



Multidrug-Resistant Pseudomonas aeruginosa Isolated from a Burn Wound Infection: Phenotypic Characterization and Antimicrobial Susceptibility Profile
Abstract
Pseudomonas aeruginosa is an extremely dangerous opportunistic pathogen that causes severe wound infections especially in medical practice because of its large repertoire of virulence factors and its high ability to resist antimicrobial agents. This research proposed to 5 isolates from 25 samples was collected, identify, and characterize the antimicrobial resistance profile of a P. aeruginosa isolates obtained after a burn wound sample. Preliminary identification was done by standard microbiological procedures such as culture on selective media (cetrimide agar), Gram staining, and oxidase test. The definitive identification was done using the VITEK 2 compact system, which uses both automated antimicrobial susceptibility testing (AST) and definitive identification using the manual Kirby–Bauer disk diffusion system. The isolate exhibited (XDR) Aand multidrug- resistant (MDR) phenotype, demonstrating resistance to a broad range of antibiotic classes: aminoglycosides (amikacin, gentamicin), cephalosporins (ceftazidime), fluoroquinolones (ciprofloxacin, ofloxacin, norfloxacin), and the last-resort agent colistin. It was only vulnerable to levofloxacin and imipenem. The clash of resistance to first-line and last-resort antibiotics, particularly in a patient group at high risk such as the critically ill burn patients, brings out a critical therapeutic challenge. The implications of these findings are the alarming presence of MDR P. aeruginosa in clinical settings and the invaluable role of routine AST in informing effective therapy. The paper results in the conclusion that there is an urgent need to ensure the strictness of antimicrobial stewardship, the effectiveness of infection control practices, and ongoing surveillance to reduce the transmission of these high-risk pathogens. Future studies are necessary to characterize the mechanisms of resistance on a molecular level, in order to make targeted interventions and management of outbreaks.
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Introduction
Pseudomonas aeruginosa wound contamination is a rigorous and noteworthy complication in clinical medicine, especially in healthcare-associated infections, chronic wound infection (including diabetic foot ulcers and pressure injuries), and traumatic or aquatic wounds(1). P. aeruginosa is an opportunistic and ubiquitous, Gram-negative, opportunistic pathogen with a remarkable resistance to environments, intrinsic resistance to many commonly used antibiotics, which enables it to flourish in hospital environments on damp surfaces and equipment. Its wound pathogenesis is complex, first occurring via cellular attachment to damaged tissue, which can be mediated by pili and flagella, and then by formation of a robust and protective biofilm, a complex extracellular polymeric matrix that is a key virulence factor because it shields the bacterial community against host immune defense (e.g. phagocytosis) and reduces the effectiveness of the antimicrobial agent by a hundred-thousand-fold margin. In addition to biofilm formation, P. aeruginosa employs a repertoire of destructive exoproducts, the notable ones being proteases (e.g., elastase, alkaline protease), exotoxins (ExoU, ExoS), and pigments (such as pyocyanin), all of which cause tissue necrosis directly, local immune cell activities, and wound healing mechanisms through destruction of epithelial cells and degradation of key components of the matrix(2).
A typical blue-green-stained exudate, characteristic fruity or grape-like odor caused by microbial metabolites, and propensity of the Pseudomonas-infected wound to spread systemically leading to bacteremia and sepsis are the clinical features commonly found in a Pseudomonas-contaminated wound. The organism is well known to exhibit adaptive resistance to management, which is manifested by efflux pump upregulation, enzymatic inactivation of antibiotics (e.g., extended-spectrum β-lactamases), and the phenotypic tolerance induced by biofilm which frequently requires aggressive and combination therapy, guided by susceptibility tests(3). The problem of multidrug and extensively drug resistant (MDR and XDR) strains increasing in occurrence supports the need to provide novel curative options, including biofilm disrupting agents, bacteriophage therapy, and antimicrobial-impregnated advanced wound dressings, to prevent extended morbidity, loss of limbs, and mortality due to these recalcitrant infections(4).
P. aeruginosa colonization and infection of burn wounds is especially likely because of the loss of the protective skin barrier, the availability of devitalized tissue, which provides a nutrient-rich environment, and systemic immunoparalysis that follows significant thermal injury. P. aeruginosa has been one of the major causes of nosocomial infections in burn units across the world with high rates of graft failure, sepsis, and mortality. The development of strains which are resistant to many different classes of antibiotics, such as carbapenems and colistin, has significantly limited their therapeutic use and turned a once-treatable infection into a possible medical emergency. Here, local isolate characterization and their resistance pattern is necessary in directing empirical therapy, implementing effective infection control tools as well as monitoring the spread of high risk clones(5).

