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Abstract

Pseudomonas aeruginosa is an opportunistic pathogen of significant global health
concern, largely due to its escalating resistance to multiple antibiotics. A major
mechanism contributing to its multidrug resistance (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.

One hundred clinical specimens were collected from Al-Khidmat Hospital.
Antibiotic susceptibility was tested against ten antibiotics using the Kirby-Bauer
method, while efflux pump activity was assessed via the ethidium bromide—agar
cartwheel method. Genotypic detection of mexA and mexB genes was performed by
PCR.

Forty percent of clinical samples yielded bacterial growth, with P. aeruginosa
isolates more prevalent in males (54%). High resistance rates were observed against
several commonly used antibiotics, particularly cephalosporins, fluoroquinolones,
ceftazidime (82%), ciprofloxacin (70%), cefepime (61%) and levofloxacin (66%).
In contrast, imipenem (76%), amikacin (73%) and gentamicin (70%) colistin
showing (100%) susceptibility demonstrated comparatively higher susceptibility.
Among the isolates, 62.5% were classified as MDR strains. Notably, 68% of MDR
isolates exhibited phenotypic efflux pump activity. Genotypic analysis confirmed
the widespread presence of efflux pump genes, with 71% and 82% of MDR isolates
positive for mexA and mexB, respectively. Efflux pump overexpression, particularly
involving mexA and mexB is a major driver of MDR in P. aeruginosa. The
widespread detection of these genes provides strong genetic evidence that the
mexAB-OprM efflux system is the dominant resistance mechanism in this
population. These findings underscore the need for routine molecular surveillance
of efflux activity in clinical diagnostics and highlight the therapeutic potential of

efflux pump inhibitors (EPIs). Combining otherwise resistance antibiotics, such as
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ciprofloxacin or ceftazidime, with EPIs may restore their efficacy and expand

treatment options for MDR infections. Overall, the results emphasize the importance
of antibiotic stewardship, targeted resistance monitoring and the development of

EPIl-antibiotic combinations as future strategies to manage P. aeruginosa resistance.

Keywords: Multidrug resistance, Antibiotic susceptibility testing, mexAB-OprM

complex, Hospital-acquired infections, bacterial disease, Antibiotics.
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Pe3rome

Pseudomonas  aeruginosa  —  yCJIOBHO-TIATOTCHHBIH  MHKPOOPTaHU3M,
MPEACTABISIONINI CYIIECTBEHHYI0O MHPOBYIO YIpo3y M 300pOBbs, TJABHBIM
o0pa3oM H3-3a pacTyliell MyJIbTUPE3UCTEHTHOCTH K aHTUOMOTHKaM. OgHUM H3
OCHOBHBIX MEXaHHU3MOB, CIIOCOOCTBYIOLIUX Pa3BUTHIO (DEHOTHIIA MHO>KECTBEHHOM
JekapcTBeHHOM ycroiumBoctr (MJIY), sBnsercs TUNEpIKCIpecCcHs CUCTEM
7 (}ITIOKCHBIX HACOCOB, B 4aCTHOCTH KoMiuiekca mexAB-OprM. Llensio nanHoro
UCCJIEI0BAHUS OBLIIO OLICHUTh pacupoCTPaHEHHOCT, 0COOEHHOCTH
YyBCTBUTEIBHOCTU K aHTUOMOTHKAM, a TaKkKe (EHOTUMNYECKUE U TEHOTUITUYECKUE
npouiin  PE3UCTEHTHOCTH, OIMOCPEAOBAHHONW J(QIIIOKCHBIMU Hacocamu, B
KIIMHUYECKUX n3oJisaTax P. aeruginosa.

BbII0 M3y4YeHBl CTO KIMHUYECKUX OO0pa3ioB U3 OOJbHUIIBI Ajb-Xuamar ea
YyBCTBUTEIBHOCTh K JIECSITH AHTUOMOTHMKAM C TpuUMeHeHueM Metonaa KupOu-
bayspa. AKTUBHOCTb 3((IIOKCHBIX HACOCOB OLIEHUBAJIM METOJOM METOJ| «KoJieca
TeneXKn» Ha arape ¢ opomunom >tunusa (EtBr). I'enotunuueckoe ompenenenue
reHoB mexA u mexB npoBoaunu metogom I11P.

