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Abstract: 

Background: Pseudomonas aeruginosa is a major opportunistic pathogen and 

a member of the ESKAPE group, known for causing serious nosocomial infec-

tions and exhibiting high levels of antimicrobial resistance. Its resistance arises 

from intrinsic, acquired, and adaptive mechanisms, complicating treatment, 

particularly in healthcare settings. 

Aim: This study aimed to identify clinical P. aeruginosa isolates using molec-

ular methods, assess their genetic diversity, detect key virulence genes, and 

evaluate biofilm formation and antibiotic resistance profiles. 

Methodology: A total of 36 clinical isolates were collected from public and 

private hospitals in Sulaymaniyah City between September 2024 and July 

2025. Samples included bronchoalveolar lavage, endotracheal aspiration, pleu-

ral fluid, wounds, blood, catheters, and ear swabs. Initial identification was 

based on morphological and biochemical characteristics, followed by confir-

mation using Vitek® 2 and BD Phoenix M50 systems. Molecular identification 

targeted the gyrB gene. Antimicrobial susceptibility was assessed using the 

Kirby–Bauer disk diffusion method and automated systems. Virulence genes 

(lasB, toxA, exoS, and algD) were detected by polymerase chain reaction 

(PCR). Biofilm formation was evaluated using a 96-well plate assay, and ge-

netic relatedness was determined by Enterobacterial repetitive intergenic con-

sensus polymerase chain reaction (ERIC-PCR). 

Results: All isolates (100%) carried the gyrB gene. High levels of antibiotic 

resistance were observed: 47.22% were multidrug-resistant (MDR), 36% ex-

tensively drug-resistant (XDR), and 8% pan-drug-resistant (PDR). Three iso-

lates were resistant to colistin and all tested antibiotics. The lasB and algD 

genes were detected in all isolates, while toxA and exoS were present in 32 and 

19 isolates, respectively. Biofilm analysis showed that 92% of isolates were 

strong producers. ERIC-PCR revealed clonal relatedness among isolates from 

the same hospitals and specimen types. 

Conclusion: Wound samples were the most common source of P. aeruginosa. 

The high prevalence of drug-resistant, strong biofilm-forming strains high-

lights a significant clinical concern. ERIC-PCR proved effective for assessing 

clonal relationships, indicating persistence of identical genotypes within indi-

vidual hospitals. 
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1. Introduction 

     Pseudomonas aeruginosa infections are common 

because of the bacterium’s adaptability, minimal growth re-

quirements, inherent antibiotic resistance and its virulence 

factors. The healthcare setting presents a major challenge 

with these infections. Recognizing these features is critical 

to better patient outcomes and to the design of effective 

therapies. The traditional factors of pathogenicity in this or-

ganism are exotoxins, flagella, pili and LPSs that promote 

bacterial surface adhesion, colonization and tissue penetra-

tion. The secretion system, by allowing toxins and effector 

proteins to directly enter host cells, is a vital element of its 

pathogenic process. Other enzymes, like proteases, directly 

harm tissues. P. aeruginosa enhances its own pathogenicity 
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and supports chronic infections by quorum sensing and the 

control of multiple parameters [1, 2].  

P. aeruginosa is one of the most challenging bacteria to 

treat in clinical settings due to its diverse mechanisms of 

antibiotic resistance. Intrinsic resistance is primarily medi-

ated by the active efflux of antimicrobial compounds from 

the cell and the restricted permeability of the outer mem-

brane. In contrast, acquired resistance arises through the 

horizontal transfer of resistance genes within and between 

bacterial populations via mobile genetic elements such as 

transposons, plasmids, and integrons. Adaptive resistance is 

frequently associated with biofilm formation, in which bac-

terial cells are embedded within a protective extracellular 

matrix. Within these biofilms, bacteria, particularly per-

sister cells, represent a small dormant subpopulation of met-

abolically inactive cells capable of surviving high dose an-

tibiotic exposure and therefore exhibit enhanced tolerance 

to antimicrobial agents, thereby reducing the effectiveness 

of antibiotic treatment [3]. Several studies have investigated 

the virulence factors associated with antibiotic-resistant P. 

aeruginosa strains. Key factors include exotoxins, biofilm 

formation, and bacterial defenses against environmental 

stresses. The algD gene encodes alginate, an exopolysac-

charide capsule that protects bacteria from the host immune 

system and antimicrobial agents. The toxA gene encodes 

toxin A, which inhibits protein synthesis in eukaryotic cells. 

Elastase, a zinc metalloprotease encoded by the lasB gene, 

degrades collagen and elastin in lung tissue. Additionally, 

the exoS gene encodes exoenzyme S, which facilitates bac-

terial invasion, colonization, and dissemination [4]. 

Enterobacterial repetitive intergenic consensus poly-

merase chain reaction (ERIC-PCR) is one of the most pop-

ular molecular typing methods because it is easy to use, 

quick, and inexpensive. This method creates strain-specific 

fingerprinting patterns based on the number and location of 

ERIC sequences in the bacterial genome. This makes it eas-

ier to tell apart isolates that are genetically related and those 

that are not. ERIC-PCR has been useful in epidemiological 

studies, helping to choose the right antimicrobial treatment, 

and figuring out how P. aeruginosa infections spread [5]. 

The present study primarily aims to employ molecular 

approaches for the identification of clinical P. aeruginosa 

isolates and the detection of selected virulence genes asso-

ciated with biofilm formation. In addition, the study evalu-

ates the biofilm-forming capacity of the isolates through 

both phenotypic and genotypic analyses. It also investigates 

the antimicrobial susceptibility patterns of the isolates ob-

tained from different clinical samples using the disc diffu-

sion method and automated systems. Finally, the genetic re-

latedness among the isolates is assessed using the ERIC-

PCR genotyping technique to determine their genetic diver-

sity. 

