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Abstract 

 Background: Pseudomonas aeruginosa is one of the most prevalent opportunistic human pathogens among Gram-

negative bacteria, it is linked to nosocomial infections such as burn and wound infections. The rise of carbapenem-

resistant P. aeruginosa (CRPA) is a major therapeutic challenge. The objective of the current study is to specify the 

frequency carbapenem resistant P. aeruginosa and the associated carbapenemase genes in P. aeruginosa isolated 

from wound infection. 

 

 Methods: During the study period, 300 swabs were collected from patients who had wound infections. P. aeruginosa 

were identified using standard bacteriological and biochemical methods. The Kirby-Bauer disk diffusion method was 

utilized to investigate the antibiotic susceptibility of using 17 antimicrobial drugs. Multi-druge resistance(MDR) and 

Extensive-druge resistance (XDR) were identified using international guideline. Extended-spectrum-beta-lactamase 

(ESBL) production were screened using ceftazidime, ceftriaxone, cefotaxime and aztreonam antibiotics by disk 

diffusion method. Carbapenem resistance isolates were characterized using imipenem and/or meropenem antibiotics 

resistance and the double disk diffusion test was used to confirm its production. PCR analysis was conducted to identify 

ESBL and carbapenem resistance genes (blaCTX-M, blaTEM, blaSHV, blaOXA, blaKPC, blaIMP, bla VIM, blaSIM, bla NDM, bla GIM, bla 

SPM, bla OXA-48).  

 

 Results: from 300 swabs specimen P. aeruginosa isolates were identified in 40 (13.3%) specimens. Antibiotic 

susceptibility test revealed 13(32.5%) isolates were carbapenem resistant P. aeruginosa, and the highest resistant was 

to β-lactam class and cephalosporin antibiotics. The results showed 17(42.5%) of isolates were MDR and 23(57.5%) 

were XDR. PCR assay revealed that blaCTX-M was found in 22(55%) and blaOXA was noticed in 27 (67.5%) of P. aeruginosa 
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isolates. Among 13 CRPA isolates, 1(7.6%) isolate had blaOXA-48,  2(15.3%) isolates had blaIMP, blaSIM and blaVIM for each, 

3(23%) carry blaGIM, and 4 (30.7%) had blaNDM. While blaSPM and blaKPC were not found in any isolate.   

 

Conclusion: wound infections showed high rate of XDR and CRPA driven by diverse carbapenem resistance genes, 

indicating dangerous public health concern  

 

Keywords: Pseudomonas aeruginosa, Carbapenem Resistant genes, ESBL 

 

Introduction 

Pseudomonas aeruginosa is an opportunistic pathogen 

that cause a wide range of endogenous and 

exodogenous infections. Endogenous infection, like 

pneumonia and bacteremia, often arise from 

colonization sites such as the gastrointestinal tract in 

neutropenic  patients or the endotracheal tube in 

intubated pateints, whereas, exogenous infections 

include urinary tract infection, burn wound infections, 

conjunctivitis, and keratitis. (1) P. aeruginosa is well-

known for its intrinsic resistance to many antibiotics 

classes and capacity to cause resistance even during a 

treatment course.(2) Resistance primarily arises from 

chromosomal mutations or horizontal acquisitions of 

resistance genes via mobile genetic elements like 

plasmid and integrons. Key mechanisms of this acquired 

resistance include overexpression of efflex pumps, 

reduced outer membrane permeability, and production 

of enzymes such as beta-lactamases and 

carbapenemases.(1) According to epidemiological 

research, infections brought on by P. aeruginosa 

resistant organisms raise morbidity, mortality. 

Carbapenem are broad spectrum beta-lactam antibiotics 

they are typically regarded as the final resort for 

antibiotic therapy, specifically for extended spectrum 

beta-lactamase (ESBL) producing microorganisms (3). 

