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1. Introduction

Pseudomonas aeruginosa (P. aeruginosa) is one of the most clinically important Gram-negative bacteria. It is an opportunistic pathogen
responsible for about 10 to 20% of nosocomial infections worldwide [1], virulence factors are components that allow an organism to infect a
host and are often responsible for patient symptoms [2] P. aeruginosa has many virulence factors enzymes and toxins which disrupt host
cells and aid bacterial invasion [3] flagella, which are involved in swimming motility within liquid environments [4] pili, which play a role
in adhesion to cells and surfaces, biofilm formation, and gene transfer [S]. A distinctive hallmark of P. aeruginosa is its propensity for
biofilm formation, an intricate process wherein bacterial cells aggregate within a self-produced extracellular matrix. This biofilm formation
encompasses a complex architectural arrangement that renders the bacterium impervious to conventional antibiotic regimens and contributes
significantly to its clinical impact [6].

2. Materials and Methods

2.1. Ethical approval

Official approvals were obtained to take samples from patients in health institutions, as well as the patients’ consent, in addition to following
all procedures and instructions recommended by the University of Kufa, College of Science.
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2.2, Patients and Specimens Processing

The current research included data gathered from various clinical sources who were suffering from different disorders. Samples were
collected from patients suffering from urinary tract infections, diabetic foot ulcers, and burn injuries in hospitals in Najaf Governorate. The
sample collection period extended from September 2024 to January 2025. The samples were placed on blood agar and McCoy medium and
incubated at 37°C for 24 hours in a sterile environment [7].

2.3. Collection of the specimens and bacterial identification

All isolates of P. aeruginosa were identified by Gram staining some biochemical tests, and oxidase test [7], and finally comfirm by Vitek-2
compact system. Antibiotic susceptibility testing of P. aeruginosa was performed according to the Kirby-Bauer method using disk diffusion
[8], against different drugs Piperacillin-Tazobactam 100/10 mg, Cefepime 30 mg, Meropenem 10mg, Ofloxacin Smg , Norfloxacin 10mg,
Amikacin (30mg), and Netilmicin (30 mg). The zone diameter was applied base on instructions of the Clinical and Laboratory Standards
Institute [9].

2.4. DNA extraction and PCR assay

The DNA extraction micro kit (Favorgen, South Korea) was used to collect all of the nucleic acid for 33 clinical isolates of p.aeruginosa This
was done in accordance with the manufacturer’s protocol. After ensuring the integrity of the whole DNA sample by storing it in a deep
freezer set to -20 degrees Celsius, a PCR analysis was carried out in order to test for the genes listed in Table 1. The equipment for gel
documentation was employed for the migration of PCR amplification at 1% agarose, which were dyed with safety stain at a concentration of
0.5 g/ml.

Table 1: Primer Sequence and condition of thermocycles

Target | Name gene | The sequence (5’ to 3’) Anneali ng (°C) | Size of product bp | Reference

lasA Ziﬁ:g giii%g:éé?ggggﬁg 59 C° 1075 bp Fazeli and Momtaz [10]

lasB Zig :g gg?ggié%fg&’z}%%}g;fg ((;,j 55C° 284 bp Fazeli and Momtaz [10]

PpilA I; Zﬁ ; ?](;é/(\}g?;‘ g g,? (? (S\Ig g g,l? ((}‘] 59 C° 1675 bp Fazeli and Momtaz [10]

nan-1 ZZZ;Z gﬁiﬁ‘éﬁgﬁ%?g%fgg c 50 C° 1316 bp Lanotte et al., [12]

algD Zﬁggi giggggiggg?gﬁggggi 63 C° 313 bp Fazeli and Momtaz [10]
3. Result

3.1. Patients and bacterial growth

Samples for this study were collected from three different sources: diabetic foot ulcer patients, urinary tract infection patients, and burn
injury patients. The results of bacterial culture showed that 66% of the samples were Gram-negative and 25% Gram-positive bacteria, while
6% and 3% had mixed growth and no growth, respectively, for burn injury patients. The results of the culture for diabetic foot ulcer patients
were 59% Gram-negative bacteria growth and 31% Gram-positive bacteria growth, while 4% and 6% had mixed growth and no growth,
respectively. As for the growth results of the UTI culture, they were as follows: 43% Gram-negative bacteria growth and 23% Gram-positive
bacteria growth, while no growth was seen in 34% (table 2). We notice a high rate of non-growth in samples isolated from urinary tract
infections. This may be due to fungal or viral infections, or perhaps physiological problems. Through the results of the Vitek-2 system, it
was found that 11% of the isolates were Pseudomonas aeruginosa.

