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Abstract. Pseudomonas aeruginosa is  an opportunistic pathogen of  major global health concern, due to  its increasing 
multidrug resistance (MDR). One of the principal mechanism contributing to its MDR phenotype is the overexpression 
of efflux pump systems, particularly the MexAB-OprM complex. This study aimed to assess the prevalence, antibiotic 
susceptibility patterns, and phenotypic and genotypic profiles of  efflux pump-mediated resistance in  P.  aeruginosa 
clinical isolates. A total of one hundred clinical specimens were collected from patients admitted to Al-Khidmat Hospital, 
Peshawar. Antibiotic susceptibility was performed against ten antibiotics using the Kirby–Bauer disc diffusion method. 
Efflux pump activity was assessed using the ethidium bromide-agar cartwheel method, while the presence of the mexA 
and mexB genes was detected by polymerase chain reaction (PCR). Forty percent of clinical specimens yielded bacterial 
growth, with P. aeruginosa isolates more prevalent in males (54%). High resistance rates were observed against ceftazidime 
(82%), ciprofloxacin (70%), cefepime (61%), and levofloxacin (66%), whereas higher susceptibility was recorded for 
imipenem (76%), amikacin (73%), gentamicin (70%), and colistin (100%). Among the  isolates, 62.5% were classified 
as MDR, of which 68% demonstrated phenotypic efflux pump activity. Genotypic analysis revealed that 71% and 82% 
of MDR isolates harbored the mexA and mexB genes, respectively. These findings indicate a strong association between 
efflux pump overexpression and the MDR phenotype in  P.  aeruginosa. The high prevalence of mexA and mexB genes 
supports the major contribution of the MexAB-OprM efflux system to antimicrobial resistance in these clinical isolates. 
This study underscores the importance of routine molecular surveillance and suggests that efflux pump inhibitors (EPIs), 
in combination with conventional antibiotics, may represent a promising therapeutic strategy. Furthermore, these findings 
emphasize the  need for  strengthened antibiotic stewardship and targeted resistance monitoring to  effectively manage 
MDR P. aeruginosa infections.
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Резюме. Pseudomonas aeruginosa — условно-патогенный микроорганизм, представляющий существенную мировую 
угрозу для здоровья, главным образом из-за растущей мультирезистентности к антибиотикам. Одним из основных 
механизмов, способствующих развитию фенотипа множественной лекарственной устойчивости (МЛУ), является 
гиперэкспрессия систем эффлюксных насосов, в частности комплекса mexAB-OprM. Целью данного исследова-
ния была оценка распространенности, чувствительности к антибиотикам, а также определение фенотипических 
и генотипических профилей резистентности, опосредованных эффлюксными насосами, в клинических изоля-
тах P. aeruginosa. На чувствительность к 10 антибиотикам с применением метода Кирби–Бауэра было изучены 
100 клинических образцов из больницы Аль-Хидмат. Активность эффлюксных насосов оценивали методом метод 
«колеса тележки» на агаре с бромидом этидия (EtBr). Генотипическое определение генов mexA и mexB проводили 
методом ПЦР. В 40% клинических образцов наблюдался рост бактерий, при этом изоляты P. aeruginosa чаще встре-
чались у мужчин (54%). Высокий уровень резистентности наблюдался к нескольким распространенным антибио-
тикам, в частности к цефалоспоринам, фторхинолонам, цефтазидиму (82%), ципрофлоксацину (70%), цефепиму 
(61%) и левофлоксацину (66%). В отличие от этого, имипенем (76%), амикацин (73%) и гентамицин (70%), а так-
же колистин (100%) продемонстрировали сравнительно более высокую чувствительность. Среди изолятов 62,5% 
были классифицированы как мультирезистентные штаммы (MDR). Примечательно, что 68% MDR-изолятов 
проявляли фенотипическую активность эффлюксных насосов. Генотипический анализ подтвердил широкую 
представленность генов эффлюксных насосов: 71 и 82% MDR-изолятов были положительными на наличие генов 
mexA и mexB соответственно. Гиперэкспрессия эффлюксных насосов, особенно MexA и MexB, является главным 
фактором развития множественной лекарственной устойчивости (МЛУ) у P. aeruginosa. Выраженная представлен-
ность этих генов служит убедительным генетическим доказательством того, что система эффлюкса mexAB-OprM 
является доминирующим механизмом резистентности. Полученные результаты подчеркивают необходимость 
рутинного молекулярного мониторинга активности эффлюксных насосов в клинической диагностике и указы-
вают на терапевтический потенциал ингибиторов эффлюксных насосов (ИЭН). Комбинирование антибиотиков 
без устойчивости, таких как ципрофлоксацин или цефтазидим, с ИЭН может восстановить их эффективность 
и расширить возможности лечения инфекций с МЛУ. В целом результаты подчеркивают важность рационального 
использования антибиотиков, целенаправленного мониторинга резистентности и разработки комбинаций ИЭН-
антибиотиков в качестве перспективных стратегий борьбы с резистентными P. aeruginosa.

Ключевые слова: множественная лекарственная устойчивость, тестирование чувствительности к антибиотикам, 
комплекс mexAB-OprM, внутрибольничные инфекции, бактериальные заболевания, антибиотики.

Introduction

Pseudomonas aeruginosa is a rod-shaped, motile, 
heterotrophic Gram-negative bacterium, typically 
measuring 1–5 µm in length and 0.5–1 µm in width. 
It exhibits metabolic versatility, including the ability 
to  grow anaerobically when supplied with arginine. 
This ubiquitous environmental bacterium is  com-
monly found in soil, freshwater and marine environ-
ments, where it can decompose polycyclic aromatic 
hydrocarbons (PAH). It  is also frequently isolated 
from wastewater and sinks, both within and outside 
hospitals, often associated with human and ani-
mal contamination  [16]. Despite its broad environ-
mental distribution P.  aeruginosa is  often identified 
near coastal rivers, even in  samples from the  open 

ocean  [30]. P.  aeruginosa is  notorious for  causing 
a  wide array of  healthcare-associated infections 
(HAIs) in  hospitalized patients, including urinary 
tract infections (UTIs), bloodstream infections, sur-
gical site infections and pneumonia. Its remarkable 
adaptability enables it to contribute to a broad spec-
trum of  infectious diseases in  the general popula-
tion as well [37]. Infections are particularly common 
in  immunocompromised individuals, such as those 
with cystic fibrosis, neutropenia, severe burns, can-
cer, organ transplants and diabetes mellitus, as well 
as patients in intensive care units (ICUs) [24].