 

2. Materials and Methods 

2.1. Sample Collection 

A total of 36 clinical isolates of P. aeruginosa were col-

lected from various public and private hospitals, including 

Burn and Plastic Surgery, Hiwa, Shar, and Pediatric 

Hospitals, as well as Smart and Bakhshin Private Hospitals 

in the city of Sulaymaniyah, Iraq. The isolates were ob-

tained from diverse clinical specimens, including bron-

choalveolar lavage (BAL), endotracheal aspirates (ETA), 

pleural fluid, wound swabs, blood, urinary catheters, and ear 

swabs, following the principle of one isolate per patient. All 

isolates included in this study were collected between Sep-

tember 2024 and July 2025. 

2.2. Isolation and Identification 

The bacterial isolates were first identified by their mor-

phological features on MacConkey agar, cetrimide agar, 

blood agar, and nutrient agar, then subjected to Gram stain-

ing and biochemical tests like catalase and oxidase assays. 

In addition, the Vitek® 2 (BioMérieux, France) or BD 

Phoenix M50 automated systems (BD Diagnostic Systems, 

USA) were used for confirming identification according to 

the manufacturer’s instructions [6-8]. 

2.3. Antimicrobial Susceptibility Assay 

     Antimicrobial susceptibility testing of P. aeruginosa 

isolates was performed using automated identification and 

susceptibility testing (ID/AST) systems, including the Vitek 

2 (AST-GN 417 and AST-GN 419 cards; BioMérieux, 

France) and BD Phoenix M50 (BD Diagnostic Systems, 

USA) [8]. Minimum inhibitory concentrations were deter-

mined for ampicillin (AMP), piperacillin/tazobactam (P/T), 

ceftazidime (CAZ), cefepime (FEP), ceftriaxone (CRO), 

imipenem (IMP), meropenem (MEM), amikacin (AK), 

levofloxacin (LEV), ciprofloxacin (CIP), gentamicin 

(GEN), tigecycline (TGC), and trimethoprim–sulfamethox-

azole (SXT). Susceptibility to selected antibiotics was fur-

ther assessed using the Kirby–Bauer disc diffusion method 

on Mueller–Hinton agar according to the 2025 guidelines of 

the Clinical and Laboratory Standards Institute (CLSI), 

providing standardized phenotypic confirmation of re-

sistance profiles [9]. Isolates were classified as (MDR), 

(XDR) and (PDR) based on established criteria: MDR was 

defined as non-susceptibility to at least one agent in ≥3 an-

timicrobial classes, XDR as non-susceptibility to at least 

one agent in all but ≤2 antimicrobial classes, and PDR as 

non-susceptibility to all agents in all antimicrobial classes 

[10]. 

2.4. DNA Extraction 

    Genomic DNA was extracted using the Presto Mini 

gDNA Bacteria Kit (Geneaid, Taiwan) according to manu-

facturer’s instructions. The quantity and quality of extracted 

DNA samples were measured using a NanoDrop 2000 spec-

trophotometer (Thermo Scientific, USA). 

2.5. Molecular Identification of P. aeruginosa 

The gyrB gene was amplified using a thermal cycler 

(Techne, USA), which confirmed the molecular identifica-

tion of P. aeruginosa. Each PCR reaction was a 50 μL vol-

ume, containing 25 µL of 2X OnePCR™ Ultra SuperMix 

(GeneDireX/Taiwan), 1 µL of the forward primer, 1 µL of 
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the reverse primer, 3 µL of template DNA (50 ng), and 20 

µL of nuclease-free dH2O. The specific PCR conditions, 

primer sequences, and amplicon size are shown in Table 1. 

2.6. Molecular Detection of Virulence (lasB, toxA, 

exoS, and algD) Genes in P. aeruginosa 

     Through the utilization of a polymerase chain reac- 

tion (PCR), the virulence genes lasB, toxA, exoS, and algD 

were detected in the 36 isolates. The primer sequences and 

the settings for the PCR amplification are presented in Table 

1. 

2.7. Gel Electrophoresis and Visualization 

     The PCR-amplified products were stained with eth-

idium bromide in 1% agarose and subjected to gel electro-

phoresis (Cleaver Scientific, UK) in 1X TBE buffer at 80V 

for 60 minutes. Images were acquired using a Bio-Rad Gel 

Doc XR+ imaging system (Bio-Rad, USA) [11]. 

2.8. Molecular Typing (ERIC-PCR) 

     ERIC-PCR was used for molecular typing of all 36 

clinical isolates. The procedure was done with a thermocy-

cler and the primers listed in Table 1. Banding patterns were 

investigated in order to find the genetic relatedness among 

the isolates.  

Table 1: The primer sequences, PCR settings, amplicon sizes, and references for the targeted genes. 

Gene 

Primers 

Primer Sequence 

Oligo sequences 5'→ 3 

(10-50 bp) 

Amplicon 

Size (bp) 

 

 

PCR Condition for 

Amplification R
ef

er
en

ce
s

 

gyrB-F 
CCTGAC-

CATCCGTCGCCACAAC 
225 

Initial denaturation at 94°C for 4 min, (Denaturation at 94°C 
for 30 Sec, annealing at 63°C and 1 min, extension at 72°C 

for 2 min, this was repeated for 35 cycles). With Final exten-

sion at 72°C for 5 min. 

