2021.57947
https://doi.org/10.5222/MMJ.2021.57947
https://doi.org/10.4103/jrms.JRMS_890_16
https://doi.org/10.4103/jrms.JRMS_890_16
https://doi.org/10.1111/j.1365-2958.2008.06126.x
https://doi.org/10.1111/j.1365-2958.2008.06126.x
https://doi.org/10.1128/jb.178.13.3715-3721.1996
https://doi.org/10.1128/jb.178.13.3715-3721.1996
https://doi.org/10.1006/jmbi.2000.3663
https://doi.org/10.1128/JB.183.20.5803-5812.2001
https://doi.org/10.1128/JB.183.20.5803-5812.2001
https://doi.org/10.1074/jbc.272.14.8864
https://doi.org/10.1099/mic.0.033621-0
https://doi.org/10.1016/j.ijmm.2013.02.009
https://doi.org/10.1016/j.ijmm.2013.02.009
https://doi.org/10.1101/708131
https://doi.org/10.1128/microbe.3.179.1


Nashid, Al-kufa journal for biology, 2026, vol. 18 issue: 2, page 137-146 

DOI: 10.36320/ajb/v18.i2.24099 
 

146 

 

34. Lennen, R. M., Kruziki, M. A., Kumar, 

K., Zinkel, R. A., Burnum, K. E., 

Lipton, M. S., & Pfleger, B. F. (2011). 

Membrane stresses induced by 

overproduction of free fatty acids in 

Escherichia coli. Applied and 

Environmental Microbiology, 77(22), 

8114–8128. 

https://doi.org/10.1128/AEM.06043-11 

35. Horiyama, T., & Nishino, K. (2014). 

AcrB, AcrD, and MdtABC multidrug 

efflux systems are involved in 

enterobactin export in Escherichia coli. 

PLOS ONE, 9(9), Article e108642. 

https://doi.org/10.1371/journal.pone.01

08642 

 

 

 

  

https://doi.org/10.1128/AEM.06043-11
https://doi.org/10.1371/journal.pone.0108642
https://doi.org/10.1371/journal.pone.0108642

