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Abstract 

Pseudomonas aeruginosa is an opportunistic bacterium that synthesizes multiple virulence factors. This research 

assessed the comparative prevalence of exoenzymes (exo) A, U, and S genes (II and III). 

In the present study, a total of 120 specimens were obtained from different hospitals in Babylon, Iraq and collected 

from different sources including burn, wound, urine, ear and sputum. The results showed that 42 (35 %) of isolates 

were P. aeruginosa isolates, distributed to 33 burn (78.5%), ear and urine 3 (7 %) , 2 wound (4.7%) and one sputum 

(2.3%). Class II and III virulence genes were identified using a PCR test on extracted DNA. The Type III Secretion 

System (T3SS) is crucial for the direct translocation of effector proteins into target cells of the host via a needle-like 

apparatus. 

The PCR findings indicated that 41 (97.6%) P. aeruginosa isolates were positive for the ToxA gene, 40 (95%) for the 

exoS gene, and 39 (92.5%) for the exoU gene. According to the categorization of virulence genes, the count of 

invasiveness gene-isolates was 40 for the exoS gene (95%), which is somewhat higher than the cytotoxic gene-isolates 

at 39 for the exoU gene (92%). The findings indicated a statistically significant correlation (p<0.05) between virulence 

genes and T3SS genotypes; however, the prevalence of the ToxA gene was much greater among the cytotoxic 

genotype isolates. The statistical analysis of the current investigation indicated a strong correlation between the 

presence of the exotoxin genes exoS, exoU, and ToxA with resistance to various antibiotic classes (P≤ 0.05). This 

study sought to find the pathogenicity genes. The quantity of isolates possessing the invasive gene (exoS) was 

marginally greater than that of those containing the cytotoxicity gene (exoU). 
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Introduction 

The Gram-negative bacteria Pseudomonas aeruginosa (P. aeruginosa) can survive and adapt to a variety of 

settings, including soil, water, municipal wastes, and hospitals. Both aerobic and anaerobic environments are 

conducive to the bacterium's growth. P. aeruginosa is an opportunistic pathogen that may infect humans, animals, and 

plants. Through surgery, burns, wounds, urinary tract infections, keratitis, and otitis externa, it causes many infections 

in patients with AIDS, cancer, or immunocompromised individuals (1). P. aeruginosa may acquire resistance genes 

on the plasmid or undergo mutational processes that change the expression and/or function of chromosomally encoded 

pathways in order to achieve antibiotic resistance. The therapeutic choices for treating serious infections may be 

significantly limited by both approaches to medication resistance (2). Because it makes it more difficult to choose 

appropriate treatments, the rising incidence of nosocomial infections caused by P. aeruginosa strains that are 
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extensively drug resistant (XDR) and multidrug resistant (MDR) is linked to markedly higher morbidity and death 

(3). 

Exotoxin A is a critical virulence agent of P. aeruginosa, exhibiting significant toxicity to mammalian cells and 

obstructing protein synthesis. This toxin has necrotizing action at the colonization site and is also implicated in 

invasion and immunosuppression (4). PA releases many toxins into the extracellular milieu, with a specific subset 

being directly injected into host cells. This transpires via a macromolecular syringe known as a type III secretion 

system (TTSS). This mechanism is crucial in the pathophysiology of several animal infection models (5). P. 

aeruginosa synthesizes many toxins, including four type III toxins: Exoenzyme S, ExoU, ExoT, and ExoY. In vitro, 

the expression of these toxins has been detected in P. aeruginosa isolates from diverse infection contexts, especially 

in acute infections. Exo S is an effector protein associated with the type III secretion system that operates as an ADP-

ribosylating enzyme. Exo S levels were markedly elevated in vitro in P. aeruginosa isolates from wounds and urinary 

tract infections compared to tracheal isolates (6). 

