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 Multidrug resistance is an escalating worldwide public health problem 

that threatens millions of people every year. Multidrug resistant 

uropathogenic Escherichia coli is a major cause of urinary tract 

infections which has contributed to the rising concern of selecting 

effective antibiotics against UTIs. This study was aimed at detection of 

AcrA-AcrB-TolC Efflux Pump Genes in locally isolated E.coli and 

investigating the presence of mutation in efflux pump repressor AcrR 

gene. Urine samples were collected from patients with urinary tract 

infection attending Baghdad Medical Hospital during the period from 

November 2021 to January 2022. Out of those samples, 100 showed the 

growth of uropathogenic E.coli. Molecular detection of AcrAB-TolC 

genes by polymerase chain reaction showed that both MDR and 

antibiotic-susceptible E. coli isolates possessed the chromosomal 

AcrAB-TolC. Mutation in the repressor AcrR was investigated by 

ARMS PCR and the results showed that mutation was found only in 

multidrug resistant uropathogenic E.coli suggesting that the mutation in 

the repressor AcrR gene may contributes to antibiotic resistance in 

UPEC. 
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1. Introduction 

The most prevalent bacterial infection is urinary tract infection (UTI), which is defined by bacterial 

colonization of the urinary system frequently affecting females of all ages. The most typical pathogens 

identified from UTI patients are strains of uropathogenic E. coli, which obviously come from the gut flora. 

Frequently, it is connected to morbidity in both hospitalized and non-hospitalized patients. According to 

recent reports, E. coli causes around 80% of UTIs, and about 90% of these E. coli isolates are multidrug 

resistant (MDR) [1]. The prolonged use of empirical treatment lead to complicated outcomes in patients 

with chronic recurrent UTIs, including rising of antibiotic resistance to the causative agents [2- 4]. 
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Moreover, year by year, E. coli become more resistant to cephalosporins, ciprofloxacin, fluoroquinolones, 

amoxicillin/clavulanic acid, beta-lactam antibiotics, ampicillin, cotrimoxazole, aminoglycosides, 

tetracyclines, and trimethoprim-sulfamethoxazole at certain percentages [5]. Susceptible bacteria might 

develop resistance to an antimicrobial agent by degradation, mutation or altering the antibiotics structure, 

transformation or conjugation of the plasmid and efflux pumps [6]. Antibiotic resistance is exacerbated by 

chromosomally encoded drug efflux mechanisms, which are common in these bacteria and pose a 

significant obstacle for antibiotic research [7- 9]. Efflux pumps are transporter proteins that play a role in 

the extrusion of poisonous substrates from inside cells and into the surrounding environment. They are 

present practically in all bacterial species. Efflux pumps can transport a variety of structurally different 

molecules, such as antibiotics from various chemical classes, or they can be substrate-specific [10]. Efflux 

pumps are classified as belonging to five families on the basis of the types of substrate that the pump 

exports, the number of components and the energy source used [11]. The AcrAB-TolC system of 

Escherichia coli is the members of Resistance-nodulation-cell division(RND) transporters which is one of 

five efflux pumps families especially identified in Gram-negative bacteria. It is constituted of the 

periplasmic adaptor protein AcrA, the inner membrane transporter AcrB, and the outer membrane protein 

TolC. The repressor AcrR controls the expression of AcrAB [12]. In gram-negative bacteria the 

AcrABTolC efflux pump overexpression is an intrinsic mechanism of multidrug resistance. It could be the 

result of a mutation in the AcrR gene, which is the repressor of the AcrAB operon system [13], [14]. This 

study was thus designed with an objective to detect the presence of AcrA, AcrB, and TolC genes and the 

mutation in AcrR by ARMS PCR in uropathogenic E.coli. 

 

2. Materials and Methods 

 

2.1 Collection and identification of bacterial samples 

From 1st of November 2021 to 31st of January 2022, 264 mid-stream urine samples were collected from 

patients (5-79 years) suffering from symptoms of urinary tract infection attending medical city hospital in 

Baghdad. Inclusion criteria included preliminary diagnosis of UTI, and pus cell counts >5 (during general 

urine examination), While patients were excluded if they had chronic UTI, and/or had already started taking 

antibiotics.  Ethical approval to carry out this study was acquired from the Ministry of Health – Iraq 

(A9226). Urine samples were immediately transferred to the laboratory and cultured using standard 

methods. Positive cultures were initially detected using standard methods, probable E. coli isolates were 

validated using the VITEK®2 GN kit (BioMe'rieux, France), and the identified E. coli was stored for 

molecular analysis (preserved at 20°C in nutrient broth with 15% glycerol).  