Carbapenemases are a subclass of beta-lactamases like 

cephalosporins and other beta-lactam antibiotics, which 

can hydrolyze carbapenem antibiotics (4).There are three 

main classes of carbapenemase which are clinically 

isolated from  carbapenem resistant Enterobacteriaceae: 

Class A, which mainly has KPC (Klebsiella pneumoniae 

carbapenemase); Class B which has IMP (Imipenemase 

metallo-beta-lactamase), NDM (New Delhi Metallo-beta-

lactamase), and VIM (Verona integron-encoded-metallo-

beta-lactamase) and Class D that has OXA (Oxacillinase) 

and many of its variants like OXA-48, OXA-162 and 

OXA0181 (4; 5; 6). Gram-negative bacteria resistance to 

carbapenem is increasing and growing, particularly in 

nosocomial infections such as P. aeruginosa (3;7;8). 

Nosocomial isolates of P. aeruginosa may be resistant to 

most antibiotics, resulting in extensive drug resistant 

(XDR) strain multidrug resistant (MDR) (8; 9; 10).  

 

Carbapenem resistant bacteria can abundant because 

they frequently switch to MDR strain (3). P. aeruginosa 

can develop carbapenem resistant by a verity of ways (7; 

8; 11). The most crucial mechanism is the ability to create 

carbapenemase since the majority of carbapenemase 

genes might be present on transferable genetic elements 

and spread rapidly across bacteria. 

The past decade has seen carbapenem resistant 

Enterobacteriaceae become a significant in resistance 
(12), with reported prevalence considered to be extremely 

high distributed throughout the world (13; 14; 15). As well as 

having a high risk of rapid spread (16). The increase of 

Enterobacteriaceae capable of producing 

carbapenemase poses a risk to the progress made in 

modern medicine (17), and poses a threat to healthcare 

globally in terms of patient safety (18). This research 

purposed to specify the frequency of antimicrobial 

resistance patterns for carbapenem resistant and genes 

responsible for carbapenemase production in P. 

aeruginosa isolated from injured skin infection. 

 

Material and Methods 

This descriptive analytical study was carried out in Al-

Najaf provinces Al-Sader Medical city. Between July 2023 

and March 2024. Three hundred swab specimens from 

patients who clinically suspected having a wound 

infection. The specimens were sent a way to the 

microbiology lab. The P. aeruginosa isolates from wound 

swab had been determined by using standard 

biochemical tests and microbiological methods and 

confirmed by Vitek2 compact system. The disk agar 

diffusion method (Kirby-Bauer) was applied to evaluate 

the antibiotic susceptibility pattern of the isolates, based 

on the Clinical and Laboratory Standards Institute (CLSI) 

recommendations using the antibiotic disks listed in 
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Table (1). All susceptibility results were interpreted using 

the common values carried out CLSI 2023(19) 

To detected the production of ESBLs, all P. aeruginosa 

isolates were explored for susceptibility to cefotaxime, 

ceftazidime and ceftriaxone (30mg/disk) using disk 

diffusion sensitivity test. Potential ESBL producers were 

identified if the zone diameter for cefotaxime was ≤ 

26mm, ≤ 21 mm for ceftazidime, and ≤ 23 mm for 

ceftriaxone. The double disk diffusion test (DDT) was 

performed using a standard phenotypic detection of 

carbapenem resistance. In this research, the resistance 

to carbapenem has been characterized as resistance to 

at least one of the two carbapenem antibiotics tested: 

meropenem and imipenem, consistent to the CLSI 2023 

suggestions for improvement. Isolates exhibiting a zone 

of inhibition≤ 19 mm in diameter for meropenem and/or 

imipenem have been classified as carbapenem resistant.  

Screening of genes associated with antibiotic resistance  

The genomic DNA extraction carried out according to the 

instructions established by the manufacturing origin 

(Magen, China) A biophotometer plus (Nanodrop) was 

used to determine the yield and purity of a DNA sample. 

To prepare for PCR, the extracted DNA was frozen at -20 

ºC. The present study used monoplex PCR assay 

patterns. Use 12.5 μl PCR master mix, reverse primers 

(10μM) and 2 μl of forward, and 2 μl (10-250 ng) of 

extracted DNA. For obtaining the PCR 25 μl reaction 

mixture, 6.5 of deionize water, prepered  using the 

manufacturing (Promga) protocol kit. PCR conditions had 

been carried out in T3000 thermocycler (Biometra, USA).  