Such a piece of research describes the isolation and definitive identification of an MDR P. aeruginosa isolate obtained in a burn wound of a tertiary care unit. The isolate was unusually resistant and showed that the isolate was resistant to colistin, a last-resort antibiotic in addition to remaining susceptible to levofloxacin and imipenem. The aims of this work were to (i) use a combination of standard and automated microbiological tests to identify the species accurately, (ii) identify the entire susceptibility profile either by automated (VITEK 2 ) or by manual (Kirby Bauer) tests, and (iii) comment on the clinical and epidemiological implications of this resistance profile in the circumstances of working with burn patients(6).
This article  aims to describe a clinically significant antimicrobial resistance phenotype in a single isolate of Pseudomonas Aeruginosa. The findings are exploratory and intended to inform and guide future large-scale studies on emerging resistance patterns.  


Materials and Methods
2.1 Study Setting and Sample Collection
This study was conducted at the Microbiology Laboratory of the Central Teaching Hospital, Al-Najaf, Iraq, in October 2023. A 25 burns wound swabs were collected from a 25 male patients admitted to the burn intensive care unit with third-degree burns covering approximately 40% of total body surface area. The patient developed signs of local infection (purulent discharge, erythema, and foul odor) on the tenth day post-admission(7). Prior to sampling, the wound was cleansed with sterile normal saline and superficial necrotic tissue was debrided. A sterile swab was rotated over the viable wound margin and immediately placed into Amies transport medium with charcoal. The specimen was transported to the laboratory within 30 minutes and processed without delay(8).
2.2 Primary Culture and Isolation
The swabs was inoculated onto the following culture media: blood agar (BA) (Oxoid, UK), MacConkey agar (MAC) (Oxoid), and cetrimide agar (CA) (HiMedia, India). All plates were streaked for isolation of single colonies using a four-quadrant technique and incubated aerobically at 37°C for 18–24 hours. Plates were examined for colony morphology, pigmentation, hemolysis, and odor. Growth on cetrimide agar, a selective medium for P. aeruginosa, was considered presumptive evidence of the organism. Fluorescence under ultraviolet (UV) light at 365 nm was also recorded(9).
2.3 Phenotypic Identification
Gram staining: A single colony was smeared on a clean slide, heat-fixed and stained with crystal violet, iodine, alcohol-acetone decolorizer and safranin. Microscopic observation was performed” instead of The microscopic observation was done under the oil immersion (100x) at Leica DM500 microscope(10).

Oxidase test: The small amount of a colony was smeared on a filter piece, impregnated with 1 percent tetramethyl-p-phenylenediamine dihydrochloride (Oxoid). A positive was noted when a dark purple color was developed in 10 s.

Catalase test: A drop of 3 percent hydrogen peroxide was added to a colony and mixed with the culture in a glass slide. Instant effervescence was a positive result.

Motility test: The test was performed by hanging drop and also by stabbing in semi-solid motility medium (Motility Indole Lysine medium, Oxoid) inoculated at 37 o C in 24 h (11).

Pigment production: Synthesis of the blue-green pigment pyocyanin and those of the yellow-green fluorescent pigment pyoverdine on cetrimide agar and the media King’s A and King’s B were prepared in-house using standard formulations. The plates were incubated under 37C over 48h and analyzed on the basis of diffusible pigmentation. To ascertain the presence of pyocyanin, chloroform extraction was assessed.(12)
Other biochemical tests: The isolate was also characterized using the following conventional tests: citrate utilization (Simmons citrate agar), nitrate reduction, arginine dihydrolase, 42°C growth in nutrient agar.
2.4 Automated Identification and Antimicrobial Susceptibility Testing (VITEK® 2)
Definitive species identification and determination of minimum inhibitory concentrations (MICs) determination were performed using the VITEK® 2 compact system (bioMérieux, France) following the manufacturer’s instructions.
Inoculum preparation: Three to five well-isolated colonies of identical morphology from an 18 h pure culture on blood agar Data were analyzed to a sterile polystyrene tube containing 3 mL of 0.45% sterile saline. The turbidity was adjusted to 0.50–0.63 McFarland using a DensiChek™ Plus turbidity meter (bioMérieux)(13).
Identification card: The suspension was placed in the VITEK® 2 cassette and a GN ID card (for Gram-negative bacilli) was automatically inoculated via the integrated vacuum filling chamber. The card was sealed, transferred to the reader-incubator module, and incubated at 35°C. Fluorescence-based kinetic readings were taken every 15 min. Results were analyzed using VITEK® 2 software version 8.01, which compares biochemical profiles to a comprehensive database and provides a probability percentage along with species-level identification.
AST card: For susceptibility testing, a separate suspension was prepared as described above and adjusted to 0.5 McFarland. An AST-N334 card (specifically designed for non-fastidious Gram-negative rods) was inoculated and loaded. The card contains serial twofold dilutions of multiple antibiotics covering all relevant antipseudomonal agents. Minimum inhibitory concentrations (MICs). were interpreted according to the 2023 CLSI breakpoints (M100, 33rd ed.) and reported as Susceptible (S), Intermediate (I), or Resistant (R)(14).
2.5 Manual Antimicrobial Susceptibility Testing (Kirby–Bauer Disk Diffusion)
The disk diffusion test was performed according to CLSI guidelines to verify the VITEK 2 AST results as well as to get the zone diameters to aid in visual documentation.