Preventing P.  aeruginosa infections is  vital as 
medical literature documents numerous outbreaks 
of  nosocomial infections, some traceable to  persis-
tent carriage states in healthcare personnel [31].
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Treatment of  P.  aeruginosa infections generally 
encompasses three primary kinds of antibiotics: fluo-
roquinolones, beta-lactams and aminoglycosides. 
However, this bacterium can develop high levels 
of  resistance through chromosomal mutations and 
the acquisition of resistance genes via genomic islands 
and transposons [27]. Treatment options are limited 
by antibiotic resistance. Globally, antibiotic-resistant 
bacteria cause approximately 700 000 fatalities an-
nually with projections indicating this number could 
reach 10 million by 2050. In the United States alone, 
antibiotic-resistant bacteria lead to over 2.9 million 
illnesses and 36 212 fatalities annually [40]. Specific 
environmental exposures, such as to  triclosan, have 
also been shown to  select for  multidrug-resistant 
(MDR) P. aeruginosa strains [12].

P. aeruginosa resists antimicrobials through vari-
ous mechanisms, including intrinsic resistance, ac-
quired resistance and adaptive resistance. Key in-
trinsic mechanisms involve a low-permeability outer 
membrane and constitutively expressed efflux pumps 
that actively expel antibiotics. Resistance can also 
arise from chromosomal mutations or the acquisition 
of  resistance genes via horizontal gene transfer  [8]. 
This inherent resistance to  multiple antimicrobial 
agents, combined with its propensity to develop re-
sistance during therapy, profoundly limits treatment 
options [2]. P. aeruginosa is notably characterized by 
the expression of robust efflux pump systems, which 
confer resistance to multiple classes of antibiotics and 
are a major contributor to its prominent antibiotic re-
sistance phenotype [7].

Efflux pumps membrane-bound protein com-
plexes that actively expel antibiotics and other toxic 
compounds from the bacterial cell are critical in ex-
acerbating antibiotic resistance. Overexpression 
of  specific efflux pump systems, such as MexdD-
OprJ, MexDF-OprNN, MexBA-OprNM and 
MexYX-OprA, significantly decreases antibiotic 
susceptibility  [13]. Among these the MexAB-OprM 
efflux pump is a prominent system in P. aeruginosa, 
responsible for expelling a wide range of antimicrobi-
al agents. This complex consists MexA, a membrane-
fusion protein; MexB, a membrane transport factor; 
and OprM an outer membrane channel, make up this 
complex [28].

According to  Centers for  Disease Control and 
Prevention (CDC), an estimated 50 985 cases 
of P. aeruginosa infections linked to healthcare occur 
in the US each year. More than 6100 (13%) of these 
cases are caused by bacterial strains that are resistant 
to  various medications  [33]. Similar resistance pat-
terns have been reported in other countries, includ-
ing Australia, the  UK and Denmark. These trends 
have prompted extensive research into novel thera-
peutic options, including combination therapies and 
aerosolized antibiotics such as aztreonam, tobramy-
cin, levofloxacin and liposomal amikacin particu-
larly for patients with cystic fibrosis  [11, 38]. In ad-

dition to  antibiotic resistance P.  aeruginosa utilizes 
a Type III Secretion System (T3SS) to inject effector 
exotoxins (ExoS, ExoT, ExoU and ExoY) into host 
cells. These toxins mimic host proteins and interfere 
with cellular signaling promoting immune evasion 
and disease progression [22].

Despite ongoing efforts to  combat antimicro-
bial resistance the  role of  efflux pump overexpres-
sion in contributing to MDR phenotypes in clinical 
isolates of  P.  aeruginosa remains underinvestigated 
in Pakistan, particularly in the Khyber Pakhtunkhwa 
region. We hypothesized that efflux pump overex-
pression, particularly involving the  MexAB-OprM 
system, is  a  major contributor to  the MDR pheno-
type in local clinical isolates. Therefore, the present 
study aimed to: Determine the prevalence of MDR 
among P. aeruginosa isolates from a tertiary care hos-
pital in Peshawar. Phenotypically assess efflux pump 
activity among MDR isolates. Genotypically detect 
the presence of MexA and MexB efflux pump genes 
in these isolates.

Materials and methods

This study was conducted at the  Microbiology 
Research Laboratory, Abasyn University, Peshawar. 
The samples were collected during September 2023 
to February 2024.

Sample collection. One hundred clinical samples 
(blood, urine, and pus) were collected from patients 
admitted to Al-Khidmat Hospital, Peshawar, during 
the  period from September 2023 to  February 2024. 
All samples were immediately placed in sterile con-
tainers, transported in an icebox to the Microbiology 
Research Laboratory at Abasyn University, Peshawar, 
and stored at –20°C in  a  laboratory freezer to  pre-
serve bacterial viability until processing. All samples 
were processed within 24 hours of collection to mini-
mize degradation and ensure reliable microbiological 
analysis.To avoid duplicate sampling and ensure in-
dependence of isolates, only the first culture-positive 
P. aeruginosa isolate from each patient was included 
in  the analysis. Patients of  both sexes and all age 
groups with clinically suspected bacterial infections 
were eligible for inclusion.