After a brief spinning to ensure proper mixing of the 

contentes,  all the carbapenem resistant  P. aeruginosa 

were screening for genes (blaOXA, blaCTX-M, blaTEM, blaSHV, 

blaKPC, blaIMP, blaVIM, blaSIM, blaNDM, blaGIM, blaSPM, blaOXA-

48) responsible for carbapenemase production,  the 

primer sequence and PCR conditions was described 

elsewhere reference (20-25). Amplicons have been 

evaluated using 1.5% agarose gel electrophoresis with 1X 

TBE buffer and stained with ethidium bromide. Microsoft 

Office Excel 2019 was used for certain calculations in the 

current study, and chi-square calculator was used for 

statistical analysis. Statistical significance was 

established for p-values below a significant threshold of 

0.05. 

 

Results 

Out of 300 wound specimens had been cultured, there 

238(79.3%) of wound swabs were found to have growth 

bacteria present, in compare, 62 (20.6%) had non 

growing bacteria. Out of 238 bacterial isolates, the 

Gram-negative bacterial growth frequency was 

174(73.1%), while the Gram-positive bacterial growth 

frequency was 64 (26.9%), with 40(22.9%) being 

identified as P. aeruginosa based up on standard 

biochemical tests and colonial characteristics of P. 

aeruginosa and confirmed by Vitek2 compact system 

(bioMérieux, France) test. 

Antimicrobial susceptibility for P. aeruginosa  isolates 

As indicated in the table 1, the 17 antibiotic disk 

resistance profile belong to 8 classes of antibiotics. The 

high resistance rate to cefotaxime (90%), cefixime (85%), 

ceftriaxone (82.5%), followed by cefepime, ciprofloxacin 

(77.5%), and followed by piperacillin (67.5%), 

Tobramycin(65%). While highest sensitivity of P. 

aeruginosa has been to Colistin and Amikacin (62.5%), 

imipenem (60%), meropenem (57%). According to the 

resistance profile, 17(42.5%) of isolates were conceded 

as MDR and 23(57.5%) XDR. 

 

Table1: Antibiotic susceptibility test of Pseudomonas aeruginosa isolated from wound infection (n= 40) 

 

Antibiotic class 

 

Antimicrobial agent No. (%) isolates exhibited 

Resistant Intermediate Sensitive 

Ampicillin Piperacillin 27(67.5) 6(15) 7(17.5) 

Beta-lactamase inhibitor Piperacillin-tazobactam 16 (40) 3(7.5) 21(52.5) 

Cephems Ceftazidime 15(37.5) 9(22.5) 16 (40) 

Ceftriaxone 33(82.5) 4(10) 3 (7.5) 

Cefotaxime 36(90) 2(5) 2 (5) 

Cefepime 31(77.5) 0(0) 9 (22.5) 

Cefixime 34(85) 1(2.5) 5 (12.5) 

Monobactams Aztreonam 25(62.5) 6(15( 9 (22.5%) 
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Carbapenem Imipenem 11(27.5) 4(10) 23 (57.5) 

Meropenem 13(32.5) 3(7.5) 24 (60) 

Aminoglycosides Amikacin 14(35) 1(2.5) 25(62.5) 

Gentamicin 16(40) 1(2.5) 23(57.5) 

Tobramycin 26(65) 3(7.5) 11 (27.5) 

Quinolones Ciprofloxacin 31(77.5) 4(10) 5 (12.5) 

Levofloxacin 18(45) 0(0) 22(55) 

Norfloxacin 20(50) 7(17.5) 13(32.5) 

Lipopeptides Colistin 15(37.5) 0(0) 25(62.5%) 

Screening for Extended Spectrum Beta-Lactamase production 

 

The existence of ESBLs was examined in every P. 

aeruginosa  isolates by using initial screening test, 100% 

displayed resistance to cephalosporins, the results 

showed that cefotaxime had an 90%, ceftriaxone 82.5%, 

aztreonam 62.5% and ceftazidime 37.5%. double disk 

diffusion test used confirmatory techniques on all 

isolates that showed antibiotic resistance to any the 

third generation cephalosporins and aztreonam 

examined. However, based on the double disk diffusion 

test, 9 isolate was found to be ESBL producer.  