Medium: The preparation of Mueller-Hinton agar (MHA) (Oxoid) plates was made by ensuring that the depth was uniform (4 mm) and stored at 4°C until use. Before inoculation plates were allowed to reach room temperature and they were moistened(14).

Inoculum preparation A bacterial suspension equivalent to 0.5 McFarland standard was prepared in sterile saline as above. After 15 min of adaptation, a sterile cotton swab was dip-streaked into the suspension against the tube wall so that the excess fluid was removed, then streaked across the entire surface of Mueller-Hinton agar (MHA) plate in three directions to produce a confluent lawn.

disk application: The antibiotics disks (Oxoid) which were used were as follows: piperacillin-tazobactam (100/10 µg), ceftazidime (30 µg), cefepime (30 µg), imipenem (10 µg), meropenem (10 µg), amikacin (30 µg), gentamicin (10 µg), tobramycin (10 µg), ciprofloxacin(5 µg) ( The disks were spaced at least 24 mm center-to-center, and at least 15 mm away from the plate edge(15).

Incubation and measurement Inverted plates were incubated at 35 0 C 16 18 h. diameter of each zone of inhibition, including the disk (including the disk) was also measured to the nearest millimeter on the under surface of the plate under reflected light with a calibrated ruler. Interpretation of results was done using 2023 CLSI breakpoint tables (M100, 33rd ed.) and conducted a comparison with the VITEK 2 MIC interpretations.
2.6 Phenotypic Detection of Biofilm Formation
The biofilm-forming ability of the isolate was assessed using the quantitative crystal violet microtiter plate method described by O’Toole (2011) with minor modifications. Briefly, an overnight culture in tryptic soy broth (TSB) was diluted 1:100 in fresh TSB supplemented with 1% glucose. Aliquots of 200 µL were dispensed into triplicate wells of a sterile 96-well flat-bottom polystyrene microplate. Negative control wells contained sterile TSB alone. After incubation at 37°C for 24 h without shaking, plates were washed three times with phosphate-buffered saline (PBS, pH 7.2), air-dried, and stained with 200 µL of 0.1% (w/v) crystal violet for 15 min. Excess stain was removed by rinsing under running tap water. After drying, the bound dye was solubilized with 200 µL of 33% glacial acetic acid, and absorbance was measured at 570 nm using a microplate reader (BioTek ELx800). The optical density cut-off (ODc) was defined as the mean OD of negative controls plus three standard deviations. Isolates were classified as non-biofilm producers (OD ≤ ODc), weak biofilm producers (ODc < OD ≤ 2×ODc), moderate biofilm producers (2×ODc < OD ≤ 4×ODc), or strong biofilm producers (OD > 4×ODc)(16).
2.7 Detection of Carbapenemase Production (Modified Carbapenem Inactivation Method, mCIM)
To investigate the mechanism of carbapenem susceptibility (imipenem remained susceptible, but meropenem was not tested by VITEK® 2), the modified carbapenem inactivation method (mCIM) was performed according to CLSI guidelines. A 10 µL loopful of the test isolate from an overnight blood agar plate was emulsified in 2 mL of tryptic soy broth. A meropenem disk (10 µg) was immersed in the suspension and incubated at 35°C for 4 h. Immediately prior to completion of incubation, a 0.5 McFarland suspension of Escherichia coli ATCC 25922 was prepared and lawned onto an MHA plate. The meropenem disk was removed from the bacterial suspension using a 10 µL loop, placed onto the inoculated MHA plate, and incubated at 35°C for 18–24 h(16). A zone diameter of 6–15 mm or the presence of pinpoint colonies within a 16–18 mm zone was interpreted as positive (carbapenemase produced); a zone ≥19 mm was interpreted as negative. P. aeruginosa ATCC 27853 was used as a negative control and Klebsiella pneumoniae ATCC BAA-1705 as a positive control.
2.8 Quality Control
All culture media were subjected to sterility and growth promotion testing. Reference strains P. aeruginosa ATCC 27853, E. coli ATCC 25922, and S. aureus ATCC 25923 were used as quality controls for biochemical tests, VITEK® 2 identification, and antimicrobial susceptibility testing (AST). For disk diffusion, control strains were tested on each day of testing, and zone diameters were verified to fall within the CLSI-specified acceptable range.
2.9 Data Analysis
Descriptive analysis was performed. Minimum inhibitory concentration (MIC) values and zone diameters were recorded and interpreted according to standard breakpoints. Biofilm formation was expressed as mean Standardize unit phrasing: OD₅₇₀ standard deviation (SD). All experiments were performed in triplicate.


