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Abstract

Pseudomonas aeruginosa is a major cause of nosocomial infections
due to its high drug resistance. From 180 clinical specimens, 50 isolates
were obtained from ear swabs, burn wounds, sputum, urine, and wound
samples. This study investigated quorum sensing genes (pgsA, pgsB,
pgsC, pgsD) and their association with multidrug resistance (MDR).
Nineteen isolates (38%) were multi-drug resistant (MDR) and 31 (62%)
were non-MDR. PCR analysis demonstrated detection rates of 89.5% for
pgsA, 94.7% for pgsB, 94.7% for pgsC, and 73.7% for pgsD. Antibiotic
susceptibility testing revealed the highest resistance to colistin (84%) and
imipenem (76%), with moderate resistance to ciprofloxacin (32%) and
tobramycin (30%). Lower resistance was observed for meropenem (16%),
piperacillin/tazobactam (12%), gentamicin (10%), amikacin (8%), and
ticarcillin/clavulanic acid (4%). The presence of Pseudomonas Quinolone
Signal (PQS) genes was significantly associated with increased resistance
to all tested antibiotics (p < 0.0I). These findings highlight the
contribution of the PQS system to virulence and biofilm formation,
indirectly supporting antibiotic tolerance and persistence in MDR P.
aeruginosa. This is study provides the first molecular evidence from Iraq
linking pqsABCD quorum sensing genes with resistance to antibiotics in
clinical Pseudomonas aeruginosa isolates, offering new insight into the
contribution of the PQS system to antibiotic tolerance and persistence.
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1. Introduction

Pseudomonas aeruginosa, a Gram-negative bacterium that is highly adaptable, is frequently
associated with hospital-acquired infections, particularly in patients with compromised immune
systems. It is a significant problem to therapy worldwide due to its remarkable ability to develop
multidrug resistance (MDR). In addition to classical resistance mechanisms such as efflux
pumps and P-lactamase formation, P. aeruginosa uses complex regulatory systems, such as
quorum sensing (QS), to coordinate virulence, biofilm formation, and antibiotic tolerance'%. One
of the most significant challenges that modern medicine faces are the presence of antibiotic
resistance in P. aeruginosa, particularly MDR, which may be the primary factor contributing to
the high mortality rates among humans *°. The Pseudomonas Quinolone Signal (PQS) pathway,
which comprises the genes pgsR, pgsA, pgsB, pgsC, and pgsD, is extremely important and
contributes to pathological behavior. The synthesis of alkyl quinolones, such as HHQ and PQS,
molecules regulated by these genes, which in turn stimulate transcriptional responses that
facilitate the production of virulence factors and the growth of biofilms ®. PQS signaling has been
shown to indirectly contribute to antibiotic resistance through increasing biofilm-mediated
protection and stress tolerance ’ .The presence and expression of PQS-related genes are essential
for determining the molecular basis of resistance and pathogenicity in the context of the
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development of MDR strains, particularly in nosocomial environments.is to establish a
foundation for future therapeutic options that target quorum sensing pathways by examining the
presence of pgsA, pgsB, pgsC, and pgsD genes in multidrug-resistant P. aeruginosa isolates "®.
The PQS system regulates the expression of the pgsABCDE operon via a PqsR-dependent
feedback loop, contributing to adaptive responses in clinical strains ®.The genes pgsR, pgsA,
pgsB, pgsC, and pgsD are important components of the Pseudomonas aeruginosa quinolone
signaling system. These genes are involved in quorum sensing, a bacterial communication
process that regulates virulence, biofilm formation, and secondary metabolite production. It
provides an auto-regulatory loop that links the las quorum sensing system to PQS signaling °.
pgsA: The synthesis of PQS is initiated by converting anthranilate to anthraniloyl-CoA. This step
prepares the molecule for entry into the alkylquinolone pathway®'®.pgsB and pgsC: form a
heterodimer that catalyzes the condensation of octanoyl-CoA with 2-aminobenzoylacetate (2-
ABA), a key step in the biosynthesis of PQS; pgsD: converts anthraniloyl-CoA and malonyl-CoA
into 2-ABA, which is used by PgsBC to produce HHQ (2-heptyl-4-quinolone), a precursor to
PQS®.P. aeruginosa is a pathogen that poses a significant risk due to its capacity to cause severe,
life-threatening infections. It is a significant cause of difficult-to-treat infections due to its ability
to survive in clinical environments, undergo rapid mutations, and develop resistance to many
antibiotic classes %2,

The aim of this study was to investigate the presence of quorum sensing genes (pgsA, pgsB,
pgsC, pgsD) in Pseudomonas aeruginosa clinical isolates and to evaluate their association with
multidrug resistance to antibiotics, thereby clarifying the role of the PQS genes in antibiotic
resistance, and persistence of P. aeruginosa.