Phenotypic evaluation of resistance to carbapenem 

In accordance to the CLSI (2023) standards, carbapenem 

resistance was defined in this study as resistance to 

meropenem, imipenem and at least one of the two 

carbapenem antibiotics tested. An isolate was 

considered carbapenem resistant if it was exhibited a 

zone of inhibition for imipenem and/or meropenem that 

was less than 19 mm in diameter. Overall, 40 isolates 

were screened in the current study with 13(32.5%) of P. 

aeruginosa were reported to resist to at least one of 

carbapenems by disk diffusion method. Further than the 

13 carbapenem reduce susceptibility isolates, 13 (32.5%) 

were resistant to meropenem and 11(27.5%) isolates 

have been resistant to imipenem. 

Detection of ESBLs genes 

The occurence of ESBL genes in all P. aeruginosa isolates 

were evaluated using conventual PCR. When P. 

aeruginosa isolates were resistant to all third generation 

cephalosporines and aztreonam were analyzed, the 

results revealed that the most common gene among 

isolates was blaOXA, which detected in 27(67.5%) of the 

isolates, then blaCTX-M which was found in 22(55%) of the 

isolates. No isolates had  blaSHV and blaTEM 

Molecular investigation and distribution of 

carbapenem genes 

All 13 carbapenem resistant P. aeruginosa isolates were 

investigated by PCR for the existence gene determinants 

encoding carbapenem genes (blaKPC, blaIMP, blaVIM, blaSIM, 

blaNDM, blaGIM, blaSPM, blaOXA-48). The results indicated that 

presence only 1(7.6%) P. aeruginosa isolate have the 

blaOXA-48 as well as,  2(15.3%) isolates have blaIMP, blaSIM 

and blaVIM, 3(23%) carry blaGIM, 4 (30.7%) have blaNDM as 

shown in figure (1). While blaSPM and blaKPC were not 

found in any isolate. The existence of combined genes 

among P. aeruginosa isolates two or more genes were 

recognized, three of carbapenem genes were present in 

4 isolates, and two of carbapenem genes were present in 

10 isolates 

 
Figuer1-A                            Figuer1-B 

 
Figuer1-C                         Figuer1-D 
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Figuer1-E                         Figuer1-F 

 
Figuer1-G                                    Figuer1-H

 

Figuer1: Polymerase chain reaction (PCR) amplicons 

obtained from the genomic DNA of Pseudomonas 

aeruginosa were analyzed using agarose gel 

electrophoresis. Panel (A) demonstrates amplification 

with blaSIM-specific primers; a molecular size ladder 

ranging from 100 to 1500 bp was employed, and positive 

bands at 570 bp were detected in lanes 1, 2, and 4. In 

panel (B), amplification was performed with blaOXA 

primers, producing a 564 bp fragment that was observed 

in lanes 1, 5, and 6, using the same size marker range. 

Panel (C) shows the results obtained with blaGIM 

primers, where products of 477 bp appeared in lanes 3, 

4, and 6. Amplification using blaNDM primers is  

 

 

presented in panel (D); fragments of 621 bp were visible 

in lanes 3 and 5, with a 100–1500 bp marker. Panel (E) 

corresponds to blaCTX-M amplification, producing a 554 

bp band in lanes 3, 4, and 6. For blaVIM primers, as 

illustrated in panel (F), lanes 2, 3, and 5 exhibited distinct 

390 bp amplicons, with a 50–500 bp molecular marker 

used for comparison. In panel (G), amplification with  

 

blaOXA-48 primers yielded a band of 744 bp exclusively 

in lane 4. Finally, panel (H) depicts blaIMP-specific 

amplification, where a 139 bp product was identified in 

lane 4 using the 50–500 bp ladder. 