Results
3.1 Culture and Colony Morphology
After 24 h of aerobic incubation at 37°C, the burn wound swabs yielded abundant growth on 5 inoculated media. On blood agar, colonies were large (2–4 mm in diameter), flat, spreading, with a metallic sheen, irregular edges, and a distinct β-hemolytic zone. A characteristic fruity, grape-like odor was also noted. On MacConkey agar, the isolate produced non-lactose-fermenting (colorless), translucent colonies. On cetrimide agar, growth was confluent, with the production of a bluish-green diffusible pigment (pyocyanin) that was more intense after 48 h. Under UV light (365 nm), the colonies exhibited bright yellow-green fluorescence, indicative of pyoverdine production.
3.2 Phenotypic Identification
The Gram staining showed Gram-negative, straight or slightly curved rods, either individually or in pairs. The isolates was oxidase-positive (immediate purple color), catalase-positive (vigorous bubbling), and motile using both hanging drop and semi-solid agar (diffuse growth not centered around stab line). It thrived well at 42°C, used citrate as the only source of carbon (Simmons citrate agar turned blue), converted nitrate into nitrite and hydrolyzed arginine. The pigment formation was absolute: the extraction of cetrimide agar cultures in chloroform showed the result of a blue colour in the organic layer, which is a test of pyocyanin. King B medium was used; pyoverdine was hypothesized by the fact that it exhibited yellow-green fluorescence under UV. These were the phenotypic features that made the organism to be Pseudomonas aeruginosa unquestionably.
3.3 Automated Identification (VITEK® 2)
The VITEK® 2 GN ID card provided species-level identification with 99% probability and an excellent confidence level. The biochemical profile (profile number: 0547213051) was consistent with was consistent with that of typical Pseudomonas aeruginosa strains. No atypical reactions were observed.
3.4 Antimicrobial Susceptibility Profile
VITEK® 2 AST: The MIC values and their categorical interpretations are presented in Table 1. The isolate exhibited high-level resistance to amikacin (MIC ≥64 µg/mL), gentamicin (MIC ≥16 µg/mL), ceftazidime (MIC ≥32 µg/mL), ciprofloxacin (MIC ≥4 µg/mL), ofloxacin (MIC ≥8 µg/mL), norfloxacin (MIC ≥16 µg/mL), and, colistin (MIC ≥8 µg/mL). Susceptibility was observed only for levofloxacin (MIC = 1 µg/mL, S) and imipenem (MIC = 2 µg/mL, S). The system did not report results for meropenem, piperacillin-tazobactam, or aztreonam on the AST-N334 card used; These antibiotics were tested manually.(17).
Manual Antimicrobial Susceptibility Testing (Disk Diffusion).: 

Manual susceptibility testing was performed to supplement and verify the VITEK® 2 results.were hypothesized and supplemented. Table 2 shows the zone diameters, and Figure 1 has representative plate photographs. The isolate was resistant to piperacillin-tazobactam (zone: 13 mm), aztreonam (zone: 12 mm), and meropenem (zone: 14 mm), antibiotics not included in the VITEK® 2 AST panel. Categorical interpretations between automated MICs and disk diffusion were in complete agreement in all overlapping antibiotics. It is interesting to Notably, the isolate displayed a discordant carbapenem susceptibility profile. (imipenem-meropenem resistance).
Table 1. Minimum Inhibitory Concentrations (MICs) and Interpretations for P. aeruginosa Isolate Using VITEK® 2 AST-N334 Card
	Antibiotic Class
	Antibiotic
	MIC (µg/mL)
	Interpretation*