2.Materials and Methods

2.1. Isolation and Identification

This study was included one hundred eighty clinical samples of Burn, Urine, Wound, Sputum,
blood and Ear swab were collected for inpatients and outpatient from Samples were collected
from two hospitals in Baghdad including Al- Yarmouk Teaching hospital and AL-Mahmmodiya
hospital for the purpose of outwardly from the period February to July 2025 All of the samples
were cultured using a sterile loop. blood agar appeared, MacConkey agar and cetrimide agar
media for identifying P. aeruginosa growth with fluorescent green color, elevated colonies, and
grape-like odor. All isolates had the ability to grow on this media. They were further identified
and characterized by performing gram staining traditional biochemical tests, including oxidase,
catalase'**°. Additionally, the identification of P. aeruginosa was validated using the VITEK
compact system*"%,

2.2. Antibiotic Sensitivity Test

The study included antibiotic susceptibility testing using collected bacterial colonies resuspended
in sterile saline to a 0.5 McFarland standard turbidity, as determined by the Densi-Check method.
This suspension was introduced into the Antimicrobial Susceptibility Testing (AST) No.222
VITEK -2. The resulting data were processed with integrated software for accuracy. This
specimen was subsequently confirmed with the VITEK 2 compact system™®?. Data were
analyzed according to the CLSI criteria (2025)?. Each antibiotic was identified as being resistant,
intermediate, or susceptible.

2.3. Molecular Assay

2.3.1.DNA Extraction and Purification:

The ABIOpureTM Total DNA Kit (ABIOpure, USA) was used for efficient and reliable genomic
DNA extraction from bacterial cells. The quality and integrity of the isolated DNA were
subsequently assessed through gel electrophoresis.

2.3.2.PCR amplification

The study utilized Polymerase Chain Reaction (PCR) to amplify the pgs genes (pgsA, pgsB,
pgsC, and pgsD) in Pseudomonas aeruginosa. This process involved selecting specific primers
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(Macrogen, Korea) %** and employing a thermal cycler to maintain precise temperature control
throughout the procedure. During the denaturation phase, the double-stranded DNA template was
divided into two single strands. The annealing phase followed, during which the primers bound
to the target DNA. Finally, in the extension phase, Taq polymerase synthesized new DNA strands

e. The details of this process are presented in Table 1.
Table 1. Primers of genes used in PCR

Primer Name Seq.3'—5' Annealing Temp. | Product Size
G (bp)

pgsA-F CCCGATACCGCCGTTTATCA 60 448

pgsA-R AACCCGAGGTGTATTGCAGG

pgsB-F TGGCCGACACCCTTTATCAC 264

pgsB-R TCGCGGTTCTCGATCAGATG 58

pgsC-F ACCGTCTGGATGAACTGCTG 586

pgsC-R AGGTGAAGTCGAGCAGGTTG

pgsD-F TCCATCCCGTACACCCTGAT 60 761

pgsD-R AGCAGGTCGAAGTAGTTGCC

PCR amplifications were carried out in total reaction volumes of 25ul. Specifically, 1ul of each
primer, 12.5ul of the premix, lyophilized powder master mix (Promega,USA), 2ul DNA
template, and then the volume was completed by deionized distal water, and the mixture was
vortexed.The PCR reaction tubes were placed correctly into the thermocycler, where

amplification was carried out according to the specifications outlined in Tables 2 and 3.
Table 2. Polymerase chain reaction components

Master mix components Stock Unit Final Unit Volume
1 Sample

Master Mix 2 X 1 X

Forward primer 10 UM 0.5 UM

Reverse primer 10 UM 0.5 UM

Nuclease Free Water

DNA ng/ul ng/ul

Total volume

Aliquot per single rxn 19ul of Master mix per tube and add 1ul of Template

Table 3. Polymerase chain reaction program

Steps (°C) Min.:sec. Cycles
Initial Denaturation 95 05:00 1
Denaturation 95 00:30

Annealing 58 OR 60 00:30 30
Extension 72 00:30

Final extension 72 07:00 1

Hold 10 10:00

2.4. Statistical Analysis

The Statistical Packages of Social Sciences -SPSS (2019) program was used to detect the effect
of difference groups/ Factors in study parameters. Least significant difference-LSD was used to
significant compare between means. Chi-square test was used to significant compare between
percentage (0.05 and 0.01 probability) in this study.