The ExoS-deficient mutants of P. aeruginosa were shown to stay restricted and induce mainly localized 

infections in burn victims. Elevated levels of ExoS have been documented in P. aeruginosa isolates obtained from 

wound and urinary tract infections, in contrast to tracheal infections, which exhibit greater persistence (7). ExoU has 

been linked to the pathogenicity of P. aeruginosa at the ocular surface. ExoU is a phospholipase that induces 

mammalian cell death, and its presence is prevalent in strains isolated from ocular illnesses. A link exists between the 

presence of exoU and increased resistance to fluoroquinolones and aminoglycosides. ExoU is harbored by bacteria on 

a genomic island that furthermore includes resistance genes for several drugs (8).  xoU has 

phospholipase/lysophospholipase activity and compromises eukaryotic cell membranes after its transfer into the cell 

via type III secretion systems (9). The objective of this research is to investigate the distribution of virulence genes 

and T3SS genotypes in P. aeruginosa isolates obtained from patients. Classification of P. aeruginosa isolates in Iraq 

based on T3SS genotyping into invasive isolates (containing the ExoS gene) or cytotoxic strains (containing the ExoU 

gene). 

 

Materials and Methods 

P. aeruginosa Separation 

Sample Gathering 

Between April and December of 2022, a total of 120 specimens were collected from different hospitals in the 

province of Babylon. Forty-two P. aeruginosa isolates were obtained from patients' burns, wounds, urine, ears, and 

sputum, among other sources. In order to maintain the sample for further analysis using standard microbiological and 

biochemical characteristics, specimens were tagged and delivered by transport medium to the laboratory of the 

Biology Department, College of Science, the University of Babylon. 

Culturing and Identification of Bacteria 

The samples we obtained were from a variety of medical specimens, including burns, sputum, urine and wounds. 

Multiple mediums, including  Blood agar, MacConkey agar, and the specific medium of PA Cetrimide agar, were 

used to cultivate each isolate. All cultivated media were incubated for 18 to 24 hours at 37 oC. In order to exhibit the 

distinctive characteristics exhibited by these bacteria, such as their greenish blue hue and fruity odor, the putative 

isolates of bacterium that may be PA were cultured on Cetrimide agar. Based on Forbes et al., the additional diagnostic 

examinations included the identification of microscopic as well as phenotypic features in conjunction alongside 

biochemical diagnostic procedures [10]. 
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Extraction of genomic DNA 

Following a 24-hour incubation period, Pseudomonas aeruginosa isolates were submitted to genomic DNA 

extraction (Favorgen DNA Extraction KIT, Korea). Nano-drop (Analytik Jena, Germany) was used to measure the 

DNA content and purity for the specimens. Bacteria DNA was isolated from P. aeruginosa specimens that were 

cultivated in culture conditions in accordance with the supplier's methodology (Bacterial). The primer solutions were 

made in accordance with the manufacturer's instructions (Integrated DNA Technologies firm) via diluting them in a 

deionized distilled water (ddH2O) to produce a solution of stock with an end concentration of 100 pmol/l. Prior to 

use, the primer standard solutions were stored at -20 °C. To make a 10 pmol/μl concentration of the work primer 

dissolved in water, 10 μl of stock solution was added to 90 μl of ddH2O, mixed using a vortex device, and stored at -

20 °C until needed. ToxA reverse AAGCCTTCGACCTCTGGAAC, whereas the toxA primer pairs forward 5' -

ATGGTGTAGATCGGCGACAT -3'. The exoU gene primer sequences used in this investigation are exoU forward 

5': CCAACACATTAGCAG CGAGA -3' and exoU reverse 5': TGGGAGTACATTGAGCAGCA.ExoS gene F primer 

sequence: CATCCTCAGGCGTACATCCT, R primer sequence: ATCGATGTCAGCGGGATATC [11]. 

 

PCR assay 

All specimens were examined for the presence of the exoS gene in order to identify the isolates of bacteria 

known as P. aeruginosa. 