Bacterial isolation and identification. For bacterial 
isolation, samples were inoculated onto Blood Agar 
and MacConkey Agar and incubated at 37°C for 24 
to  48 hours. Bacterial isolates were initially identi-
fied based on  colony morphology and Gram stain-
ing. Further confirmation of P. aeruginosa was per-
formed using standard biochemical assays, including 
catalase and oxidase tests, and growth on Cetrimide 
Agar, a  selective medium that inhibits most other 
bacteria while promoting P.  aeruginosa growth and 
pyocyanin production [9, 15].

Antibiotic susceptibility testing (AST). Antibiotic 
susceptibility testing was performed using the Kirby–
Bauer disc diffusion method on  Mueller–Hinton 
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Agar, strictly following the Clinical and Laboratory 
Standards Institute (CLSI) 2023 guidelines [13, 37]. 
The panel of antibiotics tested included ceftazidime 
(30  µg), cefepime (30  µg), piperacillin/tazobactam 
(110 µg), meropenem (10 µg), imipenem (10 µg), az-
treonam (30  µg), ciprofloxacin (5  µg), levofloxacin 
(5  µg), norfloxacin (10  µg) and gentamicin (10  µg). 
Isolates demonstrating resistance to  three or more 
classes of antibiotics were categorized as multidrug-
resistant (MDR)  [10]. MDR strains were evaluated 
for efflux pump expression.

Phenotypic detection of efflux pump activity. Efflux 
pump activity was phenotypically assessed using 
the  ethidium bromide (EtBr) agar cartwheel meth-
od. Plates prepared with increasing concentrations 
of  EtBr (0.5–2.5 mg/L) were inoculated in  a  cart-
wheel pattern with bacterial isolates. Efflux pump ac-
tivity was determined by observing the extent of fluo-
rescence under UV light after incubation [5].

Genotypic detection of efflux pump genes. Genomic 
DNA was extracted from bacterial isolates us-
ing the  thermal lysis method  [6]. Polymerase chain 
reaction (PCR) was performed to  detect the  ef-
flux pump genes mexA and mexB using gene-spe-
cific primers. For  mexA, the  forward primer was 
5'-CAGGCCGTCAGCAAGCAG-3' and the reverse 
primer was 5'-CCTTGGTGTAGCGCAGGTTG-3, 
producing an amplicon of  100  bp  [34]. For  mexB, 
the  forward primer was 5'-GTGTTCGGCTCG
CAGTACTC-3' and the reverse primer was 5'-AAC
CGTCGGGATTGACCTTG-3, generating a 244 bp 
product [3].

The  25  µL reaction mixture contained 12.5  µL 
of  4X Master Mix, 3  µL template DNA, 1  µL each 
of  forward and reverse primers and 7.5  µL nuclease-
free water. Amplification was carried out under the fol-
lowing cycling conditions: initial denaturation at 
94°C for 5 minutes; 35 cycles of denaturation at 94°C 
for 30 seconds, annealing at 56°C for 35 seconds, and 
extension at 72°C for 2 minutes; followed by a final ex-
tension at 72°C for 5 minutes. PCR products were re-
solved by electrophoresis on 1.5% agarose gels stained 
with ethidium bromide, visualized under UV light, and 
documented using a gel imaging system [35].

Data analysis. Data obtained from phenotypic and 
genotypic assays were analyzed using descriptive and 
inferential statistical methods. Frequencies and per-
centages were calculated to summarize the distribu-
tion of isolates, antibiotic susceptibility patterns and 
efflux pump expression. Inferential analyses included 

one-way ANOVA to determine the effect of patient 
age groups and gender on antibiotic resistance levels 
for each tested antibiotic. For the ANOVA, patients 
were categorized into four age groups: 1–20, 21–40, 
41–60, and 61–80 years. Correlation analysis was 
performed to  assess co-resistance patterns among 
different antibiotics. Additionally, the  Chi-square 
test was used to evaluate the association between ef-
flux pump activity and multidrug resistance (MDR) 
status. Statistical significance was set at a  p-value 
< 0.05 for all analyses. All statistical tests were per-
formed using SPSS 20 (20 IBM, USA) software.

Results

Sample distribution and Pseudomonas aeruginosa 
isolation. A total of 100 clinical specimens compris-
ing pus (n = 40), blood (n = 35), and urine (n = 25) — 
were collected and processed. Of  these, 40  samples 
(40%) yielded positive growth for  P.  aeruginosa, 
resulting in  40 distinct isolates. The  distribution 
of  positive isolates across sample types was as fol-
lows: 40% from pus, 35% from blood, and 25% from 
urine. Among all samples, males accounted for 54% 
(n = 54) and females for 46% (n = 46), with a slightly 
higher prevalence of P. aeruginosa isolation observed 
in males (Table 1).

Patients were categorized into four age groups: 
1–20 years, 21–40 years, 41–60 years and 61–
80  years. The  mean age of  patients was 56.8±15.4 
years (range: 12–80 years). The majority of  isolates 
(57%) were from the 61–80 year age group, followed 
by 28% from 41–60 years, 9% from 21–40 years and 
6% from 1–20 years.

Antibiotic susceptibility test of P. aeruginosa isolates. 
Among the 40% P. aeruginosa isolates significant an-
tibacterial activity was observed for colistin, showing 
100% susceptibility against all isolates. Other highly 
active antibiotics included imipenem (76% suscep-
tibility), meropenem (75%), and amikacin (73%). 
In contrast, high resistance rates were noted against 
several commonly used antibiotics, particularly 
cephalosporins and fluoroquinolones. The  highest 
resistance was observed against ceftazidime (82%), 
followed by ciprofloxacin (70%), levofloxacin (66%), 
and cefepime (61%) (Fig. 1).

One-way ANOVA revealed that patient age had 
a  statistically significant effect on  antibiotic resist-
ance patterns for  all tested antibiotics (p  < 0.05). 
Resistance levels were generally higher in older pa-

Table 1. Characteristics of clinical samples and P. aeruginosa isolates

Parameter Details Numbers (%)
P. aeruginosa (+) (%) P. aeruginosa (–) (%)

Male Female Male Female

Sample

Blood 35% 8% 6% 10% 9%
Urine 25% 6% 4% 9% 8%
Pus 40% 8% 8% 13% 11%

Total 100% 22% 18% 32% 28%
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tients (61–80 years). Gender-based analysis showed 
significant associations between patient gender 
and resistance to ceftazidime (p < 0.001), cefepime 
(p  = 0.011), amikacin (p  = 0.011), and tobramycin 
(p = 0.013). No significant associations were found 
for gentamicin, tazobactam, or cefoperazone.