	Aminoglycosides
	Amikacin
	≥64
	R

	
	Gentamicin
	≥16
	R

	Cephalosporins
	Ceftazidime
	≥32
	R

	Fluoroquinolones
	Ciprofloxacin
	≥4
	R

	
	Levofloxacin
	1
	S

	
	Ofloxacin
	≥8
	R

	
	Norfloxacin
	≥16
	R

	Polymyxins
	Colistin
	≥8
	R

	Carbapenems
	Imipenem
	2
	S


CLSI M100 (2023) breakpoints. R = resistant; S = susceptible.
Table 2. Zone Diameters and Interpretations by Kirby–Bauer Disk Diffusion Method
	Antibiotic
	Disk Content
	Zone Diameter (mm)
	Interpretation*

	Amikacin
	30 µg
	10
	R

	Gentamicin
	10 µg
	8
	R

	Tobramycin
	10 µg
	11
	R

	Ceftazidime
	30 µg
	12
	R

	Cefepime
	30 µg
	14
	R

	Piperacillin-Tazobactam
	100/10 µg
	13
	R

	Aztreonam
	30 µg
	12
	R

	Imipenem
	10 µg
	23
	S

	Meropenem
	10 µg
	14
	R

	Ciprofloxacin
	5 µg
	6 (no zone)
	R

	Levofloxacin
	5 µg
	21
	S

	Ofloxacin
	5 µg
	11
	R

	Norfloxacin
	10 µg
	8
	R

	Colistin
	10 µg
	7 (no zone)
	R


CLSI M100 (2023) breakpoints. R = resistant; S = susceptible.
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Figure 1. Representative Mueller–Hinton agar plates showing inhibition zones for selected antibiotics. (A) Imipenem (23 mm, susceptible); (B) levofloxacin (21 mm, susceptible); (C) colistin (no zone, resistant); (D) meropenem (14 mm, resistant).
3.5 Biofilm Formation

The isolate was a strong biofilm producer as determined by the crystal violet assay. The mean OD570 was 2.84 ± 0.21, which was >4 times the ODc (ODc = 0.18). Upon visual inspection of stained microplate wells revealed a thick, dense biofilm layer adhering to the entire well bottom, in contrast to negative control wells that remained clear.
3.6 Carbapenemase Detection (mCIM)
The adapted carbapenem inactivation method resulted in a meropenem inhibition zone of 22 mm, indicating a negative result for carbapenemase production. The positive control (K. pneumoniae ATCC BAA-1705) and the negative control (P. aeruginosa ATCC 27853) showed zones of 10 mm and 28 mm, respectively. These findings suggest that the observed meropenem resistance, along with retained imipenem susceptibility, is likely not due to classical carbapenemases (e.g., KPC, NDM, VIM, IMP). Instead, it may be mediated by alternative mechanisms, such as porin loss (OprD) combined with overexpression of efflux pumps (MexAB-OprM, MexXY).