 

 

blaKPC

0%

blaIMP

15.3%

blaVIM

15.3%

blaSIM

15.3%

blaNDM

30.7%

blaGIM

23%

blaSPM

7.6%

blaOXA-48

7.6%
bla-genes

blaKPC blaIMP blaVIM blaSIM blaNDM bla GIM bla SPM bla OXA-48

Figure 2: Dissemination of carbapenem genes in P. aeruginosa
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Discussion 

Pseudomonas aeruginosa is a widely spread community 

as well as in the hospital environments, which are 

currently among the most significant infections linked to 

healthcare in hospitals. P. aeruginosa has the potential 

to cause infections that are acquired in the community 
(26; 27; 28). In our analysis of 300 clinical specemens from 

pateints with wound infections, 238(79.3%) show 

positive bacterial growth, while 62(20.7%) showed 

negative culture. The negative growth could be due to 

the presence of anaerobic bacteria or other causative 

agents of infection (29). Among the 238 bacterial isolates, 

Gram-negative bacteria predominated, constituting 

174(73.1%) of the isolates, compared to 64(26.9%) were 

Gram-positive bacteria.  

This high proportion of Gram-negative isolates is 

consistant with findings from similar studies in Saudi 

Arabia that found 64.4% were Gram-negative and Gram-

positive bacteria was 35.6% (30). Additionally, research 

conducted in Egypt revealed that gram negative bacteria 

have been more common than gram positive bacteria (31).  

Li et al., 2021 found that the prevalence rate of Gram-

positive bacteria was 55.8% while the prevalence of 

Gram-negative was 42.9% (32).  The difference in the 

demographic features of participants may be connected 

to the diversity of outcomes. As well as hospitalization 

and the procedures performed after hospitalization are 

known to increase the risk of acquiring gram negative 

infection, the high concentrations of Gram-negative  

isolates in this study may be explained by the inclusion 

of only hospitalized clients (33).  

P. aeruginosa was significant contributor among Gram-

negative isolates accounting 40(22.8%) these finding 

were consistent with research conducted in India, where 

the ratio of P. aeruginosa was 21.8% (34). However, 

distinct to the present study, earlier study from Ahmed 

et al. 2023 in Egypt showed a high rate of P. aeruginosa 

40% (31). In other studies, low occurrence of P. aeruginosa 

isolated from wound specimens such as Iraq percentage 

15.5% (35), Ethiopia in 12.86% (36), Saudi Arabia 8.9% (30). 

The infection rate from P. aeruginosa in wound varies 

significantly by context, with a reported prevalence of 

16% in surgical infections and 12.8% in burn wounds (36).  

Antibiotics susceptibility testing revealed high resistance 

rate to cefotaxime, cefixime, ceftriaxone, cefepime, 

piperacillin, aztreonam, tobramycin and ciprofloxacin. 

Other isolates showed fewer resistance rate to amikacin, 

colistin, meropenem, imipenem, gentamicin, 

levofloxacin, and piperacillin-tazobactam. The 

proportion of P. aeruginosa isolates that are resistant to 

antipseudomonal medications such as carbapenems, has 

been increasing to about 40% (37; 38). One of the principal 

obstacles in the management of multidrug-resistant 

(Pseudomonas aeruginosa) infections is the emergence 

of resistance to antipseudomonal β-lactams, including 

piperacillin, ceftazidime, cefepime, aztreonam, and the 

carbapenem group. This problem becomes particularly 

critical when resistance to these agents occurs 

concurrently with diminished susceptibility to additional 

antibiotic classes, most notably aminoglycosides and 

fluoroquinolones (37).  

Our finding in resistance pattern show both 

consistencies and divergences with other studies. They 

align with results of study conducted in India(34) by shows 

high sensitive to colistin, imipenem and high resistance 

was shown by to gentamicin, ceftazidime and 

meropenem. While study done by Peshattiwar shows a 

resistance pattern against piperacillin 41%, ciprofloxacin 

46%, amikacin 36%, and gentamicin 38%. However, 

study in Iraq conducted by Mahmood and Hussein (2022) 
(35) detected that resistance rate to gentamicin 83.8%, 

amikacin 54%, tobramycin and ceftazidime 25% , 

Imipenem and levofloaxicillin 22.5%, ciprofolxacillin , 

aztreonam 16%, cefoxitin ,ceftriaxone and pipracillin 

6.4%.  Acquired beta-lactam resistance in P. aeruginosa 

can be caused by a number of processes, such as 

decreased outer membrane permeability, up regulation 

of efflux systems and beta-lactamase production (37). 