 

PCR-based genotyping method 

The previously published approach was used to separate genomic DNA from bacterial cells that were taken 

during overnight culture (Smet et al., 2009). (GeNet Bio, Korea) supplied the extraction kit. Amplification by PCR 

for each of the toxA, exoU, and exoS genes was carried out in accordance with the standard manufacturer's protocol 

for the target gene amplification, which included 3 minutes of initial denaturation at 95°C; one cycle of denaturation 

at 95°C for 30 seconds; 30 seconds of annealing at 53°C; 50 seconds of amplification at 72°C; and five minutes of 

final amplification at 72°C. Following electrophoresis, 5μl of the product of PCR was run on a 1% agarose gel in trice 

boric acid EDTA buffer and visualized under an UV light source to examine the results. 

 

Results 

From 120  clinical samples collected from both sex with different ages were isolated from different hospitals in 

Babylon, Iraq, 42 (35 %) were positive for P. aeruginosa (Figure 1) 

 

Figure 1: Distribution of P. aeruginosa in clinical specimens 
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33 (78.5%) were isolated from burn, three (7%) were from ear and urine, whereas wound was tow (4.7%) and 

one (2.3%) for sputum [Figure 2]. 

 

Figure 2: P. aeruginosa isolates were mostly gathered from clinical environments. 

 

All isolates were cultured on cetrimide agar. On cetrimide agar, the bacterial colonies of P. aeruginosa appeared 

as greenish-blue because the majority of these colonies produce pyocyanin, a greenish-blue dye (Figure 3). 

 

Figure 3: P. aeruginosa colonies on cetrimide agar 

Extraction of DNA 

Isolation of the genomic DNA of P. aeruginosa was conducted using the Favor Prep™ Genomic DNA Mini 

Kit for DNA extraction. The DNA had an approximate concentration of 65-200 ng/µl with high purity sample of DNA 

range was between (1.7–1.8) by using Nano drop devise. 

 

Distribution of Type III Secretion System (T3SS) Genes 

The exos gene was detected in 40 (95%) isolates of P. aeruginosa with an amplification product of 240 kb 

[Figure 4]. The gene encoding exoU was present in 39 (92.5%) of the clinical isolates of P. aeruginosa, with an 
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amplification product of 94 bp, as shown in [Figure 5]. ToxA gene was detected in 41 (97.6%) P. aeruginosa isolates 

and one (2.38 %) negative strain showed amplification product of about 397 bp [Figures 6]. 

 

Figure 4: PCR amplification of the 240 bp exoS gene in specimens of P. aeruginosa on 1.5% agarose at 70 volts for 

two hours. Lane M: DNA marker of 100 bp. Positive isolates in lanes 1–18. 

 

 

Figure 5: PCR amplification of exoU gene (94bp) in P. aeruginosa isolates. 2% agarose gel at 70 volt for 2 hrs. 

Lane M: 100 bp DNA marker. Lane (1-17) Positive isolates.  Lane (2) isolates Negative. 

 

 

Figure 6: PCR amplification of the ToxA gene (397 bp) in P. aeruginosa isolates was conducted on 1.5% agarose at 

70 volts for 2 hours. Lane M: 100-base pair DNA marker. Lane 1-19: Positive isolates. 

 

The results of present study reported that most of P. aeruginosa isolates produce the T3SS exotoxins; ToxA  

41(97.60%), exoS 40 (95%), and exoU 39 (92.50%) (Figure 7). 
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Figure 7: Distribution of T3SS exotoxins of P. aeruginosa isolates 

Discussion 

This investigation was a hospital-based cross-sectional research designed to detect and isolate P. aeruginosa 

from various clinical specimens and to ascertain the presence of type III Secretion System (T3SS) genes (exoA ,exoU, 

and exoS) in isolated clinical isolates of P. aeruginosa. This research involved 120 patients from various units across 

many hospitals in Babylon. 

This study gathered 42 isolates of P. aeruginosa from 120 patients with wounds, burns, ear infections, urinary 

issues, and sputum samples. A significant proportion of P. aeruginosa isolates was incinerated. The research results 

indicate that 41 (97.60%) of the isolates had the ToxA virulence gene, 40 (95%) possessed exoS, and 39 (92.50%) 

possessed exoU. 