Detection of MDR strains. Among the 40 isolates, 
25 (62.5%) were multidrug-resistant (MDR; resist-
ant to  3 antibiotic classes), while 15 (37.5%) were 
non-MDR (Fig.  2). Correlation analysis was per-
formed to  identify relationships between the  resist-
ance patterns of  different antibiotics. The  results 
demonstrated strong positive correlations indicating 
the  presence of  co-resistance and multidrug resist-
ance (MDR) phenomena. A very strong positive cor-
relation was observed between resistance to cefepime 
and amikacin (r = 0.848). Similarly, high correlations 
were found among the  fluoroquinolone antibiotics 
ciprofloxacin, norfloxacin, and levofloxacin with all 
showing a Pearson correlation coefficient of r = 0.929 
with each other. These findings suggest that isolates 
resistant to one antibiotic are highly likely to also ex-

hibit resistance to others, possibly due to shared re-
sistance mechanisms including efflux pump activity. 
In contrast, resistance to colistin showed no correla-
tion with any other antibiotic and the data exhibited 
zero variance. This result is consistent with the ob-
servation that 100% of  the isolates were sensitive 
to  colistin indicating no detected resistance to  this 
antibiotic.

Phenotypic test for efflux pump expression. After as-
sessment of MDR strains of P. aeruginosa all strains 
were analyzed for confirmation of efflux pump activ-
ity. Out of the 25 MDR strains, 17 (68%) were found 
to  produce efflux pumps, which is  directly related 
to multidrug resistance. The remaining 8 (32%) were 
found to  not produce efflux pumps (Fig.  3). Chi-
square analysis demonstrated a  statistically signifi-
cant association between efflux pump activity and 
MDR status (χ2 = 22.7, df = 1, p < 0.0001), indicating 
a strong correlation between efflux pump expression 
and multidrug resistance.

Correlation of  efflux pump producers with MDR. 
The results of the analysis showed that efflux pump 

Figure 1. Antibiotic resistance and susceptibility profiles of P. aeruginosa isolates (n = 40)

Figure 2. Prevalence of multidrug-resistant (MDR) 
and non-MDR P. aeruginosa strains (n = 40)

Figure 3. Phenotypic assessment of efflux pump 
activity in multidrug-resistant (MDR) P. aeruginosa 
isolates (n = 25 MDR strains)
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expression and multidrug resistance were positive-
ly correlated with MDR strains being more likely 
to produce efflux pumps. 13 (76%) of  the 17 strains 
that produced efflux pumps were resistant to  the 
beta-lactam antibiotic ceftazidime, 11 (65%) to  the 
fluoroquinolone ciprofloxacin, 8 (47%) to levofloxa-
cin and 7 (41%) to Cefepime (Fig. 4).

Amplification of  mexA  and mexB gene. Among 
the  17 P.  aeruginosa isolates, 12 (71%) tested posi-
tive for the mexA gene showing efflux pump expres-
sion, while 5 (29%) were negative. A 100 bp band was 
observed using a  100  bp DNA ladder. Similarly, 14 
isolates (82%) were positive for  the mexB gene with 
a 244 bp band detected, whereas 3 (18%) were nega-
tive (Table 2 and Fig. 5).

Discussion

The  present study provides insight into the  bur-
den of  multidrug resistance and efflux pump–me-
diated antibiotic resistance in  Pseudomonas aerugi-
nosa isolates recovered from a tertiary care hospital 
in  Peshawar. P.  aeruginosa was isolated from 40% 
of  clinical specimens, highlighting its substantial 
contribution to  healthcare-associated infections 
in this setting. Although this isolation rate is higher 
than that reported by Abdallah et al. (2021), who 
documented a  prevalence of  29.4% across multiple 
specimen types, such variation is expected due to dif-
ferences in patient populations, clinical settings, and 
specimen sources [1].

In  the present study, the antibiotic susceptibility 
profile revealed significant variability. Colistin re-
mained the most potent agent (100% susceptibility), 
followed by imipenem (76%) and amikacin (73%), 
aligning with prior studies that have identified car-
bapenems and aminoglycosides as among the  most 
effective classes  [18]. In  contrast, high resistance 
rates were observed against third and fourth genera-
tion cephalosporins and fluoroquinolones, including 
ceftazidime, cefepime, ciprofloxacin, and levofloxa-
cin. These findings align with the resistance patterns 
reported by Hirsch et al. (2010), who documented 

extensive resistance to cephalosporins and β-lactam/ 
β-lactamase inhibitor combinations [20]. Collectively,  
these findings underscore the  critical importance 
of  susceptibility-guided therapy to  improve clinical 
outcomes in P. aeruginosa infections.

The  treatment of  P.  aeruginosa infections remains 
challenging due to both intrinsic and acquired resist-
ance mechanisms. Carbapenems, such as imipenem 
and meropenem, are often considered first-line agents; 
notably, in  our study, they demonstrated relatively 
high susceptibility rates (76% and 75%, respectively). 
However, the global rise in carbapenem resistance re-
ported in 10–50% of isolates in some countries [14], un-
derscores the diminishing utility of even these critically 
important agents. This trend highlights the urgent need 
to understand and address underlying resistance mech-
anisms, such as efflux pump overexpression, which 
contribute to multidrug-resistant phenotypes.

In  the present study, 68% (17/25) of  multidrug-
resistant (MDR) P.  aeruginosa isolates showed ef-
flux pump activity, and the overall MDR prevalence 
was 62.5%. This rate is  considerably higher than 
those reported from Canada (5.9–10%), Germany 
(19%), and Malaysia (19.6%)  [25, 26, 42]. However, 
direct numerical comparisons should be interpreted 
cautiously, as antimicrobial resistance is heavily in-
fluenced by local prescribing practices, infection-
control measures, and healthcare infrastructure. 