[12] 

gyrB-R CGCAGCAGGATGCCGACGCC 

exoS-F CTTGAAGGGACTCGACAAGG 

504 

Initial denaturation at94°C for 4 min, (Denaturation at 94°C 

for 30 Sec, annealing at 53°C and 1 min, extension at 72°C 
for 2 min, this was repeated for 35 cycles). With Final exten-

sion at 72°C for 5 min. 

[13] 

exoS-R TTCAGGTCCGCGTAGTGAAT 

algD-F ATGCGAATCAGCATCTTTGGT 

1311 

Initial denaturation at94°C for 4 min, (Denaturation at 94°C 

for 30 Sec, annealing at 55°C and 1 min, extension at 72°C 

for 2 min, this was repeated for 35 cycles). With Final exten-

sion at 72°C for 5 min. 

[14] 

algD-R CTACCAGCAGATGCCCTCGGC 

toxA-F GGAGCGCAACTATCCCACT 

352 

Initial denaturation at94°C for 4 min, (Denaturation at 94°C 

for 30 Sec, annealing at 52°C and 1 min, extension at 72°C 
for 2 min, this was repeated for 35 cycles). With Final exten-

sion at 72°C for 5 min. 

[15] 

toxA-R TGGTAGCCGACGAACACATA 

lasB-F TCTACCCGAAGGACTGATAC 

300 

Initial denaturation at 94°C for 4 min, (Denaturation at 94°C 
for 30 Sec, annealing at 52°C and 1 min, extension at 72°C 

for 2 min, this was repeated for 35 cycles). With Final exten-

sion at 72°C for 5 min. 

[16] 

lasB-R AACACCCATGATCGCAAC 

ERIC-F 
ATGTAAGCTCCTGGGGAT-

TCAC 
Variable 

Initial denaturation at 94°C for 4 min, (Denaturation at 94°C 

for 30 Sec, annealing at 55°C and 1 min, extension at 72°C 
for 2 min, this was repeated for 35 cycles). With Final exten-

sion at 72°C for 5 min. 

[17] 

ERIC-R 
AAGTAAGTGACTGGGGTGAGC

G 

2.9. Biofilm Formation 

      Biofilm formation was assessed using the 96 well 

microtiter plate assay. Bacterial cultures were grown in TSB 

at 37°C for 24 hours. The resulting cultures were then ad-

justed to match McFarland standard No. 0.5 using the same 

medium as a diluent. A 200 µl suspension of each bacterial 

isolate was transferred into three separate wells of a 96-well 

flat-bottomed polystyrene plate and incubated at 37°C for 

another 24 hours. 

     After incubation, each well was washed three times 

with distilled water, then thoroughly dried. The adhered 

bacterial cells were stained with 200 µl of 0.1% crystal vio-

let for 20 minutes. Washing the biofilm several times, and 

200 µl of ethanol in each well dissolved the crystal violet 

that had stuck to it, and wells with broth that didn't have 

bacteria in them were used as negative controls. This assay 

was performed in triplicate, ELISA microplate reader 
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(BioTek, USA) reader was used to measure the optical den-

sity (OD) at 595 nm.  The absorbance values showed how 

much biofilm had formed on the surface of the microtiter 

plate [18]. The results were divided into four groups based 

on the measured OD values, as follows: 

ODT ≤ ODC = non-biofilm producer. 

ODC < ODT ≤ 2 ODC = Weak biofilm producer. 

2 ODC < ODT ≤ 4 ODC = Moderate biofilm producer. 

4 ODC < ODT = Strong biofilm producer. ODT shows 

how much the tested isolates absorb, and ODC shows how 

much the control wells absorb. 

2.10. Ethical Approval 

      This study was ethically approved by the Research 

Ethics Committee of the College of Medicine University of 

Sulaimani, Kurdistan Region of Iraq. Approval was granted 

under the reference number 24102024-25-340 on October 

10, 2024. 

 

 

 

 

3. Results and Discussions 

3.1. 3.1 Distribution of P . aeruginosa from Clinical 

Specimen 

This study collected samples from different hospitals 

and clinics, including Burn and Plastic Surgery (12, 

33.33%), Shar (6, 16.66%), Pediatric (3, 8.33%), Hiwa (7, 

19.44%) public hospitals and Smart (7,19.44%) and Bakh-

shin (1, 2.77%) private hospitals which located in the Sulay-

maniyah city.  Variations in isolation rates may reflect dif-

ferences in patient population, sampling frequency, or in-

fection control strategies used in these healthcare settings. 

However, neither the implementation nor efficacy of infec-

tion control measures are directly evaluated in this study. 

     The percentages of the clinical sample sources were 

as follows: wounds (burn and surgical) (18, 50%), respira-

tory (bronchoalveolar lavage/endotracheal aspirates) (11, 

30.55%), blood (4, 11.11%), ear swabs (2, 5.55%) and uri-

nary catheter (1, 2.77%) specimens (Figure 1). 

 

Figure 1: The distribution of clinical samples across various medical facilities. A: Percentages of the sample varied across different hospitals 
and clinics. B: Percentages of the clinical sample sources. 

The results show that most of the isolates came from 

samples of wounds and respiratory tract samples. Wound 

sepsis is the main cause of death after burn injuries. P. ae-

ruginosa is one of the highly concerns bacteria that can 

make it harder for physicians to treat patients and even kill 

them [19].  Infections frequently originate from a patient’s 

own skin flora or from the surrounding hospital environ-

ment. Upon admission, patients are increasingly vulnerable 

to healthcare-associated infections (HAIs) and colonization 

by (MDR) microorganisms. Such risks are commonly asso-

ciated with contaminated hospital surfaces, cross-transmis-

sion by healthcare personnel and other patients, or exposure 

to invasive medical devices [20]. Several factors drive the 

incidence of HAIs, including non-compliance with hygiene 

protocols, insufficient sterilization of reusable medical 

equipment, and prolonged use of indwelling catheters. 