The virulence gene ToxA was more prevalent than exoU as well as exoS  in the isolates, corroborating a prior 

report which indicated that the exo genes in the P. aeruginosa isolates in this research. The results showed the exoU 

gene was present in 24.70% (n = 83/336) of the isolates, while the exoS gene was present in 69.94% (n = 235/336) of 

the isolates. Conversely, another investigation (13) indicated that the toxA gene was present in 83.3%, a finding 

corroborated by El-Gohary. A research conducted by (14) reported that 83 (19.6%) P. aeruginosa isolates were 

obtained from diverse clinical sources. Four (6.3%) exoU+ strains and one (1.6%) exoU+exoS+ multidrug-resistant 

strain were identified, including a total of 11 serotypes. The prevalence of toxA was 93.8%. 

The type three secretion system (T3SS), or injectisome, is a prominent virulence component of these bacteria 

and a significant contribution to acute infections. This investigation evaluated 22 clinical isolates of P. aeruginosa for 

the secretion of protein effectors via the T3SS (15). Recent researches have shown that among the identified genes, 

exoA (81.5%) was the most abundant, followed by T3SS, exoS (63.9%), and exoU (46.3%), which were less frequent 

(16). The current investigation revealed a higher prevalence of ExoS toxin compared to ExoU toxin. This aligns with 

the results of other investigations (17,18). This conclusion aligns with the results of the present investigation and 

contradicts another study that reported exoU genotypes were more prevalent than exoS genotypes in clinical P. 

aeruginosa isolates (19). Numerous studies indicate that ExoU is more deleterious than ExoS toxin, with ExoU 

associated with cytotoxicity, while ExoS is recognized for its role in modulating bacterial invasion. Furthermore, 

100% of the isolates had exoT, 88.46% included exoY, and 57.69% and 38.46% harbored exoU and exoS, 

respectively. 

The ToxA  gene was found in 120 (97.6%) of the isolates studied. However, the presence rate is higher than in 

a recent investigation carried out in Erbil, Iraq (90.56%) (21), and convenient with another study conducted in Egypt 

virulence genes toxA (86%), exoS (82%) and exoU (19%) of the 100 isolates (22). Also consistent with another study 

of (26) of the isolates tested positive for P. aeruginosa from AlTurkey Hospital and private clinics in Thi-Qar province 

that showed presence of 84.62% of ToxA gene (23). In addition, higher prevalences of toxA gene were reported by 
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(24) and 95.7% by (25). ToxA was present in 77% of wound isolates as well as 51% of burn isolates, but the exoS 

gene was found in 69% of wound isolates and 49% of burn isolates. According to (26), toxA exhibited a prevalence 

of 88.3%, whereas (27) reported a prevalence of 87.33%. 

This mechanism delivers exotoxins or proteins into the cytoplasm of the eukaryotic cell via a translocation 

needle-like machinery and porin-forming proteins. The toxins include exoenzyme S (exoS), which is encoded by the 

ExoS gene; exoS facilitates immune evasion by altering the cytoskeletal architecture. ExoU, released by the type III 

secretion system, is a cytotoxin that induces fast host cell death within 1 to 2 hours. This death is marked by the loss 

of cell membrane integrity, indicative of typical necrosis. ExoU exhibits phospholipase A2 activity and impedes 

phagocyte absorption. ExoU is believed to possess cytotoxicity that is 100 times greater than that of ExoS (28). 

Exotoxin A (ExoA) is a toxin released from the cell via the type II secretion system. ExoA is crucial to the 

pathogenicity of P. aeruginosa. Like diphtheria toxin, ExoA has been shown to inhibit the host response during 

infection. Furthermore, it has been asserted that ExoA substantially influences local tissue injury and invasion [29]. 

 

Conclusion 

P. aeruginosa is a formidable bacterium characterized by significant virulence characteristics and substantial 

antibiotic resistance, which may lead to refractory infections in burn victims within the healthcare community. The 

PCR test for T3SS genes indicated that the predominant genes were ToxA, ExoS, and ExoU. 

 

References 

1. Salih Almohaidi, Asmaa M., and Sana MH AL-Shimmary. "ACCURATE DETECTION OF 

PSEUDOMONS AERUGINOSA BY USING SPECIFIC GENES." Biochemical & Cellular Archives 19 

(2019). 