Figure 4. Antibiotic resistance profiles of efflux 
pump-producing P. aeruginosa multidrug-resistant 
strains (n = 17 efflux pump producers)

Table 2. Detection frequency of mexA and mexB genes in efflux pump-positive P. aeruginosa isolates (n = 17)
Genes name Total samples Detected Non detected

mex A 17 (100%) 12 (71%) 5 (29%)
mex B 17 (100%) 14 (82%) 3 (18%)

Figure 5. Gel electrophoresis of amplified gene. (A) mexA gene (100 bp); (B) mexB gene (244 bp)

A B
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In  Pakistan, factors such as widespread empirical 
antibiotic use, over-the-counter antibiotic availabil-
ity, and high patient burdens in tertiary care hospitals 
may contribute to elevated MDR rates [4].

Efflux pump overexpression is a well-established 
mechanism contributing to  reduced antibiotic sus-
ceptibility in  P.  aeruginosa by actively expelling 
structurally diverse antimicrobial agents. Previous 
studies have demonstrated high expression frequen-
cies of  efflux pump components, including MexB, 
MexC, MexE, and MexY, particularly among ICU 
isolates, with corresponding resistance to β-lactams, 
fluoroquinolones, and carbapenems [41].

In  the present study, among the  17 MDR efflux 
pump-producing isolates, 13 (76.47%) exhibited co-
resistance to  b-lactams and fluoroquinolones, with 
resistance rates of 76.5% to  ceftazidime and 64.7% 
to ciprofloxacin. These findings are consistent with 
previous reports highlighting efflux systems as ma-
jor contributors to multidrug resistance in P. aerugi-
nosa  [19, 41]. For  instance, Habib et al. (2025) re-
ported active efflux in the majority of MDR isolates 
examined [19], while other studies have specifically 
linked efflux pump overexpression to  carbapenem 
and fluoroquinolone resistance [21].

Genotypic analysis in  this study confirmed 
the  presence of  efflux pump genes in  these isolates: 
70.6% were positive for  mexA and 82.4% for  mexB, 
supporting the  role of  the MexAB-OprM system 
in the observed resistance phenotype. This is consist-
ent with studies that detected mexAB-oprM and related 
genes in amoxicillin-clavulanate-resistant isolates and 
linked them to  broad-spectrum resistance beyond 
b-lactams, including fluoroquinolones  [17, 23, 29]. 
Another study reported the presence of the MexAB-
OprM system in  80% of  ciprofloxacin-resistant iso-
lates  [32], emphasizing the  potential for  cross-resist-
ance driven by shared efflux mechanisms.

The remarkable adaptive capacity of P. aeruginosa 
enables it to persist in hostile environments and devel-
op resistance to multiple antibiotic classes. Previous 
studies, including the present findings, demonstrate 
that a substantial proportion of clinical isolates har-
bor efflux pump related genes such as  mexB and 
exhibit multidrug resistance to β-lactams, amino-
glycosides, fluoroquinolones, and carbapenems [19, 
23]. Together, these findings highlight the  clinical 
relevance of  efflux pump mediated resistance and 
underscore the need for targeted antibiotic therapies 
and further genetic investigations to effectively com-
bat multidrug-resistant P. aeruginosa infections.

Conclusion

This study revealed a  high prevalence of  mul-
tidrug-resistant Pseudomonas aeruginosa (62.5%) 
among clinical isolates from a tertiary care hospital 
in  Peshawar. A  strong phenotypic association was 
observed between efflux pump activity and the MDR 
phenotype, with 68% of MDR isolates exhibiting ef-
flux pump function. Genotypic analysis confirmed 
the  frequent presence of  the mexA and mexB genes 
in these isolates. Collectively, these findings demon-
strate the frequent occurrence of efflux pump activity 
and efflux-related genes among MDR P. aeruginosa 
and underscore the  need for  ongoing surveillance 
and antimicrobial stewardship to  address resistant 
infections.

Acknowledgment

We acknowledge the Abasyn university, Peshawar 
for  providing the  necessary facilities and resources 
to conduct this research

Additional information

Authors contribution. Abdullah: Methodology; 
Kashif Bashir: Supervision; Abdul Waheed Khan: 
Investigation; Faiz Ur Rehman and Zarkish Tariq: 
Manuscript writing, Editing; Moheb Khan: Review; 
Khuzin Dinislam: Data Curation.

Competing interest. The  authors have declared 
that there is no conflict of interest regarding the pub-
lication of this article.

Availability of  data and materials. Data is  used 
within manuscript.

Consent for publication. Not Applicable.
Funding. The authors received no financial sup-

port for the research, authorship, and/or publication 
of this article.

Ethics approval and consent to  participate. Studies 
have been approved by the Ethical committee of Depart
ment of health and biological sciences Abasyn university 
(Date: 25.12.2023/Approval Number: 135).

All procedures performed in studies involving hu-
man participants were in accordance with the ethical 
standards of the institutional and/or national research 
committee and with the  1964 Helsinki declara-
tion and its later amendments or comparable ethical 
standards.

All methods used in this study were performed in ac-
cordance with the relevant guidelines and regulations.