These risks are further intensified by inappropriate antibi-

otic use, patient immunosuppression, and overcrowded 

healthcare facilities, highlighting the critical need for strin-

gent infection control practices [21]. 

     Infections caused by P. aeruginosa in BAL samples, 

indicating involvement of the lower respiratory tract, are 

typically associated with increased clinical severity. Lower 

respiratory tract infections, including pneumonia and venti-

lator-associated pneumonia, pose significant risks, particu-

larly in immunocompromised patients or those with severe 

underlying illnesses. In the pulmonary environment, P. ae-

ruginosa frequently forms biofilms, which contribute to 

persistent infection, increased resistance to antimicrobial 

therapy, and challenges in clinical management can lead to 

infections that last a long time and are hard to treat. Infec-

tions in the lungs can also lead to sepsis, which makes prob-

lems in other parts of the body more likely. Overall, respir-

atory infections with P. aeruginosa are associated with 

higher morbidity and mortality rates, making them more 

dangerous compared to infections in other sites [22]. 
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3.2. Phenotypic Identification of P. aeruginosa 

The bacterial isolates samples were morphologically 

analyzed and confirmed as P. aeruginosa. They were Gram-

negative, rod-shaped, and had a characteristic grape-like 

odor. On Cetrimide agar and Muller Hinton agar, their col-

onies looked bluish-green. The oxidase and catalase tests 

came back positive for all of the isolates. The Vitek 2 com-

pact systems or the BD PhoenixTM automated system were 

used to confirm the identity (Figure 2). 

  

Figure 2: An example of phenotypic identification of P. aeruginosa. A. Microscopical examination (Gram stain) of the bacteria     B. Positive 
for oxidase reaction      C. Cetrimide agar without emphasizing pigment production.       D. Bluish-green colony on Cetrimide agar production 
of pyocyanin. 

3.3. Molecular Identification of P. aeruginosa 

Polymerase chain reaction (PCR) was used to confirm 

the molecular identity of P. aeruginosa. All thirty-six sam-

ples (100%) tested positive for the gyrB gene (Figure 3). 

The gyrB gene (which codes for DNA gyrase subunit B) is 

a very specific and reliable target for PCR to confirm the 

identification of P. aeruginosa. This method is faster and 

more accurate than traditional methods, which is crucial for 

finding infections in clinical samples or environmental 

sources [12, 23, 24]. 

 

 

Figure 3: Agarose gel electrophoresis conducted for the gyrB gene 
(225 bp) of P. aeruginosa, Lane 1-36: Positive samples, NC: neg-
ative control, L: 100 bp DNA ladder.  

3.4. Antibiotic Susceptibility Test (AST) 

The results of the AST results of the bacterial samples 

were shown a remarkable resistance patterns to most antibi-

otic classes, particularly antibiotics chosen for treating P. 

aeruginosa infections. The bar chart (Figure 5) shows the 

percentage of P. aeruginosa isolates that are resistant to a 

group of antibiotics, including both common and more ad-

vanced ones.  

 

     Resistance to ticarcillin/clavulanic acid was ob-

served in 93% of the bacterial isolates, indicating that this 

β-lactam/β-lactamase inhibitor combination is largely inef-

fective against the tested strains. This finding indicates that 

this β-lactam/β-lactamase inhibitor combination is largely 

ineffective against the tested isolates. High resistance rates 

were also detected for aztreonam (82%), tobramycin (72%), 

norfloxacin and levofloxacin (69% each), and ciprofloxacin 

(67%), reflecting a clear trend of resistance to both fluoro-

quinolones and aminoglycosides. 

 

     Among the carbapenems, resistance to imipenem 

and meropenem was observed in 56% and 39% of isolates, 

respectively. Cephalosporins also demonstrated moderate 

to high resistance levels, with resistance rates of 56% for 

ceftazidime and 42% for cefepime. In contrast, newer β-lac-

tam/β-lactamase inhibitor combinations showed compara-

tively lower resistance rates, including ceftolozane/tazobac-

tam (30%), ceftazidime/avibactam (43%), and piperacil-

lin/tazobactam (42%), suggesting these agents may still re-

tain some therapeutic value. Notably, colistin exhibited the 

lowest resistance rate (10%), indicating that it remains one 
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of the last-resort treatment options for infections caused by 

resistant P. aeruginosa. 

 

 

Figure 4: Kirby-Bauer Disk Diffusion Assay Results. 1:Ampicilin 
(AM), 2:Ticarcillin–Clavulanic acid (TIM),  3:Norfloxacin 
(NOR),  4:Levofloxacin (LEV), 5:Ciprofloxacin (CIP), 6:Trime-
thoprim–Sulfamethoxazole (SXT), 7:Imipenem (IMP), 8:Doxycy-
cline (DO), 9: Tobramycin (TOB), 10:Ceftazidime (CAZ), 
11:Cefepime (FEP), 12:Colistin (CT), 13:Piperacillin (PRL), 
14:Cefotaxime (CTX),15:Ticarcillin (TIC), 16:Amoxicillin-
Clavulanate  (AMC). 

 

 

Figure 5: Percentage of P. aeruginosa isolates resistant to differ-
ent antibiotics. Colistin exhibited the lowest resistance, while ti-
carcillin/clavulanic acid showed the highest resistance. 

Table 2: Phenotypic resistance patterns of pseudomonas aeruginosa isolates classified as MDR, XDR, and PDR.  R: re-

sistance, S: sensitive.