2. Kadum, Maha M., Mohammed F. AL-Marjani, and Munim Radwan Ali. "Colony Morphology and pelA, 

pslD and algD genes in Pseudomonas aeruginosa isolated from Baghdad Hospitals." (2019). 

3. del Barrio-Tofiño, Ester, Carla López-Causapé, and Antonio Oliver. "Pseudomonas aeruginosa epidemic 

high-risk clones and their association with horizontally-acquired β-lactamases: 2020 update." 

International journal of antimicrobial agents 56.6 (2020): 106196 

4. Derakhshan, Safoura, and Aslan Hosseinzadeh. "Resistant Pseudomonas aeruginosa carrying virulence 

genes in hospitalized patients with urinary tract infection from Sanandaj, west of Iran." Gene Reports 20 

(2020): 100675. 

5. Veesenmeyer, Jeffrey L., et al. "Pseudomonas aeruginosa virulence and therapy: evolving translational 

strategies." Critical care medicine 37.5 (2009): 1777-1786. 

6. Newman, John W., Rachel V. Floyd, and Joanne L. Fothergill. "The contribution of Pseudomonas 

aeruginosa virulence factors and host factors in the establishment of urinary tract infections." FEMS 

microbiology letters 364.15 (2017): fnx124. 

7. Chadha, Jatin, Kusum Harjai, and Sanjay Chhibber. "Revisiting the virulence hallmarks of Pseudomonas 

aeruginosa: a chronicle through the perspective of quorum sensing." Environmental microbiology 24.6 

(2022): 2630-2656. 

8. Khan, Mahjabeen, et al. "Antibiotic resistance characteristics of Pseudomonas aeruginosa isolated from 

keratitis in Australia and India." Antibiotics 9.9 (2020): 600. 

9. AL-Mayyahi, Anmar W., Ashwak B. AL-Hashimy, and Khalid R. AL-Awady. "Molecular detection of 

exoU and exoS among Pseudomonas aeruginosa isolates from Baghdad and Wasit, Iraq." Iraqi journal 

of biotechnology 17.1 (2018). 

10. Musso, Mary F., and Jonathan D. Crews. "Infections of the external ear." Infectious Diseases in Pediatric 

Otolaryngology: A Practical Guide. Cham: Springer International Publishing, 2016. 15-28. 



 

International Journal of Innovations in Scientific Engineering www.ijise.in 

 

(IJISE) 2026, Vol. No. 24, Jul-Dec  e-ISSN: 2454-6402, p-ISSN: 2454-812X 

 

 8 

 

INTERNATIONAL JOURNAL OF INNOVATIONS IN SCIENTIFIC ENGINEERING  

 

 

11. Shi, H., Trinh, Q., Xu, W., Zhai, B., Luo, Y., & Huang, K. (2012). A universal primer multiplex PCR 

method for typing of toxicogenic Pseudomonas aeruginosa. Applied Microbiology and Biotechnology, 

95(6), 1579–1587. 

12. Nolasco-Romero, C. G., et al. "The exoS, exoT, exoU and exoY Virulotypes of the Type 3 Secretion 

System in Multidrug Resistant Pseudomonas aeruginosa as a Death Risk Factor in Pediatric Patients. 

Pathogens. 2024 Nov 22; 13 (12): 1030." 

13. Sayed, Haitham H., et al. "Phenotypic and genotypic characterization of Pseudomonas aeruginosa 

associated with airsacculitis in broiler chickens." Journal of Advanced Veterinary Research 16.3 (2026): 

351-358. 

14. Olana, Matifan Dereje, Daniel Asrat, and Göte Swedberg. "Molecular characterization of serotype and 

virulence genes of Pseudomonas aeruginosa isolated from patients admitted at two hospitals in Addis 

Ababa, Ethiopia." Journal of Medical Microbiology 74.6 (2025): 002034. 

15. Diaz-Guerrero, Miguel, et al. "Curcumin inhibits type III secretion of Pseudomonas aeruginosa." PeerJ 

13 (2025): e19725. 