References

1.	 Abdallah A.L., El Azawy D.S., Mohammed H.A., El Maghraby H.M. Expression of MexAB-OprM Efflux Pump System and 
Meropenem Resistance in Pseudomonas aeruginosa Isolated from Surgical Intensive Care Unit. Microbes Infect. Dis., 2021, vol. 2, 
no. 4, pp. 781–789. doi: 10.21608/mid.2021.92720.1187

2.	 Abushaheen M.A., Muzaheed, Fatani A.J., Alosaimi M., Mansy W., George M., Acharya S., Rathod S., Divakar D.D., Jhugroo C., 
Vellappally S., Khan A.A., Shaik J., Jhugroo P. Antimicrobial Resistance, Mechanisms and Its Clinical Significance. Dis. Mon., 
2020, vol. 66, no. 6: 100971. doi: 10.1016/j.disamonth.2020.100971



295

2026, Т. 16, № 2 Efflux pumps and antibiotic resistance in P. aeruginosa

3.	 Aghazadeh M., Hojabri Z., Mahdian R., Nahaei M.R., Rahmati M., Hojabri T., Pirzadeh T., Pajand O. Role of Efflux Pumps: 
MexAB-OprM and MexXY(-OprA), AmpC Cephalosporinase and OprD Porin in  Non-Metallo-β-Lactamase Producing 
Pseudomonas aeruginosa Isolated from Cystic Fibrosis and Burn Patients. Infect. Genet. Evol., 2014, vol.  24, pp.  187–192. 
doi: 10.1016/j.meegid.2014.03.018

4.	 Aloush V., Navon-Venezia S., Seigman-Igra Y., Cabili S., Carmeli Y. Multidrug-Resistant Pseudomonas aeruginosa: Risk Factors 
and Clinical Impact. Antimicrob. Agents Chemother., 2006, vol. 50, no. 1, pp. 43–48. doi: 10.1128/AAC.50.1.43-48.2006

5.	 Altınöz E., Altuner E.M. Observing the Presence of Efflux Pump Activities in Some Clinically Isolated Bacterial Strains. Int. 
J. Biol. Chem., 2022, vol. 15, no. 1, pp. 48–54. doi: 10.26577/ijbch.2022.v15.i1.05

6.	 Amsalu A., Sapula S.A., De Barros Lopes M., Hart B.J., Nguyen A.H., Drigo B., Turnidge J., Leong L.E., Venter H. Efflux 
Pump-Driven Antibiotic and Biocide Cross-Resistance in Pseudomonas aeruginosa Isolated from Different Ecological Niches. 
Microorganisms, 2020, vol. 8, no. 11: 1647. doi: 10.3390/microorganisms8111647

7.	 Botelho J., Grosso F., Peixe L. Antibiotic Resistance in Pseudomonas aeruginosa – Mechanisms, Epidemiology and Evolution. 
Drug Resist. Updat., 2019, vol. 44: 100640. doi: 10.1016/j.drup.2019.07.002

8.	 Breidenstein E.B.M., De La Fuente-Núñez C., Hancock R.E.W. Pseudomonas aeruginosa: All Roads Lead to Resistance. Trends 
Microbiol., 2011, vol. 19, no. 8, pp. 419–426. doi: 10.1016/j.tim.2011.04.005

9.	 Brown V.I., Lowbury E.J.L. Use of an Improved Cetrimide Agar Medium and of Culture Methods for Pseudomonas aeruginosa. 
J. Clin. Pathol., 1965, vol. 18, no. 6, pp. 752–756. doi: 10.1136/jcp.18.6.752

10.	 Burgess  D.S., Nathisuwan  S. Cefepime, Piperacillin/Tazobactam, Gentamicin, Ciprofloxacin, and Levofloxacin Alone and 
in Combination Against Pseudomonas aeruginosa. Diagn. Microbiol. Infect. Dis., 2002, vol. 44, no. 1, pp. 35–41. doi: 10.1016/
S0732-8893(02)00420-0

11.	 Chatterjee M., Anju C.P., Biswas L., Anil Kumar V., Gopi Mohan C., Biswas R. Antibiotic Resistance in Pseudomonas aerugi-
nosa and Alternative Therapeutic Options. Int. J. Med. Microbiol., 2016, vol. 306, no. 1, pp. 48–58. doi: 10.1016/j.ijmm.2015.11.004

12.	 Chuanchuen  R., Beinlich  K., Hoang  T.T., Becher  A., Karkhoff-Schweizer  R.R., Schweizer  H.P. Cross-Resistance Between 
Triclosan and Antibiotics in Pseudomonas aeruginosa Is Mediated by Multidrug Efflux Pumps: Exposure of a Susceptible Mutant 
Strain to  Triclosan Selects nfxB Mutants Overexpressing MexCD-OprJ. Antimicrob. Agents Chemother., 2001, vol.  45, no.  2, 
pp. 428–432. doi: 10.1128/AAC.45.2.428-432.2001

13.	 Colclough  A.L., Alav  I., Whittle  E.E., Pugh  H.L., Darby  E.M., Legood  S.W., McNeil  H.E., Blair  J.M. RND Efflux Pumps 
in  Gram-Negative Bacteria: Regulation, Structure and Role in  Antibiotic Resistance. Future Microbiol., 2020, vol.  15, no.  2, 
pp. 143–157. doi: 10.2217/fmb-2019-0235

14.	 Çopur Çiçek A., Ertürk A., Ejder N., Rakici E., Kostakoğlu U., Esen Yıldız İ., Özyurt S., Sönmez E. Screening of Antimicrobial 
Resistance Genes and Epidemiological Features in Hospital and Community-Associated Carbapenem-Resistant Pseudomonas 
aeruginosa Infections. Infect. Drug Resist., 2021, vol. 14, pp. 1517–1526. doi: 10.2147/IDR.S299742

15.	 Dhungel S., Rijal K.R., Yadav B., Dhungel B., Adhikari N., Shrestha U.T., Adhikari B., Banjara M.R., Ghimire P. Methicillin-
Resistant Staphylococcus aureus (MRSA): Prevalence, Antimicrobial Susceptibility Pattern, and Detection of mecA Gene among 
Cardiac Patients from a Tertiary Care Heart Center in Kathmandu, Nepal. Infect. Dis. (Auckl.), 2021, vol. 14: 11786337211037355. 
doi: 10.1177/11786337211037355

16.	 Diggle S.P., Whiteley M. Microbe Profile: Pseudomonas aeruginosa Opportunistic Pathogen and Lab Rat: This Article Is Part 
of the Microbe Profiles Collection. Microbiology, 2020, vol. 166, no. 1, pp. 30–33. doi: 10.1099/mic.0.000860

17.	 Ehiagbe I., Ehiagbe F., Akinshipe B., Ilobanafor R. Fluoroquinolone Efflux Pump of Pseudomonas aeruginosa. Niger. J. Exp. 
Biol., 2019, vol. 11, no. 4.