 

Antimicrobial susceptibility testing was performed according to Clinical and laboratory Standards Institute 

(CLSI) guideline using Kirby Bauer’s disc diffusion method on Muller-Hilton agar (HiMedia laboratories) 

[15]. 

 

The tested antibiotics included amoxicillin (10 μg), Chloramphenicol (30 μg), ceftriaxone (30 μg), 

Cefotaxime (30 μg), Gentamicin (10 μg), cotrimoxazole (trimethoprim/ sulfamethoxazole) (1.25 μg/23.75 

μg), Tetracycline (30 μg), Meropenem (10 μg), nitrofurantoin (300 μg) Nalidixic acid (30 μg) [16]. 

 

Genomic DNA was isolated from bacterial growth of forty selected E.coli isolates according to the protocol 

of ABIOpure Extraction kit (ABIOpure, USA) the chromosomal DNA then was subjected to conventional 

PCR and ARMS –PCR. Previously published primers and PCR cycling conditions were used for the 

detection of AcrA, AcrB, and TolC genes by conventional PCR [6]. Thereafter, 5µl of the PCR product was 

loaded into the wells of the agarose gel with a standard molecular weight DNA ladder (Bionear, South 
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Korea), and agarose gel-electrophoresis was done to visualize the PCR product. 

 

Mutation in AcrR was detected by ARMS PCR using the previously published primers [6]. 

 

Amplification-refractory mutation system polymerase chain reaction (ARMS-PCR)17 is based on the use of 

sequence-specific PCR primers(Tri primer)  Macrogen ,Korea. Amplicons were seen in a 1% agarose gel-

electrophoresis. 

 

3. Results 

 

3.1 Description of the study 

This study is a prospective study involving 264 patients with symptoms of urinary tract infection. Out of the 

264 midstream urine samples collected in this study, only100 (37.9 %) showed positive culture for E.coli 

bacteria growth. Demographic characters of the patients from which UPEC was isolated is mentioned in 

table 1. 

 

Table (1): Demographic characters of patients included in the study 

Age (years) 
  

 Mean ± SD 38.49±17.20  
 Range 5-79 

Gender 
 No (%) 

 Female  75(75%) 
 Male  25(25%) 

 

3.2 Pattern of antimicrobial susceptibility 

As mentioned previously the antibiotic sensitivity of E. coli isolates included in this study was done. Based 

on the antibiotic sensitivity results, these isolates were distributed according to the type of antibiotic 

resistance (table 2). A total of 67/100 (67%) isolates were multidrug resistance, while 22 % were 

extensively drug-resistant and only 11% of E.coli bacterial isolates were drug resistant. 

 

The majority of antibiotic resistance rates may be caused by unrestrained consumption because of easy 

access to ineffective and affordable medications. Furthermore, insufficient adherence to infection control 

guidelines, as well as inappropriate antibiotic use, could justify this. 

 

Table (2): type of drug resistance in E.coli (N=100) bacterial isolates. 

Type of resistance No. of isolation % 

DR 11 11% 

MDR 67 67% 

XDR 22 22% 

total 100 100 
 

3.3 Detection of AcrA, AcrB and TolC genes for E.coli 

Detection of AcrA, AcrB and TolC genes was done for 40 E.coli isolates and the result clarified that AcrA 

and TolC genes was found in all 40 isolates as shown in the figure(1 and 2) .On the other hand, AcrB was 

found in 38 isolates (figure 3).  
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Figure (1): Gel electrophoresis (1%) of amplified AcrA of E. coli isolates 

 

M: DNA ladder (100 bp). 1-19 E. coli isolates having AcrA gene (product   size 1194 bp). 

 

 
Figure (2): Gel electrophoresis (1%) of amplified TolC gene of E. coli isolates 

 

M: DNA ladder (100 bp). 1-19 E. coli isolates having TolC (product   size1194 bp). 
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Figure (3): Gel electrophoresis of amplified AcrB of E. coli isolates. 

 

M: DNA ladder (100 bp). The lines 1-19 are E. coli isolates having AcrB gene (with product size 761 bp), 

Lane 19: E.coli isolate negative for AcrB 

 

3.4 Detection of mutation in AcrR gene by ARMS-PCR 

Three primers were used in a single PCR reaction tube for the ARMS-PCR technique. As an internal 

amplification control, two outside primers intended to amplify a shared 805bp region bordering the 

mutation location were used. The inner primer was specific for the mutation and the amplicon was 530 bp 

long as shown in figure (4). The results of this study also documented that out of the 40 isolates tested, 37 

isolates (92.5%) had mutation in AcrR. 
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Figure (4): Agarose gel electrophoresis of ARMS PCR product for AcrR in E.coli 

 

M: DNA ladder (100 bp), Lane 1-19 showing a band size of (530 bp) corresponding to mutant AcrR.  