Antimicrobial Classes 

Resistance Pattern of P. aeruginosa  

MDR  XDR  PDR 

Patterns (P) Patterns (P) Patterns(P) 

P1 P2 P3 P4 P5 P6 P7 P8 P1 P2 P3 P1 

Piperacillin/ 

Tazobactam 
R R S S S S S S R S R R 

Cephalosporins S S R R R R S R R R R R 

Polymyxins S S S S S S S S S S S R 

Carbapenems S S S R R S S S S R R R 

Aminoglycosides S S R S S S S S R R R R 

Fluoroquinolones S R S R S S R R R R R R 

Total (%) 17/36 (47.2%) 13/36 (36.11%) 3/36 (8.3%) 

The distribution of drug-resistant P. aeruginosa isolates varied across the six hospitals (Figure 6).  

 

 

 

Figure 6: Distribution of (MDR), (XDR), and (PDR) isolates 
across different hospitals (Burn/Plastic, Hiwa, Shar, Smart, Pedi-
atric, and Bakhshin). MDR isolates were detected in all hospitals, 

while XDR and PDR iso-lates were mainly observed in Burn/Plas-
tic and Hiwa hospitals. 

 

Burn/Plastic Hospital showed the highest burden of re-

sistance, with 5 MDR, 6 XDR, and 1 PDR isolates (12 re-

sistant isolates including those resistant to colistin), indicat-

ing a major clinical concern. Hiwa Hospital reported seven 

resistant isolates, including 3 MDR, 2 XDR, and 2 PDR 

strains, and together with Burn/Plastic was the only hospital 

where PDR isolates were detected. Shar Hospital had six 

resistant isolates (5 MDR and 1 XDR) with no PDR strains. 

Smart Private Hospital recorded seven resistant isolates 

consisting of 3 MDR and 4 XDR strains, while Pediatric 

Hospital had only 3 MDR isolates and no XDR or PDR 

cases. Bakhshin Private Hospital showed the lowest re-

sistance burden, with only a single MDR isolate and no 

XDR or PDR detected. Overall, these findings demonstrate 
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notable variation in antimicrobial resistance profiles among 

the hospitals, with Burn/Plastic and Hiwa showing the most 

concerning resistance patterns. 

 The overall prevalence of resistance among the 

studied isolates was significant, with MDR, XDR, and PDR 

rates of 47.2%, 36.11%, and 8.3%, respectively. Local stud-

ies have documented variable findings: in Erbil, MDR and 

XDR rates were 76% and 20% [25], in Basrah, 72.6% and 

91.3% [26] in Sulaymaniyah, 36.7% and 22% [27], and in 

Diyala, 30.8% and 33.3% [28]. Resistance levels also dif-

fered in nearby countries, with higher rates reported in Iran 

(58% MDR, 26.8% XDR) [29]and Syria (54% MDR) [30], 

moderate levels in Jordan (52.5% MDR, 34.1% XDR) [13], 

and lower prevalence in Kuwait (13.8% MDR, 6.2% XDR) 

[31] and Saudi Arabia (7.3% MDR, 4.1% XDR) [32]. 

     In Europe, resistance patterns were also very differ-

ent. For example, Greece had the highest rates (38.3% 

MDR, 30.6% XDR) [33], Spain had the second highest 

(27.2% MDR, 14.4% XDR) [14], and Poland had the third 

highest (32.7% MDR, 15.2% XDR) [34], France, on the 

other hand, had the lowest rates (19% MDR, 7% XDR) [35]. 

     As a conclusion, Iraq has one of the highest rates of 

(MDR) and (XDR) P. aeruginosa in the region, higher than 

most of its neighbors and many parts of Europe. These re-

sults suggest that we must enhance our management of an-

timicrobials and improve infection control measures to pre-

vent untreatable outbreaks and those occurring in healthcare 

environments. 

3.5. Molecular Detection of Virulence Genes (lasB, 

toxA, exoS, algD) in P. aeruginosa 

Molecular analysis was conducted to detect the pres-

ence of virulence genes (lasB, toxA, exoS, and algD) in all 

clinical isolates of P. aeruginosa. Gel electrophoresis of the 

PCR-amplified products revealed that 36 isolates (100%) 

possessed the lasB gene (Figure 7), 32 isolates (88.9%) con-

tained the toxA gene (Figure 8), 19 isolates (52.7%) carried 

the exoS gene (Figure 9), and 36 isolates (100%) carried the 

algD gene (Figure 10). 

     In total, 18 isolates (50%) were positive for all of the 

virulence genes that were investigated. 32 isolates (88.9%) 

had lasB, algD, and toxA; 19 isolates (52.7%) had lasB, 

algD, and exoS; and 18 isolates (50%) had both toxA and 

exoS. 

 

 

Figure 7: Agarose gel electrophoresis conducted for the lasB gene 
(153 bp) of P. aeruginosa, Lane 1-36: Positive samples, NC: neg-
ative control, L: 100 bp DNA ladder. 

 

Figure 8: Agarose gel electrophoresis conducted for the toxA gene 
(150 bp) of P. aeruginosa, Lane 1-9, 11-12, 14, 16-22, and 24-36: 
Positive samples, NC: negative control, L: 100 bp DNA ladder. 

 

Figure 9: Agarose gel electrophoresis conducted for the exoS gene 
(504 bp) of P. aeruginosa, Lane 1-4, 6, 8, 11-12, 18, 22-26, 28, 
and 33-36: Positive samples, NC: negative control, L: 100 bp DNA 
ladder. 

 

Figure 10: Agarose gel electrophoresis conducted for the algD 
gene (1310 bp) of P. aeruginosa, Lane 1-36: Positive samples, NC: 
negative control, L: 100 bp DNA ladder. 