3.Results

3.1. Isolation and Identification

From total of 180 specimens were collected and cultured on blood agar, MacConkey agar and
cetrimide agar. However, after analysis, only 50 isolates were found to be associated with P.
aeruginosa. Microscopically the isolated bacteria are gram negative bacteria. Therefore, they
occurred as pale colonies on MacConkey agar. When the beta type of hemolysis was detected on
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blood agar, and various strains of P. aeruginosa produced several species of pyocyanin on
cetrimide agar, the P. aeruginosa isolates were positive for the oxidase test as shown in Table 4

and Figure 1. And the recognition was established by VITEK 2 System
Table 4. Culture characteristics and biochemical reactions.

Culture and Biochemical Reaction Results
Growth on Blood Agar B-haemolysis
Growth on MacConkey Agar Pale colonies

Growth on Cetrimide Agar
Gram Reaction

Catalase Reaction

Oxidase Reaction

Growth at 42°C

Appeared as elevated and blue-green colonies with a grape like odor
G-ve and rods

Positive

Positive

Growth

Figure 1. a: P. aeruginosa on Cetrimide agar , b: Oxidase test positive for P. aeruginosa .

The prevalence of bacteria according to samples was (burn 26%, urine 20%, wound 22%, sputum
20%, and ear 12%) as shown in Figure 2.

Ear
12%

Burn
26%

Sputum
20%

Urine

20%

Wound
22%

EBurn mUrine @Wound ®Sputum mEar

Figure 2. Prevalence of P. aeruginosa in different clinical specimen

3.2. Antibiotic Sensitivity

The antimicrobial susceptibility of fifty Pseudomonas aeruginosa isolates was evaluated using
the VITEK2 compact system (GN222 kit). Among these, 19 isolates (38%) were identified as
multidrug-resistant (MDR), although the association was not statistically significant (p = 0.1573)
Resistance profiles against thirteen antibiotics were determined, as presented in Figure 3. The
highest resistance was observed to colistin (84%), followed by imipenem (76%). Moderate
resistance rates were recorded for piperacillin (52%) and ticarcillin (44%), while ciprofloxacin
(32%) and tobramycin (30%) demonstrated comparatively lower resistance. Both ceftazidime and
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cefepime exhibited equal resistance levels of 20%. Reduced resistance was noted for meropenem
(16%), piperacillin/tazobactam (12%), and gentamicin (10%). The lowest resistance was detected
against ticarcillin/clavulanic acid (8%) and amikacin (4%). Collectively, these findings
underscore the substantial variability in antibiotic resistance among clinical isolates of P.
aeruginosa, highlighting its continued threat in nosocomial infections.
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Figure 3. Resistance Rates of Pseudomonas aeruginosa to Selected Antibiotics

3.3. Molecular Detection of pgsA,pgsB,pgsC andpgsD Genes:

Among the 19 multidrug-resistant (MDR) Pseudomonas aeruginosa isolates, the pgsA gene was
detected in 17 isolates (89.5%), the pgsB gene in 17 isolates (89.5%), the pgsC gene in 18
isolates (94.7%), and the pgsD gene in 14 isolates (73.7%). Statistical analysis revealed highly
significant differences (p < 0.01), as illustrated in Figures 4-7.

M 1 2 4 5 6 8 10 12 15 17 18 20 24 34 37 38 45 46 56

1500bp

1000bp

500bp
448bp

100bp

PasA

Figure 4. Results of the amplification of pgA of Pseudomonas aeruginosa were fractionated on 1.5% agarose gel
electrophoresis stained with Ethidium Bromide at 100 volt/Amp for 75 min, M: 100bp ladder marker. Lanes
1,2,4,5,6,8,10,12,15,17,18,20,24,34,37,38,45,46and 56 resemble 448bp PCR product.
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Figure 5. Results of the amplification of pgB of Pseudomonas aeruginosa were fractionated on 1.5% agarose gel
electrophoresis stained with Ethidium Bromide at 100 volt/Amp for 75 min, M: 100bp ladder marker. Lanes
1,2,4,5,6,8,10,12,15,17,18,20,24,34,37,38,45,46and 56 resemble 264bp PCR product
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Figure 6 . Results of the amplification of pgsC gene of Pseudomonas aeruginosa samples species were fractionated
on 1.5% agarose gel electrophoresis stained with Ethidium Bromide at 100 volt/Amp for 75 min, M: 100bp ladder