MBLs and acquired ESBL are the main developing 

resistance in the terms of beta-lactamase synthesis P. 

aeruginosa mechanisms. When exposed to excessive 

and incorrected antibiotics use, genes coding for beta-

lactamase enzymes undergoes constant mutations, 

giving rise to novel beta-lactamase with a wide range of 

activity (38; 39). 

Molecular screening of cephalosporin-resistance isolates 

for ESBL genes (blaOXA, blaCTX-M, blaSHV, blaTEM) 

revealed high frequency of  blaOXA 67.5 %, blaCTX-M 55%, 

respectively, while blaSHV and blaTEM were not detected in 

any isolates. These data are relatively lower than other 

numerous studies in India performed by Hashemi et al. 

(2020) (40), Brazil and South Africa (41; 42), Al-Agamy in 2016 

from Saudi Arabia (43).  Additionally, present study was 

parallel to the work of Al-dawodeyah in 2018 from 

Jordan which observed that the rates of blaCTX-M 68.9%, 

blaTEM 18.9%, bla SHV 12.5% (44). Numerous factors, 
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including the quantity and origin of bacterial isolates as 

well as different geographic locations, may contribute to 

the discrepancies between these molecular results and 

the prevalence of resistance genes and the findings from 

other studies (45). 

In present study eight carbapenemase genes (blaKPC, 

blaIMP, blaVIM, blaSIM, blaNDM, blaGIM, blaSPM, and blaOXA-48) 

were identified, the result showed that the frequency of 

carbapenem genes among carbapenem resistant P. 

aeruginosa were 7.6% have blaOXA-48 as well as  15.3% 

isolates have (blaIMP, blaSIM and  blaVIM), 23% carry blaGIM, 

30.7% have blaNDM. While blaSPM and blaKPC were not 

found in any isolate. The result was lower than the study 

in China conducted by Wang and Wang (2020) (46), who 

found the prevalence of bla NDM 9.4% and blaSIM 6% 

among P. aeruginosa. As well as study in Iran by 

Ghasemian et al 2018   aimed to detected the prevalence 

of MBL producing P. aeruginosa conducted that the 

blaVIM and blaIMP were prevalence 12.9% and 12.5%  

respectively and no isolates harboring blaNDM and blaSPM 
(47). However, previous study carried out in Egypt, among 

22 carbapenemas-resistance P. aeruginosa wound 

infection isolates collected 27% harbored the bla NDM-1 

gene, 13.6% carried the bla OXA-48, and none of the 

isolates harbored the bla KPC (48). Further, an article 

published in Saudi Arabia identified a high rate of 

carbapenem resistance gene among carbapenemase 

resistance P. aeruginosa: bla NDM-1 15.6% , bla OXA-48 

46.8%, blaNDM 37.5% while blaKPC was detected io one 

isolates (49).  It is uncommon to find OAX-type 

carbapenemases in P. aeruginosa carbapenem resistant 

OXA-48 positive P. aeruginosa. There have been recent 

reports of in Iran, Turkey, India, Sudan, and Egypt (50, 51; 52; 

53). We propose that P. aeruginosa gained the 

carbapenem resistance gene mobile genetic elements 

from other microbes such as A. baumannii and 

Enterobacteriaceae growing in burn units with  

 

Conclusions 

Most injured skin infections are caused by Gram-

negative bacteria that show a high frequency of 

antibiotic-resistant patterns and the presence of ESBL 

and carbapenem resistance genes among P. aeruginosa 

isolate andinadequate infection control practices.   

Ethics Statement 

The samples and patient's history information were 

taken after get permission to be used in this study. All 
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