The present data indicated that the virulence genes were 

not evenly spread among P. aeruginosa isolates. PCR anal-

ysis showed that all isolates had the lasB and algD genes, 

which suggests that these genes are important for patho-

genicity. Interestingly, approximately half of the isolates 
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carried all four virulence genes, suggesting a higher poten-

tial for pathogenicity.  

     The gene combinations that were found to be most 

common were lasB, algD, and toxA (88.9% of the isolates), 

while a lower percentage (52.7%) had lasB, algD, and exoS. 

Fifty percent of the isolates also had exoS and toxA. Differ-

ent clinical strains of P. aeruginosa exhibit different levels 

of virulence, which can be explained in part by the genetic 

variety of this bacterium. Similarities and differences were 

documented in the results when we compared this report to 

others from Iraq and the neighboring countries. We found 

that in Erbil lasB  and algD genes were very common 

(100% and 91.1%, respectively) but exoS was less common 

(62.4%)[25], while in Baghdad exoS was more common 

(87%),  comparing to  lasB and algD gens (28% and 29%, 

respectively) [36]. 

     Similarly, Iranian studies found toxA levels between 

55% and 60% and consistently high levels of lasB at 95%. 

However, the prevalence of exoS varied greatly, with some 

studies finding as many as 90% and others finding as little 

as 5%[37, 38]. Much to our isolates, Turkish isolates 

showed a high incidence of lasB (98-100%) and algD (87-

93%), whereas toxA (62.9-66.6%) and exoS (50-62.8%) dif-

fered among investigations [16, 39].  

     Contrarily, Egyptian isolates consistently exhibited 

high frequencies of all four genes: toxA (76-86%), exoS (82-

84%), algD (80-91%), and lasB (89-90%), indicating that 

the community had numerous virulence factors [33, 40]. 

Polish isolates in Europe exhibited elevated levels of toxA 

(96.3%), lasB (90%), and algD (92.5%), while exoS levels 

were moderate (58.9%), aligning with our findings [34]. 

     The high levels of lasB and algD in our samples, 

along with reports from nearby countries and Europe, sug-

gest that they are likely important in the development of dis-

ease. On the other hand, the different levels of toxA and 

exoS in different places may have an effect on how bad the 

disease is and how it spreads in different areas. 

3.6. Prevalence of all Virulence Genes across 

Different Sample Sources 

When the isolates that contained all of the virulence 

genes simultaneously were investigated, ear samples re-

ported the highest rate at (1/1, 100%), followed by bron-

choalveolar lavage samples at (5/6, 83.3%) and endotra-

cheal aspiration samples at (3/4,75%). Blood samples 

showed the lowest rate, (2/5, 40%), and wound samples, 

which have the highest total count 18, recorded a relatively 

low rate of 28%. Figure 11 shows how the presence of 

virulence genes varies between clinical isolation sites. 

 

Figure 11: Distribution of all virulence genes (lasB, toxA, exoS, 
and algD) among various clinical isolation sites. Orange bar indi-
cating showing the total number of samples collected. Blue bar in-
dicating the number of samples positive for all tested virulence 
genes. Yellow bar shows the percentage of positive samples com-
pared to the total for that source. 

3.7. Relation between Virulence Genes and 

Resistance Profile of Studied P. aeruginosa 

Isolates 

The isolates were divided into four patterns based on 

whether or not they have particular virulence genes: Pattern 

I (PI) was the most common, making up 50% (n = 18) of the 

isolates. All isolates in this group tested positive for all four 

virulence genes, which means they had a very virulent pro-

file. Pattern II (P II) made up 39% (n = 14) of the isolates. 

These strains were positive for lasB, toxA, and algD but 

negative for exoS. This shows that the virulence is a little 

lower than that of PI. Eight percent (n = 3) of the isolates 

showed Pattern III (P III), which means they were positive 

for lasB and algD but negative for both toxA and exoS. This 

means they had a less virulent profile.  

     Finally, Pattern IV (P IV) made up just 3% (n = 1) 

of the isolates. It was positive for lasB, exoS, and algD, but 

negative for toxA. This was a unique gene combination. 

MDR isolates were most common in PI (67%), followed by 

PII (50%) and PIII (33%), while no MDR isolates were 

detected among PIV. The highest XDR profile was recorded 

in PIV (1/1, 100%), followed by PIII (67%) and PII (36%), 

while PI recorded only 28%. Among 3 PDR isolates, 2 of 

them were in PII(14%) and 1 in PI(6%). 

 

 

Figure 12: Illustrates the interaction among various P. aeruginosa 
virulence gene patterns (P I, P II, P III, P IV) and their correspond-
ing antibiotic resistance profiles. P I:  positive for all genes lasB, 
toxA, exoS; and algD; P II: lack ExoS; P III: lake toxA, exoS; and 
P IV: lake toxA. 

0% 50% 100%

PI (12/18)

PII (8/14)

PIII (1/3)

PIV (1/1)

67%

50%

33%

0%

28%

36%

67%

100%

6%

14%

0%

0%

Resistance  Patterns 

P
a
tt

er
n

s

MDR 18 XDR 14 PDR 3



 

61 

CJNST 2025, Vol. 2, Issue 1, pp. 53–65 

In this investigation, wound isolated samples (18) recorded 

the highest resistance profiles, and formed strong biofilms 

which help bacteria stick to their environment protect them 

from medications and the body's defenses, and make infec-

tions endure longer. Hence, it will be hard to treat these dis-

eases because there aren’t many antibiotics left to kill them. 