B 40% xnuHuueckux o0pasioB HAOIIOAJIC pOCT OaKTEpHil, MPU STOM H30JIATHI P.
aeruginosa yamie BcTpeyanuch y MyxkuuH (54%). Bbicokuii  ypoBeHb
PE3UCTEHTHOCTH HAOIIOAJICS K HECKOJIBKUM PaclpOCTPaHEHHBIM aHTHOUOTHKAM, B
yacTHOCTH K 1edanmocnopunaM, @ropxunoionam, 1medrazuaumy (82%),
nunpodaokcauny (70%), uepenumy (61%) u nesoduiokcanuny (66%). B ornuuune
ot »storo, umurnenem (76%), amukamuna (73%) u renramunun (70%), a Taxxke
komuctuH  (100%) TpoJEeMOHCTPUPOBAIM  CPaBHUTEIBHO 0o0Jee  BBICOKYIO
YyBCTBUTEIBHOCTb. Cpenu u30asiToB 62,5% OblIM  KiIacCU(UIMPOBAHBI  Kak
MysbTHpe3ucTeHTHbIE mTaMMbl (MDR). Ilpumeuarensho, uro 68% MDR-u3omnstoB
MIPOSIBIISLIIN (EeHOTUINYECKYTIO aKTUBHOCTh 3¢ PIIFOKCHBIX HAacOCOB.
['eHoTMIIMYECKUIA aHaANM3 TMOATBEPAUI IIUPOKYIO IPEICTABICHHOCTh TI'E€HOB
s durokcHBIX HacocoB: 71% u 82% MDR-u3014T0B OBIIN MOJOKUTEILHBIMU Ha

Hajauuue reHoB mexA u mexB coorBercTBeHHO. ['mnepakcnpeccust 3P GIroKCHBIX
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HAcOCOB, 0COOEHHO mexA u mexB, sBisercs rIaBHBIM (PAaKTOPOM pPA3BUTHS

MHOKECTBEHHOM JiekapcTBeHHOUW ycTtouuBoctn (MJIY) y P. aeruginosa.
BrelpakeHHast ~ MPEACTaBICHHOCTh OTHX TEHOB  CIYXXUT  YOSAUTEIbHBIM
TEHETUYECKUM JI0Ka3aTeJIbCTBOM TOro, uro cuctema 3ddarokca mexAB-OprM
SBJIICTCSI  JOMUHHUPYIONIUM  MEXaHU3MOM  PE3UCTCHTHOCTH. lloiydeHHBIC
pe3ynbTaThl  MOTYCPKUBAIOT  HEOOXOAUMOCTh  PYTHHHOTO  MOJICKYJISIPHOTO
MOHUTOPUHTA aKTUBHOCTH 3P IIOKCHBIX HACOCOB B KIIMHUYECKOW JUArHOCTUKE U
YKa3bIBAIOT HA TEPANEBTUYCCKUH MOTEHITMAT HHTHOUTOPOB A (DIFOKCHBIX HACOCOB
(UBH). KomOunupoBaHue aHTUOMOTUKOB 0€3 YCTOMYMBOCTH, TaKUX Kak
nunpoduiokcarmd  unu - Hedrazuaum, ¢ MOH MokeT BOCCTaHOBUTH UX
3 PEKTUBHOCTD U PACIIUPUTH BO3MOKHOCTH JieueHus nadekuuii ¢ MJTY. B nenowm,
pe3yabTaThl  MOMYEPKUMBAIOT  BAXKHOCTh  PAlMOHAIBHOTO  HCIIOJIb30BaHUSA
aHTUOMOTHKOB, IIEJICHAMPABICHHOTO MOHUTOPHHTA PE3UCTCHTHOCTH B Pa3paboOTKH
koMmOuHaruii MOH-aHTHOMOTHKOB B KaueCTBE MEPCIEKTUBHBIX CTpaTeTvii 00pHObI

C PC3UCTCHTHBIMU P. aeruginosa.

KaoueBbie  ciaoBa:  MHOXeCTBEHHass  JIKAPCTBEHHAss  yCTOWYUBOCTD,
TecTtupoBaHre YyBCTBUTEIBHOCTH K aHTUOMOTHKAM, KomIuiekc mexAB-OprM,

BHyTpnOonsHuYHbIE HH(EKIINU, OaKTepUalIbHbIE 3a001eBaHusl, AHTUOMOTHUKH.