marker. Lanes 1,2,4,5,6,8,10,12,15,17,18,20,24,34,37,38,45,46and 56 resemble 568 bp PCR products.
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Figure7. Results of the amplification of pgsD gene of Pseudomonas aeruginosa samples species were fractionated

on 1.5% agarose gel electrophoresis stained with Eth.Br. M: 100bp ladder marker. Lanes
1,2,4,5,6,8,10,12,15,17,18,20,24,34,37,38,45,46and 56 resemble 761bp PCR product
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3.4 Relationship of Presence of pgsA,pgsB,pgsC and pgsD and Resistance to Antibiotics in MDR
P. aeruginosa:

Recent studies have revealed that the presence of these genes makes bacteria more resistant to
antibiotics and the isolates that are sensitive to many antibiotics don’t have these genes such
as,pgsA,pgsB,pgsC and pgsD. The results shown in Table 4 refer to the relation between
antibiotic resistance and the presence of pgsA , pgsB ,pgsC and pgsD genes (P<0.01).These
results, which were highly significant, confirmed the importance of pgsA, pgsB ,pgsC and pgsD
genes in resistance to antibiotics which increases in bacteria with the above mentioned four

genes.

Table 4: Relationships of pgs Genes and Antibiotic Resistance (R/1/S Profile) in MDR P. aeruginosa
Antibiotics pgsA (+/-) pgsB (+/-) pgsC (+/-) pgsD (+/-) P-value
Ticarcillin R: 14/2 R: 14/2 R: 15/1 R: 11/5 0.001**
Tic/Clav S: 13/2 S: 13/2 S: 14/1 S: 10/5 0.001**
Piperacillin R: 15/2 R: 15/2 R: 16/1 R: 12/5 0.001**
Pip/Tazo S: 11/2 S: 11/2 S:12/1 S:9/4 0.001**
Ceftazidime R: 7/0 R: 7/0 R: 7/0 R: 6/1 0.001**
Cefepime R: 6/1 R: 7/0 R: 7/0 R: 5/2 0.001**
Imipenem I: 10/0 I: 10/0 I: 10/0 S: 10/0 0.001**
Meropenem I: 6/0 I: 6/0 S: 6/1 R: 6/0 0.001**
Amikacin S: 15/2 S: 15/2 S: 16/1 S: 12/5 0.001**
Gentamicin I: 10/2 I: 10/2 I:11/1 I:7/5 0.001**
Tobramycin R: 13/2 R: 13/2 R: 14/1 R: 10/5 0.001**
Ciprofloxacin R: 14/2 R: 14/2 R: 15/1 R: 11/5 0.001**
Colistin R: 16/2 R: 16/2 R: 17/1 R: 13/5 0.001**

e (+/-): Gene Positive / Gene Negative.
e R/1/S: The dominant clinical category (Resistant, Intermediate, or Sensitive)
e **: Statistically significant (P<0.01)