They all had lasB and algD virulence genes, which break 

down tissue by breaking down elastase and protease (lasB) 

and keeping biofilms alive through alginate (algD). There 

were 14 isolates-with toxA and 7 with exoS. These made-

exotoxin A and type III secretion effectors, which made 

them more dangerous.  

     This distribution pattern shows that respiratory tract 

isolates (BAL) are much more likely to have all of the viru-

lence genes than systemic (blood) or superficial wound 

sources. The elevated frequency of virulence genes in res-

piratory isolates likely reflects their selective advantage in 

colonizing and persisting within the pulmonary environ-

ment, particularly in mechanically ventilated patients. Con-

versely, the lower prevalence in blood and wound isolates 

may suggest reliance on alternative pathogenic strategies, or 

that these infections arise opportunistically without requir-

ing the full complement of virulence factors. Respiratory 

isolates that have multiple virulence genes are more likely 

to spread and cause serious illnesses in healthcare settings 

[35]. 

3.8. Detection of Biofilm Formation 

Following 24 hours of incubation at 37°C in TSB me-

dium, all 36 tested P. aeruginosa isolates demonstrated bio-

film formation. The mean OD595 of all isolates was 0.70, 

which was approximately 7.6 times higher than that of the 

negative control (mean ODC = 0.092), indicating that the 

isolate was a strong biofilm producer. Among all isolates 

tested, 92% exhibited strong biofilm formation, 8% moder-

ate, 0% weak, and 0% showed no adherence. (Figure 13). 

 

 
Figure 13: Detection of P. aeruginosa biofilm using 96-well mi-
crotiter plates assay. 

Significant amounts of biofilm are produced by P. ae-

ruginosa isolates from wound and BAL samples, but less is 

produced by ear isolates and moderate amounts are pro-

duced by blood isolates.  

     In the present work, we also investigate the correla-

tion between strong biofilm formation (OD > 4X of the con-

trol), virulence genes, and different clinical isolation sites. 

It was found that the exoS gene was related to the clinical 

source more than other virulence genes, as 100% of the ear 

samples were positive for this gene, while BAL samples 

counted 68%, followed by wound (39%) and blood (25%) 

samples, On the other hand, the genes algD, lasB, and toxA 

are consistently present in isolates that generate strong bio-

films, irrespective of the clinical sites (Figure 14). 

 

Figure 14: Relationship among strong biofilm production, virulence genes and different clinical isolation sites. BAL: Bronchoalveolar lavage, 
ETA: Endotracheal aspiration. 
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  P. aeruginosa has a very flexible genome that lets it 

change its virulence factors based on the ecological pres-

sures of its environment. Mitov et al. (2010) found that res-

piratory isolates had a lot more elastase and phospholipase 

C–encoding loci than blood isolates, which is a genomic 

richness that is not often seen in blood isolates[41]. In a sim-

ilar manner, Qin et al. (2022) demonstrated that BAL spec-

imens from patients with ventilator-associated-pneumonia 

exhibited a significantly heightened prevalence of exoS, 

exoU, and algD, surpassing the genetic diversity observed 

in wound isolates [42].  Approximately 80% of respiratory 

isolates carried multiple virulence gene cassettes, while 

only about one-third of blood isolates displayed a similar 

genomic profile. This difference emphasizes adaptive vari-

ations that are likely shaped by the differing pressures in 

their microenvironments [43]. 

 

     These molecular findings align with earlier research, 

highlighting a strong link between the types of virulence 

factors and the ability of P. aeruginosa to form biofilms. 

The fact that PI and PII profiles are the-most common 

among strong biofilm producers suggests that these geno-

types are especially good at growing in biofilms. This is be-

cause virulence expression and biofilm development are 

linked through shared regulatory pathways [37].  

     This change probably helps-bacteria stay alive 

longer in chronic-infections, which makes them harder to 

treat. Because of this, isolates with PI and PII virulence pro-

file may be linked to longer infections and more resistance 

to antibiotics. This shows that we-need to use targeted treat-

ment methods and improve infection control measures. 

3.9. Molecular Typing (ERIC-PCR) 

In this study, the ERIC primer was used to detect vari-

ations in the distribution and copy number of this repetitive 

element within the genomes of clinical P. aeruginosa iso-

lates. ERIC-PCR amplification of 36 P. aeruginosa isolates 

collected from different sources in different hospitals pro-

duced banding patterns ranging from 3 to 11 bands per iso-

late, with fragment sizes between 100 and 1500 bp (Table 

3).   The most frequent bands were 28 bands of about 800 

bp and the least frequent bands were 7 bands of about 1000 

bp. The dendrogram (Figure 15) based on the ERIC-PCR 

patterns grouped isolates into 29 genotypes 36 P. aeru-

ginosa with 80% similarity as the cut-off with a discrimina-

tory power (D) of 0.8175.  

     ERIC-PCR analysis classified the isolates into three 

major clusters (C1, C2, and C3), indicating notable genetic 

diversity. Shar Hospital included six isolates from respira-

tory sources, which consisted of five bronchoalveolar lav-

ages and one endotracheal aspirate. Four of these isolates 

had two sets of identical genotypes in C3 (one set of them 

shared the same resistance and virulence profiles), and the 

other set had identical genotypes in C2 but not necessarily 

shared the same resistance profile. The Burn/Plastic hospi-

tal had 12 isolates, all from wound samples. Ten of these 

isolates had different genotypes and were grouped in C1. 

Only two of these genotypes were identical and were  

grouped in C3 and almost different virulence and re-

sistance profiles. The Hiwa Hospital had seven isolates, all 

from C2. They came from four wound samples, one BAL 

sample, and two blood samples. None of these isolates were 

genetically identical and the virulence and resistance pro-

files are often varied. The Pediatric hospital provided three 

isolates from respiratory sources (endotracheal aspirate). 