18.	 Fazeli H., Sadighian H., Nasr-Esfahani B., Pourmand M.R. Identification of Class-1 Integron and Various β-Lactamase Classes among 
Clinical Isolates of Pseudomonas aeruginosa at Children’s Medical Center Hospital. J. Med. Bacteriol., 2012, no. 3-4, pp. 25–36.

19.	 Habib M.B., Shah N.A., Amir A., Alghamdi H.A., Tariq M.H., Nisa K., Ammoun M. Decoding MexB efflux pump genes: struc-
tural, molecular, and phylogenetic analysis of multidrug-resistant and extensively drug-resistant Pseudomonas aeruginosa. Front. 
Cell. Infect. Microbiol., 2025, vol. 14, no. 15: 19737. doi: 10.3389/fcimb.2024.1519737

20.	 Hirsch  E.B., Tam  V.H. Impact of  Multidrug-Resistant Pseudomonas aeruginosa Infection on  Patient Outcomes. Expert Rev. 
Pharmacoecon. Outcomes Res., 2010, vol. 10, no. 4, pp. 441–451. doi: 10.1586/erp.10.49

21.	 Khalili Y., Memar M.Y., Farajnia S., Adibkia K., Kafil H.S., Ghotaslou R. Molecular Epidemiology and Carbapenem Resistance 
of Pseudomonas aeruginosa Isolated from Patients with Burns. J. Wound Care, 2021, vol. 30, no. 2, pp. 135–141. doi: 10.12968/
jowc.2021.30.2.135

22.	 Mishra M., Byrd M.S., Sergeant S., Azad A.K., Parsek M.R., McPhail L., Schlesinger L.S., Wozniak D.J. Pseudomonas aer-
uginosa Psl Polysaccharide Reduces Neutrophil Phagocytosis and the Oxidative Response by Limiting Complement-Mediated 
Opsonization. Cell. Microbiol., 2012, vol. 14, no. 1, pp. 95–106. doi: 10.1111/j.1462-5822.2011.01704.x

23.	 Mohseni  N., Rad  M., Mokhtari  A.R., Yahyaraeyat  R., Zahraie Salehi  T. Evaluation of  MexAB-OprM Efflux Pump and 
Determination of Antimicrobial Susceptibility in Pseudomonas aeruginosa Human and Veterinary Isolates. Bulg. J. Vet. Med., 
2021, vol. 24, no. 2, pp. 200–207. doi: 10.15547/bjvm.2019-0070

24.	 Mulcahy L.R., Isabella V.M., Lewis K. Pseudomonas aeruginosa Biofilms in Disease. Microb. Ecol., 2014, vol. 68, no. 1, pp. 1–12. 
doi: 10.1007/s00248-013-0297-x

25.	 Narten  M., Rosin  N., Schobert  M., Tielen  P. Susceptibility of  Pseudomonas aeruginosa Urinary Tract Isolates and Influence 
of Urinary Tract Conditions on Antibiotic Tolerance. Curr. Microbiol., 2012, vol. 64, no. 1, pp. 7–16. doi: 10.1007/s00284-011-0026-y

26.	 Pathmanathan S.G., Samat N.A., Mohamed R. Antimicrobial susceptibility of clinical isolates of Pseudomonas aeruginosa from 
a Malaysian Hospital. Malays. J. Med. Sci., 2009, vol. 16, no. 2, pp. 27–32

27.	 Piklu R.C., Scott M.J., Djordjevic S.P. Genomic Islands 1 and 2 Carry Multiple Antibiotic Resistance Genes in Pseudomonas aer-
uginosa ST235, ST253, ST111 and ST175 and Are Globally Dispersed. J. Antimicrob. Chemother., 2017, vol. 72, no. 2, pp. 620–622. 
doi: 10.1093/jac/dkw471



296

Инфекция и иммунитетA. Ullah et al.

28.	 Poole K. Pseudomonas aeruginosa: Resistance to the Max. Front. Microbiol., 2011, vol. 2: 65. doi: 10.3389/fmicb.2011.00065
29.	 Quddus S., Liaqat Z., Azam S., Haq M.U., Ahmad S., Alharbi M., Khan I. Identification of Efflux Pump Mutations in Pseudomonas 

aeruginosa from Clinical Samples. Antibiotics (Basel), 2023, vol. 12, no. 3: 486. doi: 10.3390/antibiotics12030486
30.	 Reineke W., Schlömann M. Microorganisms at Different Sites: Living Conditions and Adaptation Strategies. In: Reineke W., 

Schlömann M. (eds.) Environmental Microbiology. Berlin: Springer, 2023, pp. 349–396. doi: 10.1007/978-3-662-66547-3_10
31.	 Reynolds  D., Kollef  M. The  Epidemiology, Pathogenesis and Treatment of  Pseudomonas aeruginosa Infections: An Update. 

Drugs, 2021, vol. 81, no. 18, pp. 2117–2131. doi: 10.1007/s40265-021-01635-6
32.	 Rudy M.A., Dolatabadi S., Zare H., Ghazvini K. Characterization of Efflux Pump-Mediated Resistance Against Fluoroquinolones 

among Clinical Isolates of  Pseudomonas aeruginosa in  the Northeast of  Iran and Its Association with Mortality of  Infected 
Patients. Acta Microbiol. Hellen., 2019, vol. 64, no. 1, pp. 41–51.