Table 2: Results of culture media of 300 specimens obtained from burn patients, diabetic foot ulcers, and UTIs.

Growth Burns Patient  Diabetic foot ulcer  Utis
Gram-negative 66 (66%) 59 (59%) 43 (43%)
Gram-Positive 25 (25%) 31 (31%) 23 (23%)
Mix growth 6(6%) 4(4%) 0(0)

No growth 3(3%) 6(6%) 34 (34%)

Total 100(100%) 100(100%) 100(100%)
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3.2. Antimicrobial susceptibility of P. aeruginosa isolates

The results of the current study showed high resistance by P. aeruginosa isolates to an important group of drugs, where the highest resistance
was recorded to the antibiotic Cefepime, and Netilmicin, which reached 100%, followed by resistance to antibiotics Netilmicin and which
reached 96.9%, for each. Whereas the bacteria recorded the lowest resistance rate to the antibiotic Meropenem, which reached 48.4%, while
the other drugs showed diverse resistance, as shown in Table 3.

Table 3: Antibacterial agent susceptibility of P. aeruginosa isolates.

Antibacterial agent Resistance (%) | Intermediate (%) | Sensitive (%)
Piperacillin-Tazobactam | 21 (63.63) 8 (24.24) 4(12.12)
Cefepime 33 (100) 0(0) 0(0)
Netilmicin 32(96.96) 0(0) 1(3.03)
Amikacin 29 (87.87) 3(9.09) 1(3.03)
Meropenem 16 (48.48) 4(12.12) 13(39.39)
Norfloxacin 30 (90.90) 1(3.03) 2 (6.06)
Ofloxacin 31(93.93) 1(3.03) 1(3.03)

3.3. Molecular detection of virulence factor genes in P. aeruginosa isolates.

Results of PCR about resistance genes showed that 33(100%), 33(100%), 29(87.87%), 29(87.87%),17(51.51%) and 9(27.27%) of P.
aeruginosa isolates were harbored lasB, algD, lasA, pilB, nan-1 and pilA genes, respectively (figure 1,2,3,4,5 and 6).
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Figure 1: PCR products for lasB gene of P. aeruginosa isolates
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Figure 2: PCR products for algD gene of P. aeruginosa isolates
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Figure 3: PCR products for lasA gene of P. aeruginosa isolates
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Figure 4: PCR products for pilB gene of P. aeruginosa isolates
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Figure 5: PCR products for nan-1 gene of P. aeruginosa isolates
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Figure 6: PCR products for pilA gene of P. aeruginosa isolates
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4. Discussion

Pseudomonas aeruginosa causes hospital infections, especially in immunocompromised individuals. This work has shown that P. aeruginosa
is highly resistant to most drugs, which is consistent with many studies.

The results of the current study showed a high prevalence of virulence factor genes among Pseudomonas aeruginosa isolates isolated
from different clinical sources. This indicates a worrying indicator, especially the possibility of these genes being transferred to other
bacterial strains. The results of molecular analysis support and reinforce the widespread prevalence and pathogenicity of P. aeruginosa
in health institutions in the city of Najaf. In a local study conducted in hospitals in Babylon Governorate via [13], it was found that P.
aeruginosa isolates were (71.75%) resistant to Norfloxacin, (64.12%) to Piperacillin-tazobactam, and (79.39%) to Amikacin,(93.90%) to
Cefepime (93.90%) while their resistance to Meropenem was (81.68%).W %).

In a local study conducted by [14] in Anbar, Iraq, to detect the virulence factor genes of P. aeruginosa, samples were collected from
infected patients from the National Center for Educational Laboratories, the Educational Burns 84 Hospital, and the Ramadi Educational
Hospital. It showed that the presence of the algD gene was 100%, and pilA was 92%, and pilB was 4%.

While globally also agreed with our results In a study conducted via [15] in Brazil, clinical samples were taken from different sources
and it was found that the presence of the pilA gene was 14.1%, the nan-1 gene was 14.1%, the LasB gene was 89.9%, the pilB gene was
27.3%, and the algD gene was 75.7%.

In a study conducted via [16] in Mazandaran Province, northern Iran, to detect the prevalence of virulence factor genes of P. aeruginosa
isolated from patients admitted to educational and therapeutic hospitals in Iran, it was indicated that the percentage of lasB genes was (96%),
while the prevalence of the lasA gene was (97%).
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