Two of these isolates exhibited similar genotypes catego-

rized as C3 with identical resistance-profile but different 

virulence-pattern, while the remaining isolate was 

documented in C1.  

Smart Private Hospital included seven-isolates, all 

grouped within C2. Three of these isolates showed identical 

genotypes (2 of them with same resistance and virulence 

pattern) from different sources (blood, wound, and ear). Ad-

ditionally, two other identical genotypes were identified 

from separate sources (blood and wound) and showed dif-

ferent resistance pattern. The last two isolates were not re-

lated. Bakhshin Private Hospital had a single isolate located 

in C2, which was obtained from a catheter sample. 

Table 3: Molecular weight and percentage of bacterial sample 

had the band. 

 

Band 
Molecular 

 weight 

No. of  

isolates (36) 

Percent-

age 

 % 

ERIC 1 100bp 10 27.77% 

ERIC 2 200bp 18 50% 

ERIC 3 300bp 18 50% 

ERIC 4 400bp 27 75% 

ERIC 5 500bp 27 75% 

ERIC 6 600bp 26 72.20% 

ERIC 7 700bp 20 55.55% 

ERIC 8 800bp 28 75% 

ERIC 9 900bp 23 63.88% 

ERIC 10 1000bp 4 11.11% 

ERIC 11 1500bp 7 19.44% 
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Figure 15: Dendrogram Phylogenetic tree and agarose gel electrophoresis (1.5%TBE) for ERIC PCR products of P. aeruginosa. Identical 
bands (S1, S2), (S28, S30 and S33), (S3, S35), (S13, S15), (S4, S36) and (S29, S32), diverse bands (S5-S12, S14, S31, S34) and (S16-S27). 
Lane L: 100 bp DNA ladder. 

The clustering pattern seen in the ERIC-PCR dendro-

gram demonstrates predominantly local dissemination of P. 

aeruginosa strains, since identical genotypes were confined 

to specific hospitals, no evidence of inter-hospital clonal 

spread was observed among the isolates analyzed.  

 As a result, the infections in each hospital seem to have 

originated from distinct bacterial strains that were likely in-

troduced independently into those specific environments, 

rather than from a connected outbreak. These distinct strains 

may have arisen from a community, the hospital environ-

ment (e.g., water systems, surfaces), or the patients' own di-

verse colonizing microbiota. 

 

     The analysis of the remaining isolates (23/36, 64%) 

showed that the ERIC-PCR banding profiles exhibited sig-

nificant genetic diversity. This suggests that multiple geno-

types exist within the hospitals. The analysis also showed 

that isolates from different hospitals did not have the same 

genotypic profiles. This shows that strains were spreading 

independently in each hospital. These results show that the 

spread of the disease is complicated, which could make it 

harder to control. To better understand how different sub-

types spread and stay in healthcare settings, a thorough 

study of the transmission pathways that are active in these 

https://cjnst.chu.edu.iq/
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settings is needed. The genetic differences seen suggest that 

cases found in different hospitals are not related in terms of 

disease spread, which means that there is no one dominant 

clone. This pattern matches what other regional studies have 

found. For instance, research done in Iraq found a lot of ge-

netic variation among hospital isolates, with many major, 

intermediate, and unique genetic clusters [44], This diver-

sity may show that P. aeruginosa can set up local reservoirs 

and then spread between healthcare facilities. 

      Similar results have been found in Iran, where a lot 

of genetic diversity was found. There were also a lot of 

(MDR) and (XDR) isolates with different ERIC-PCR pro-

files [45]. This indicates that resistant clones are proliferat-

ing in the area. In conclusion, this study demonstrates that 

multidrug-resistant P. aeruginosa constitutes a substantial 

concern in healthcare environments in Sulaymaniyah City, 

particularly concerning respiratory tract and wound infec-

tions. It is very hard to control these infections because they 

have a lot of MDR, XDR, and PDR phenotypes, form 

strong-biofilms, and have a lot of different clonal lineages. 

     The fact that key virulence genes lasB and algD are 

found in many places, while toxA and exoS are found in 

fewer places, shows that the pathogen can adapt and that 

there is a lot of genetic diversity in different areas.  

    The results show that ERIC-PCR is a low-cost option 

than other methods. It gives researchers a reliable and quick 

way to "screen" P. aeruginosa strains because it is very 

cost-effective, easy to use, reliable, quick, and able to type 

P. aeruginosa strains. 

     Finally, these results show how important it is to im-

prove antimicrobial stewardship, infection control 

measures, and molecular surveillance all the time in order 

to stop the spread of high-risk P. aeruginosa clones and 

contribute to patients' recovery. 

4. Conclusion 

This study provides molecular and phenotypic charac-

terization of clinical P. aeruginosa isolates from hospitals 

in Sulaymaniyah City. A high prevalence of multidrug‑re-

sistant and extensively drug‑resistant strains was observed, 

and most isolates demonstrated strong biofilm‑forming 

ability. Molecular analysis revealed widespread distribution 

of the virulence genes lasB and algD, while toxA and exoS 

were present in a substantial proportion of isolates, indicat-

ing considerable pathogenic potential. ERIC‑PCR typing 

showed notable genetic diversity, with identical genotypes 

mainly confined to isolates from the same hospitals, sug-

gesting local clonal dissemination. These findings highlight 

the need for strengthened antimicrobial stewardship, strict 

infection‑control practices, and continued molecular sur-

veillance to limit the spread of high‑risk P. aeruginosa 

strains.  
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