 

Table (3) summarizes the results of molecular detection of AcrAB-TolC pump genes, AcrR and the 

presence of mutation in AcrR regulator. 

 

Table 3: Percentage of AcrAB-TolC pump genes and mutant AcrR in E.coli 

Percentage of 

sample 

positive 

No. of 

total 

negative 

samples 

No. of 

positive 

samples 

Total No. of 

samples 

Genes 

100% 0 40 40 AcrA 

 

95% 2 

 

 

38 40 AcrB 

 

100% 0 40 40 ToIC 

 

100% 0 40 40 AcrR 

 

92.5% 3 

 

37 40 Murant AcrR 

 

 

4. Discussion 

It is estimated that more than 150 million individuals encounter infection in the urinary tract annually in 

both community and hospital related settings with an estimated prevalence rate of 11% in the whole 

population. 

 

Urinary tract infection can happen at any age with the prevalence increasing with age. An exception are 
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females aged 14-24 years who experience a spike in UTIs during this age group [18]. 

 

Among the most common pathogens causing UTIs is UPEC which has been reported as the most prevelant 

infectious agent in both uncomplicated and complicated UTIs [19]. 

 

According to the findings of the current study, EPEC can occur at any age (5-79 years) which is consistent 

with previous studies demonstrating that urinary tract infection can affect individuals at any age [20].  

 

Three quarters of UPEC isolated in the current study were from females due to several reasons (anatomical, 

pregnancy, re-current UTI and estrogen defeciency during menopause) [21]. 

 

Antimicrobial resistance is increasing at an alarming rate with more pathogens showing high degree of 

resistance to the most commonly used antibiotics. In some countries such as the United Kingdom, urinary 

tract infections are regarded as the second most common condition requiring the prescription of antibiotics 

which has resulted in the increase of multidrug resistant pathogens [22]. 

 

E.coli resistance to antibiotics may be related to the types of patients involved in each study , geographical 

distribution , severity of UTI , age and prior antibiotic use [23]. 

 

The vast majority (67%) of E.coli isolates included in this study were multidrug resistant. A number of 

studies in Iraq and elsewhere have reported that EPEC has become more resistant to an increasing number 

of the commonly used antibiotics [24- 26]. 

 

The percentage of MDR UPEC was lower (67 vs 80.5%) than what Assafi and colleuages have reported in 

Zakho in the north of Iraq which may be due to different sample size and duration of study [24]. 

 

Escherichia coli strains are among one of the most clinically isolated and thus has been exposed to 

increasing use of antibiotics. The ability of E.coli to pass antibiotic resistant genes to other bacteria who live 

in the same environment has made this bacterium a significant contributor in the spread of antibiotic 

resistance microoraganisms in both humans and animals. Although the process of antibiotic resistance is 

multifactorial, but the overuse/misuse of antibiotics seems to be a significant contributor [27]. 

 

Furthermore, the RND efflux pump AcrAB-TolC of E.coli has been identified as a prominant contributer to 

antibiotic resistance in this bacterium [28]. 

 

Some reports on other members of Enterobacteriaceae have reported that inactivation of components of 

homologes of AcrAB-TolC pump resulted in changes in the expression of a number of pathogenecity 

related genes highlighting that these efflux pumps play a regulatory role besides its antibiotic resistance role 

[29]. 

 

The current results have shown that AcrA, and TolC were found in all tested E.coli isolates which is 

consistent to what Ali and Al-Dahmoshi have recently reported in Iraq. However, the percentage of AcrB 

reported in the present study was slightly higher that what have observed in their local E.coli isolates ( 95 vs 

86%). In the aforementioned study, the presence of AcrAB-TolC pump associated with antiobiotic 

resistance and the biofilm forming ability of UPEC [30]. 

 

acrR is among the regulatory genes of the AcrAB-TolC pump and Webber and co-workers have previously 
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reported that mutation in certain regoins of acrR increase/induce the expression level of the aforementioned 

pump [31].  

 

In the present study, mutation in acrR was observed in all (92.5%) but three of the tested isolates. 

Interstingly all three isolates were not MDR which may imply that mutation in acrR may be a contributing 

factor to multidrug resistance. A previous study in Bangladish stated that When arginine mutates into 

cysteine at position 45 of AcrR, the AcrAB-TolC efflux pump may play a role in antibiotic resistance [6]. 

 

In conclusion, E.coli is still regarded as the most prevalent cause of community acquired urinary tract 

infection affectinf patients of all age groups.  Mutation in The AcrAB-TolC pump in UPEC may be a 

contributing element to multidrug resistance, however further studies on the expression level of AcrAB-

TolC pump in the presence of such mutation are needed. Expression and functionality should be studied 

more thoroughly and compared between drug-resistant and drug-susceptible isolates. 
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