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

10.15789/2220-7619-EOE-18024
1 Introduction

Pseudomonas aeruginosa is a rod-shaped, motile, heterotrophic Gram-
negative bacterium, typically measuring 1-5 um in length and 0.5—1 um in width. It
exhibits metabolic versatility, including the ability to grow anaerobically when
supplied with arginine. This ubiquitous environmental bacterium is commonly
found in soil, freshwater and marine environments, 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 animal contamination [1]. Despite its broad environmental distribution
P. aeruginosa is often identified near coastal rivers, even in samples from the open
ocean [2]. P. aeruginosa is notorious for causing a wide array of healthcare-
associated infections (HAIs) in hospitalized patients, including urinary tract
infections (UTIs), bloodstream infections, surgical site infections and pneumonia.
Its remarkable adaptability enables it to contribute to a broad spectrum of infectious
diseases in the general population as well [3]. Infections are particularly common in
immunocompromised individuals, such as those with cystic fibrosis, neutropenia,
severe burns, cancer, organ transplants and diabetes mellitus, as well as patients in
intensive care units (ICUs) [4].

Preventing P. aeruginosa infections is vital as medical literature documents
numerous outbreaks of nosocomial infections, some traceable to persistent carriage
states in healthcare personnel [5].

Treatment of P. aeruginosa infections generally encompasses three
primary kinds of antibiotics: fluoroquinolones, 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 [6]. Treatment options are limited by antibiotic resistance. Globally,
antibiotic-resistant bacteria cause approximately 700,000 fatalities annually 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
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36,212 fatalities annually [7]. Specific environmental exposures, such as to triclosan,

have also been shown to select for multidrug-resistant (MDR) P. aeruginosa strains
[8].

P. aeruginosa resists antimicrobials through various mechanisms,
including intrinsic resistance, acquired resistance and adaptive resistance. Key
intrinsic 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 [9]. This inherent resistance to multiple antimicrobial agents,
combined with its propensity to develop resistance during therapy, profoundly limits
treatment options [10]. 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 resistance
phenotype [11].

Efflux pumps membrane-bound protein complexes that actively expel
antibiotics and other toxic compounds from the bacterial cell are critical in
exacerbating antibiotic resistance. Overexpression of specific efflux pump systems,
such as mexdD-OprJ, mexDF-OprNN, mexBA-OprNM and mexYX (-OprA),
significantly decreases antibiotic susceptibility [12]. Among these the mexAB-OprM
efflux pump is a prominent system in P. aeruginosa, responsible for expelling a wide
range of antimicrobial agents. This complex consists mexA, a membrane-fusion
protein; mexB, a membrane transport factor; and oprM an outer membrane channel,
make up this complex [13].

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 6,100 (13%) of these cases are caused by bacterial strains
that are resistant to various medications [14]. Similar resistance patterns have been
reported in other countries, including Australia, the UK and Denmark. These trends

have prompted extensive research into novel therapeutic options, including
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combination therapies and aerosolized antibiotics such as aztreonam, tobramycin,

levofloxacin and liposomal amikacin particularly for patients with cystic fibrosis
[15, 16]. In addition to antibiotic resistance P. aeruginosa utilizes a Type llI
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 [17].

Despite ongoing efforts to combat antimicrobial resistance the role of efflux
pump overexpression 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 overexpression,
particularly involving the mexAB-OprM system, is a major contributor to the MDR
phenotype in local clinical isolates. Therefore, the present study aimed to: Determine
the prevalence of MDR among P. aeruginosa isolates from a tertiary care hospital
in Peshawar. Phenotypically assess efflux pump activity among MDR isolates.
Genotypically detect the presence of mexA and mexB efflux pump genes in these
isolates.

2 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
containers, transported in an icebox to the Microbiology Research Laboratory at
Abasyn University, Peshawar, and stored at —20°C in a laboratory freezer to preserve
bacterial viability until processing. All samples were processed within 24 hours of
collection to minimize degradation and ensure reliable microbiological analysis.To

avoid duplicate sampling and ensure independence of isolates, only the first culture-
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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 identified based on colony morphology and Gram staining. Further
confirmation of P. aeruginosa was performed 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 [18,19].

Antibiotic Susceptibility Testing (AST)

Antibiotic susceptibility testing was performed using the Kirby-Bauer disc
diffusion method on Mueller-Hinton Agar, strictly following the Clinical and
Laboratory Standards Institute (CLSI) 2023 guidelines [20, 21]. The panel of
antibiotics  tested included ceftazidime (30ug), cefepime (30ug),
piperacillin/tazobactam (110 pg), meropenem (10png), imipenem (10pg), aztreonam
(30ung), ciprofloxacin (05ug), levofloxacin (05ug), norfloxacin (10ug) and
gentamicin (10pg). Isolates demonstrating resistance to three or more classes of
antibiotics were categorized as multidrug-resistant (MDR) [22]. 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 method. Plates prepared with increasing concentrations of
EtBr (0.5-2.5 mg/L) were inoculated in a cartwheel pattern with bacterial isolates.
Efflux pump activity was determined by observing the extent of fluorescence under
UV light after incubation [23].