4.Discussion

An extensive array of innate, adaptive, and acquired resistance mechanisms against
contemporary antimicrobial agents is exhibited by Pseudomonas aeruginosa. The development
of multidrug resistance is frequently accelerated by the synergistic application of these drugs,
which significantly contributes to therapeutic failures in both clinical and hospital settings 2>2*
™ hresent study found that common drugs were becoming increasingly resistant as a result of the
excessive use of antibiotics against bacteria. The current findings indicate the presence of MDR
P. aeruginosa, which is in line with the results of 2°. which showed P. aeruginosa's multidrug
resistance to a wide range of antibiotics consistent with previous reports ¥ The isolates of P.
aeruginosa in this study exhibited various levels of resistance to a variety of antibiotics,
including (Ticarcillin, Ticarcillin/clavulanic acid, Piperacillin, Piperacillin/Tazobactam,
Ceftazidime, Cefepime, Imipenem, Meropenem, Amikacin, Gentamicin, Tobramycin,
Ciprofloxacin, and Colistin).This finding is consistent with the reported high resistance of P.
aeruginosa to Colistin (84%) and Imipenem (76%), which is aligned with recent global data. P.
aeruginosa has acquired an alarming resistance to last-resort antibiotics such as Colistin and
carbapenems as a result of mechanisms such as biofilm formation, efflux pumps, and horizontal
gene transfer, as per a 2025 review published in Microorganisms®.Multidrug-resistant strains are
particularly prevalent in ICU settings, which is why this trend is particularly concerned.
Furthermore, the moderate resistance levels to Ciprofloxacin (32% and Tobramycin (30%) are in
agreement with surveillance studies that indicate the decreasing effectiveness of fluoroquinolones
and aminoglycosides as a result of overuse and adaptive resistance mechanisms* . Therefore, this
current result disagreed with the Finding low resistance to Amikacin (4%) and
Ticarcillin/clavulanic acid (8%) may not reflect broader global trends?®.The fact that
aminoglycoside-modifying enzymes are prevalent in hospital-acquired infections indicates that
amikacin resistance is increasing in many areas. Similar to this, B-lactamase production
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frequently reduces the effectiveness of ticarcillin/clavulanic acid, and testing methods and local
antibiotic stewardship may result in underestimated resistance rates. In addition, in environments
where extended-spectrum [-lactamase (ESBL)-producing strains are highly prevalent, the
comparatively low resistance to piperacillin/tazobactam (12%) may not hold true. The same
study warns that B-lactam/B-lactamase inhibitor combinations are becoming less effective
worldwide®*

The present study demonstrates that the PQS quorum sensing system, particularly the genes
pgsA, pgsB, pgsC, and pgsD, plays a pivotal role in mediating resistance to the antibiotics
investigated in this work™.This finding underscores the critical importance of quorum sensing in
regulating both antibiotic resistance and virulence, especially given the widespread prevalence of
multidrug-resistant (MDR) Pseudomonas aeruginosa. The results revealed that nearly all MDR
P. aeruginosa isolates resistant to the studied antibiotic classes harbored one or more of the pgs
genes, which are known to regulate biofilm formation, virulence factor production, and efflux
pump expression®. These results indicate that targeting the pgs system may be a promising
approach to improve antibiotic efficacy and reduce resistance. P. aeruginosa has become known
for its high drug resistance. In fact, P. aeruginosa makes the majority of antimicrobials
ineffective, leaving polymyxins, quinolones, and aminoglycosides to the role of last resort drugs.
Despite the identification of numerous resistance mechanisms to these medications, several
studies have identified elements and methods for the development of new approaches to enhance
their efficacy against antibiotics.

PCR analysis confirmed the detection of all four target genes (pgsA, pgsB, pgsC, and pgsD)
among the multidrug-resistant Pseudomonas aeruginosa isolates, though with variable
frequencies. The pgsA and pgsB genes were identified in 89.5% of isolates, pgsC in 94.7%, and
pgsD in 73.7%. These results demonstrate that each gene was present separately across the
specimens, indicating their broad distribution among MDR strains.

The high prevalence of these quorum-sensing—associated genes suggests that the PQS system is
highly conserved and may play a pivotal role in the pathogenicity and persistence of P.
aeruginosa. The statistically significant differences observed (p < 0.01) imply that, although all
genes are represented, their relative frequencies vary, potentially reflecting differential regulation
or selective adaptation under antimicrobial pressure.

Collectively, these findings underscore that the PQS system is not only widespread but also likely
essential for the survival and virulence of MDR P. aeruginosa, thereby reinforcing its relevance
as a promising therapeutic target in the management of resistant infections.

5.Conclusion

P. aeruginosa possesses a wide range of innate, adaptive resistance mechanisms to the
antibiotics. One of these mechanisms is pgs system. For that, these bacteria were resistant to
almost all antibiotics used in this study. MDR of P. aeruginosa harbored pgs genes such as pgsA,
pgsB, pgsC and pgsD. The study revealed a statistically significant association (p < 0.01)
between the presence of specific genes and antibiotic resistance in multidrug-resistant P.
aeruginosa. This indicates that isolates harboring these genes tend to exhibit heightened
resistance to antimicrobial agents. These genetic factors play a crucial role in the resistance
mechanisms of MDR P. aeruginosa. As a result, the growing resistance of this pathogen directly
contributes to increased mortality rates.
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