16. Dejman, Seideh Pardis, et al. "Prevalence of exotoxin and type III secretion system genes in multidrug-

resistant Pseudomonas aeruginosa isolates from patients with burn injuries in Southern Iran." BMC 

Infectious Diseases 25.1 (2025): 1348. 

17. Husam Auhim. ” Prevalence of exoU/exoS genotype among Pseudomonas aeruginosa isolated from burn 

wound infections”. Iraqi Journal Of Biotechnology  24.3(2026). 

18. Akter, Tanzina, et al. "Association between disinfectant resistance genes in exoU and exoS Pseudomonas 

aeruginosa with sensitivity to multipurpose disinfecting solutions and antibiotics." Contact Lens and 

Anterior Eye (2025): 102436. 

19. Azimi, Leila, et al. "Comparison of efflux pump involvement in antibiotic resistance among Pseudomonas 

aeruginosa isolates of burn and non-burn patients." Archives of Pediatric Infectious Diseases 4.4 (2016): 

e20302. 

20. Ullah, Rooh, et al. "Presence of T3SS (exoS, exoT, exoU and exoY), susceptibility pattern and MIC of 

MDR-Pseudomonas aeruginosa from burn wounds." The Journal of Infection in Developing Countries 

17.08 (2023): 1130-1137. 

21. Abd Khader, Khader, and Alaa Zanzal Raad. "Molecular detection of toxA and lasB virulence genes of 

Pseudomonas aeruginosa strains isolated from Diabetic Foot Ulcers in Erbil, Iraq." Journal of Applied 

and Natural Science 17.3 (2025): 1386. 

22. Ali, Salah AI, et al. "Phenotypic and molecular analysis of Pseudomonas aeruginosa virulence and 

association with antibiotic resistance in Egypt." The Journal of Infection in Developing Countries 19.05 

(2025): 712-722. 

23. BUTHAINA, H., and KHA AHMED. "GENETIC FEATURES OF PSEUDOMONAS AERUGINOSA 

ISOLATED FROM SKIN INFECTIONS." LABORATORY DIAGNOSTICS. EASTERN EUROPE 

Учредители: УП" Профессиональные издания", ООО «Вилин–Профессиональные издания» 14.1 

(2025): 52-62. 

24. Elmaraghy, Nermine, et al. "Virulence genes in Pseudomonas aeruginosa strains isolated at Suez Canal 

University Hospitals with respect to the site of infection and antimicrobial resistance." Int J Clin Microbiol 

Biochem Technol 2.1 (2019): 008-19. 

25. Shaebth, L. J. "Molecular identification and sequencing of Pseudomonas aeruginosa virulence genes 

among different isolates in Al-Diwaneyah hospital." (2018): 183-188. 

26. Alwaeli, Zainab A., Ahmed D. Jabbar, and Melad K. Mohammed. "MOLECULAR TYPING OF 

TOXIGENIC CLINICAL ISOLATES OF PSEUDOMONAS AERUGINOSA." Biochemical & Cellular 

Archives 21.1 (2021). 

27. Najafi, Khadijeh, et al. "Virulence genes and antibiotic resistance profile of Pseudomonas aeruginosa 

isolates in Northwest of Iran." J Pure Appl Microbiol 9 (2015): 383-9. 



 

International Journal of Innovations in Scientific Engineering www.ijise.in 

 

(IJISE) 2026, Vol. No. 24, Jul-Dec  e-ISSN: 2454-6402, p-ISSN: 2454-812X 

 

 9 

 

INTERNATIONAL JOURNAL OF INNOVATIONS IN SCIENTIFIC ENGINEERING  

 

 

28. Urgancı, Nida Nur, et al. "Pseudomonas aeruginosa and its pathogenicity." Turkish Journal of 

Agriculture-Food Science and Technology 10.4 (2022): 726-738. 

29. Rocha, Antônio José, et al. "Pseudomonas aeruginosa: virulence factors and antibiotic resistance genes." 

Brazilian Archives of Biology and Technology 62 (2019): e19180503. 