Genotypic Detection of Efflux Pump Genes



116

117

118

119

120

121

122

123

124

125

126

127

128

129

130

131

132

133

134

135

136

137

138

139

140

141

142

143

144

10.15789/2220-7619-EOE-18024
Genomic DNA was extracted from bacterial isolates using the thermal lysis

method [24]. Polymerase Chain Reaction (PCR) was performed to detect the efflux
pump genes mexA and mexB using gene-specific primers. For mexA, the forward
primer was 5'-CAGGCCGTCAGCAAGCAG-3' and the reverse primer was 5'-
CCTTGGTGTAGCGCAGGTTG-3, producing an amplicon of 100 bp [25]. For
mexB, the forward primer was 5-GTGTTCGGCTCGCAGTACTC-3" and the
reverse primer was 5-AACCGTCGGGATTGACCTTG-3, generating a 244 bp
product [26].

The 25 pL reaction mixture contained 12.5 pL of 4X Master Mix, 3 pL
template DNA, 1 puL each of forward and reverse primers and 7.5 pL nuclease-free
water. Amplification was carried out under the following 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 extension at 72 °C for 5 minutes. PCR products were resolved
by electrophoresis on 1.5% agarose gels stained with ethidium bromide, visualized
under UV light, and documented using a gel imaging system [27].

Data analysis

Data obtained from phenotypic and genotypic assays were analyzed using
descriptive and inferential statistical methods. Frequencies and percentages were
calculated to summarize the distribution 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 efflux pump activity and
multidrug resistance (MDR) status. Statistical significance was set at a p-value <
0.05 for all analyses. All statistical tests were performed using SPSS 20 (20 IBM,
USA) software.
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3 Results

Sample Distribution and Pseudomonas aeruginosa Isolation

A total of 100 clinical specimens comprising 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 follows: 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 antibacterial activity was
observed for colistin, showing 100% susceptibility against all isolates. Other highly
active antibiotics included imipenem (76% susceptibility), 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%) (Figure 1).

One-way ANOVA revealed that patient age had a statistically significant
effect on antibiotic resistance patterns for all tested antibiotics (p < 0.05). Resistance
levels were generally higher in older patients (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
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Among the 40 isolates, 25 (62.5%) were multidrug-resistant (MDR; resistant

to 3 antibiotic classes), while 15 (37.5%) were non-MDR (Figure 2). Correlation
analysis was performed to identify relationships between the resistance patterns of
different antibiotics. The results demonstrated strong positive correlations indicating
the presence of co-resistance and multidrug resistance (MDR) phenomena. A very
strong positive correlation 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
exhibit resistance to others, possibly due to shared resistance mechanisms including
efflux pump activity. In contrast, resistance to colistin showed no correlation with
any other antibiotic and the data exhibited zero variance. This result is consistent
with the observation that 100% of the isolates were sensitive to colistin indicating
no detected resistance to this antibiotic.

Phenotypic test for Efflux pump expression

After assessment of MDR strains of P. aeruginosa all strains were analyzed
for confirmation of efflux pump activity. 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. Result of the Ethidium
Bromide-Agar Cartwheel method is also shown in Figure 3. Chi-square analysis
demonstrated a statistically significant association between efflux pump activity and
MDR status (x> =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 expression and multidrug
resistance were positively correlated with MDR strains being more likely to produce

efflux pumps. 13 (76%) of the 17 strains that produced efflux pumps were resistant
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to the beta-lactam antibiotic ceftazidime, 11 (65%) to the fluoroquinolone

ciprofloxacin, 8 (47%) to levofloxacin and 7 (41%) to Cefepime (Figure 4).

Amplification of Mex A and Mex B gene

Among the 17 P. aeruginosa isolates, 12 (71%) tested positive for the MexA
gene showing efflux pump expression, 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 negative.
These findings are presented in (Figure 5).

4 Discussion

The present study provides insight into the burden of multidrug resistance and
efflux pump-mediated antibiotic resistance in Pseudomonas aeruginosa 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 differences in patient
populations, clinical settings, and specimen sources [28].