33.	 Sabuda D.M., Laupland K., Pitout J., Dalton B., Rabin H., Louie T., Conly J. Utilization of Colistin for Treatment of Multidrug-
Resistant Pseudomonas aeruginosa. Can. J. Infect. Dis. Med. Microbiol., 2008, vol. 19, no. 6, pp. 413–418. doi: 10.1155/2008/743197

34.	 Sambrook J., Russell D.W. Detection of DNA in Agarose Gels. CSH Protoc., 2006, vol. 2006, no. 1: pdb.prot4022. doi: 10.1101/
pdb.prot4022

35.	 Shigemura K., Osawa K., Kato A., Tokimatsu I., Arakawa S., Shirakawa T., Fujisawa M. Association of Overexpression of Efflux 
Pump Genes with Antibiotic Resistance in Pseudomonas aeruginosa Strains Clinically Isolated from Urinary Tract Infection 
Patients. J. Antibiot., 2015, vol. 68, no. 9, pp. 568–572. doi: 10.1038/ja.2015.34

36.	 Tasneem  U., Majid  M., Mehmood  K., Rehman  F.R.U., Andleeb  S., Jamal  M. Co-Occurrence of  Antibiotic Resistance and 
Virulence Genes in Methicillin-Resistant Staphylococcus aureus (MRSA) Isolates from Pakistan. Afr. Health Sci., 2022, vol. 22, 
no. 1, pp. 486–495. doi: 10.4314/ahs.v22i1.57

37.	 Valot B., Guyeux C., Rolland J.Y., Mazouzi K., Bertrand X., Hocquet D. What It Takes to Be a Pseudomonas aeruginosa? The Core 
Genome of the Opportunistic Pathogen Updated. PLoS One, 2015, vol. 10, no. 5: e0126468. doi: 10.1371/journal.pone.0126468

38.	 Waters  V., Smyth  A. Cystic Fibrosis Microbiology: Advances in  Antimicrobial Therapy. J.  Cyst. Fibros., 2015, vol.  14, no.  5, 
pp. 551–560. doi: 10.1016/j.jcf.2015.02.005

39.	 Watts J.L. Performance Standards for Antimicrobial Disk and Dilution Susceptibility Tests for Bacteria Isolated from Animals: 
Approved Standard. Wayne, PA: National Committee for Clinical Laboratory Standards, 1999. 64 p.

40.	 Willyard C. The Drug-Resistant Bacteria That Pose the Greatest Health Threats. Nature, 2017, vol. 543, no. 7643: 15. doi: 10.1038/
nature.2017.21550

41.	 Zahedi Bialvaei A., Rahbar M., Hamidi-Farahani R., Asgari A., Esmailkhani A., Mardani Dashti Y., Soleiman-Meigooni S. 
Expression of RND Efflux Pumps Mediated Antibiotic Resistance in Pseudomonas aeruginosa Clinical Strains. Microb. Pathog., 
2021, vol. 153: 104789. doi: 10.1016/j.micpath.2021.104789

42.	 Zhanel G.G., DeCorby M., Adam H., Mulvey M.R., McCracken M., Lagacé-Wiens P., Nichol K.A., Wierzbowski A., Baudry P.J., 
Tailor F., Karlowsky J.A., Walkty A., Schweizer F., Johnson J., Hoban D.J. Prevalence of Antimicrobial-Resistant Pathogens 
in Canadian Hospitals: Results of  the Canadian Ward Surveillance Study (CANWARD 2008). Antimicrob. Agents Chemother., 
2010, vol. 54, no. 11, pp. 4684–4693. doi: 10.1128/AAC.00469-10

Авторы:
Улла А., магистр, аспирант, кафедра наук о здоровье 
и биологических наук, Университет Абасин, г. Пешавар, пров. 
Хайбер-Пахтунхва, Пакистан;
Башир К., PhD, преподаватель, кафедра наук о здоровье 
и биологических наук, Университет Абасин, г. Пешавар, пров. 
Хайбер-Пахтунхва, Пакистан;
Хан А.В., аспирант, Институт биотехнологии и микробиологии, 
Университет имени Баха Хана, г. Чарсадда, пров. Хайбер-
Пахтунхва, Пакистан;
Хан М., PhD, научный сотрудник, Центр циркадных часов, 
Сучжоуский университет, г. Сучжоу, пров. Цзянсу, Китай;
Тарик З., аспирант, кафедра зоологии, Университет науки 
и технологий, г. Банну, пров. Хайбер-Пахтунхва, Пакистан;
Фалак Н., магистр, факультет реабилитационных и смежных 
медицинских наук, Международный университет Рифа, кампус 
Малаканд, г. Чакдара, пров. Хайбер-Пахтунхва, Пакистан;
Рахман Ф.У., магистр, преподаватель, кафедра зоологии, 
Правительственный колледж перспективных наук, г. Пешавар, 
пров. Хайбер-Пахтунхва, Пакистан.

Authors:
Ullah A., M.Phil, Student, Department of Health and Biological 
Sciences, Abasyn University, Peshawar, Khyber Pakhtunkhwa, 
Pakistan;
Bashir K., PhD, Lecturer, Department of Health and Biological 
Sciences, Abasyn University, Peshawar, Khyber Pakhtunkhwa, 
Pakistan;
Khan A.W., PhD Student, Institute of Biotechnology & Microbiology, 
Bacha Khan University, Charsadda, Khyber Pakhtunkhwa, Pakistan;
Khan M., PhD, Scholar, Center for Circadian Clocks, Soochow 
University, Jiangsu, Suzhou, China;
Tariq Z., Student, Department of Zoology, University of Science and 
Technology, Bannu, Khyber Pakhtunkhwa, Pakistan;
Falak N., M.Phil, Faculty of Rehabilitation and Allied Health 
Sciences, Riphah International University, Malakand Campus 
Chakdara, Khyber Pakhtunkhwa, Pakistan;
Rehman F.U., M.Phil, Lecturer, Department of Zoology, Government 
Superior Science College, Peshawar, Khyber Pakhtunkhwa, 
Pakistan.

Поступила в редакцию 27.09.2025
Отправлена на доработку 26.11.2025
Принята к печати 05.03.2026

Received 27.09.2025
Revision received 26.11.2025
Accepted 05.03.2026