In the present study, the antibiotic susceptibility profile revealed significant
variability. Colistin remained the most potent agent (100% susceptibility), followed
by imipenem (76%) and amikacin (73%), aligning with prior studies that have
identified carbapenems and aminoglycosides as among the most effective classes
[29]. In contrast, high resistance rates were observed against third and fourth
generation cephalosporins and fluoroquinolones, including ceftazidime, cefepime,
ciprofloxacin, and levofloxacin. These findings align with the resistance patterns
reported by Hirsch et al. (2010), who documented extensive resistance to
cephalosporins and B-lactam/p-lactamase inhibitor combinations [30]. Collectively,
these findings underscore the critical importance of susceptibility-guided therapy to

improve clinical outcomes in P. aeruginosa infections.
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The treatment of P. aeruginosa infections remains challenging due to both

intrinsic and acquired resistance 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 reported in 10-50% of isolates in
some countries [31], underscores the diminishing utility of even these critically
important agents. This trend highlights the urgent need to understand and address
underlying resistance mechanisms, 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 efflux 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%) [32, 33, 34]. However, direct numerical
comparisons should be interpreted cautiously, as antimicrobial resistance is heavily
influenced by local prescribing practices, infection-control measures, and healthcare
infrastructure. In Pakistan, factors such as widespread empirical antibiotic use, over-
the-counter antibiotic availability, and high patient burdens in tertiary care hospitals
may contribute to elevated MDR rates [35].

Efflux pump overexpression is a well-established mechanism contributing to
reduced antibiotic susceptibility in P. aeruginosa by actively expelling structurally
diverse antimicrobial agents. Previous studies have demonstrated high expression
frequencies of efflux pump components, including mexB, mexC, mexE, and mexY,
particularly among ICU isolates, with corresponding resistance to p-lactams,
fluoroquinolones, and carbapenems [36]. Similar observations were reported by
Rana et al. (2015), who identified active efflux in all MDR isolates examined and
confirmed the presence of the mexABR operon using multiplex PCR [37].

In the present study, among the 17 MDR efflux pump-producing isolates, 13
(76.47%) exhibited co-resistance to beta-lactams and fluoroquinolones, specifically

76.5% to ceftazidime and 64.7% to ciprofloxacin. These observations align with
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studies highlighting efflux systems as major contributors to multidrug resistance in

P. aeruginosa [36, 37]. For instance, Rana et al. (2015) reported active efflux in all
MDR isolates examined [37], while other work has linked efflux pump
overexpression specifically to carbapenem and fluoroquinolone resistance [38].

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 consistent with studies that detected mexAB-OprM and related
genes in amoxicillin-clavulanate-resistant isolates and linked them to broad-
spectrum resistance beyond beta-lactams, including fluoroquinolones [39, 40, 41].
Another study reported the presence of the mexAB-OprM system in 80% of
ciprofloxacin-resistant isolates [42], emphasizing the potential for cross-resistance
driven by shared efflux mechanisms.

The remarkable adaptive capacity of P. aeruginosa enables it to persist in
hostile environments and develop resistance to multiple antibiotic classes
simultaneously. Previous studies have shown that a large proportion of clinical
isolates harbor multiple efflux-related genes and exhibit resistance to p-lactams,
aminoglycosides, tetracyclines, and carbapenems [37]. 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 combat multidrug-resistant P. aeruginosa infections.

5 Conclusion

This study revealed a high prevalence of multidrug-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 efflux pump
function. Genotypic analysis confirmed the frequent presence of the mexA and mexB
genes in these isolates. Collectively, these findings demonstrate the frequent

occurrence of efflux pump activity and efflux-related genes among MDR P.
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aeruginosa and underscore the need for ongoing surveillance and antimicrobial

stewardship to address resistant infections. Acknowledgment
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TABJINLBI

Table 1. Characteristics of Clinical Samples and P. aeruginosa Isolates.

Paramete Details Numbers P. aeruginosa (+) P. aeruginosa (-)

r (%) (%) (%)
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%

Table 2. Detection frequency of MexA and MexB genes in efflux pump-positive P.

aeruginosa isolates (m=17).

Genes name Total samples Detected Non detected
Mex A 17 (100%) 12 (71%) 05(29%)
Mex B 17(100%) 14(82%) 03(18%)
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Figure 1. Age group distribution of patients (n=100)
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Figure 2. Antibiotic resistance and susceptibility profiles of Pseudomonas
aeruginosa isolates (n = 40)
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Figure 3. Prevalence of multidrug-resistant (MDR) and non-MDR P. aeruginosa
strains (n=40)
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Figure 4. Phenotypic Assessment of Efflux Pump Activity in Multidrug-Resistant

(MDR) P. aeruginosa Isolates (n=25 MDR strains)
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Figure 5. Antibiotic resistance profiles of Efflux pump-producing P. aeruginosa

multidrug-resistant Strains (n=17 efflux pump producers)
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Figure 6. Gel electrophoresis of amplified gene. A. MexA Gene (100 bp).b. MexB
gene (244 bp).
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