Discussion
This study provides a descriptive phenotypic characterization of a clinically significant multidrug-resistant (MDR) isolate of Pseudomonas aeruginosa obtained from a burn wound. The most notable observation was resistance to colistin, a last-line polymyxin antibiotic, as well as resistance to several first-line antipseudomonal agents, including aminoglycosides, third-generation cephalosporins, and most fluoroquinolones. The isolate remained susceptible only to imipenem and levofloxacin. Genotypic analysis further suggested resistance to meropenem, piperacillin-tazobactam, and aztreonam, classifying the isolate as MDR (resistant to one or more drugs in three or more antimicrobial categories) and approaching the criteria for extensively drug-resistant (XDR) status.(18).
4.1 Resistance to Aminoglycosides and Cephalosporins
Aminoglycoside-modifying enzymes (AMEs), including acetyltransferases (AAC), nucleotidyltransferases (ANT), and phosphotransferases (APH), are commonly implicated in mediating resistance to amikacin and gentamicin in Pseudomonas aeruginosa. A minimum inhibitory concentration (MIC) above 64 µg/mL for amikacin may indicate the presence of AAC(6')-I, an amikacin-modifying enzyme, or 16S rRNA methylases (e.g., RmtA, RmtB, ArmA), which confer pan-aminoglycoside resistance. Similarly, deregulated chromosomal AmpC β-lactamase, acquisition of plasmid-mediated extended-spectrum β-lactamases (ESBLs; e.g., PER, VEB, GES), or overexpression of efflux pumps may lead to resistance to ceftazidime. Given the concurrent resistance to piperacillin-tazobactam and aztreonam, AmpC hyperproduction or ESBL production is likely. Unfortunately, no standardized phenotypic confirmatory tests for ESBLs in P. aeruginosa exist, and molecular analyses are required for definitive identification.
4.2 Fluoroquinolone Resistance and Differential Susceptibility
One of the most interesting observations was the susceptibility of the isolate to levofloxacin, despite resistance to ciprofloxacin, ofloxacin, and norfloxacin. Fluoroquinolones target DNA gyrase (GyrA/GyrB) and topoisomerase IV (ParC/ParE). Resistance in Pseudomonas aeruginosa is typically due to mutations in gyrA (most commonly Thr83Ile) or parC within the quinolone resistance-determining regions (QRDR), often enhanced by overexpression of efflux pumps (MexCD-OprJ, MexEF-OprN, MexXY). The discordant pattern observed may be explained by structural differences among fluoroquinolones: levofloxacin, the L-isomer of ofloxacin, possesses a different side chain that may be less affected by certain mutations or efflux pumps. Alternatively, the isolate could harbor a gyrA mutation that selectively influences MICs. This finding emphasizes an important clinical principle: susceptibility to a single fluoroquinolone does not necessarily predict susceptibility to all agents in the class, and each drug should be tested individually—an approach not consistently applied in many routine laboratories.

4.3 Carbapenem Susceptibility Discordance: Imipenem-Susceptible, Meropenem-Resistant
The isolate exhibited an unusual carbapenem phenotype, with an imipenem MIC of 2 µg/mL (susceptible) and a meropenem disk zone of 14 mm (resistant). Pseudomonas aeruginosa can develop carbapenem resistance through several mechanisms: (i) downregulation of the porin OprD, which mediates imipenem uptake, (ii) overexpression of efflux pumps (MexAB-OprM, with meropenem being more efficiently exported than imipenem), (iii) carbapenem-hydrolyzing enzymes (metallo-β-lactamases and serine carbapenemases), or (iv) a combination of these mechanisms. The negative mCIM result argues against the presence of acquired carbapenemases (e.g., IMP, VIM, NDM, KPC). Therefore, the observed phenotype is most likely caused by OprD deficiency combined with overexpression of MexAB-OprM or MexXY. Loss of OprD strongly affects imipenem susceptibility, while MexAB-OprM preferentially exports meropenem, producing the observed discordant pattern.
This finding has direct therapeutic implications: although the isolate is susceptible to imipenem in vitro, monotherapy could be risky due to efflux pump upregulation, potentially leading to treatment failure in vivo. Moreover, exposure to imipenem may rapidly select for further OprD mutations, promoting resistance development.
4.4 Colistin Resistance: A Clinical and Public Health Emergency
Perhaps the most concerning finding is colistin resistance, with an MIC ≥8 µg/mL and no inhibition zone by disk diffusion. Colistin, a polymyxin antibiotic, exerts its effect by disrupting the Gram-negative outer membrane through binding to lipid A. It is considered a last-resort treatment for infections caused by multidrug-resistant Pseudomonas aeruginosa, Acinetobacter, and Klebsiella species. Resistance is most commonly mediated by mutations in two-component regulatory systems (e.g., PhoPQ, PmrAB, ParRS), which modify lipid A—either by adding phosphoethanolamine or 4-amino-4-deoxy-L-arabinose—thereby reducing colistin binding. Plasmid-mediated colistin resistance (mcr-1 to mcr-10) is rare in P. aeruginosa but has been reported. The emergence of colistin-resistant P. aeruginosa in a burn unit is particularly alarming, as it removes the last universally effective treatment option. Therapeutic choices for such infections are extremely limited, with combination therapy using agents such as ceftolozane-tazobactam, ceftazidime-avibactam, or cefiderocol (not available in this study) being possible but not guaranteed in terms of both availability and susceptibility.

4.5 Biofilm-Forming Capacity
The high biofilm-forming capacity of this isolate aligns with the natural propensity of Pseudomonas aeruginosa to persist in chronic and burn wound infections. Biofilm production is a key virulence factor, providing protection against antibiotics and host immune responses, facilitating persistence, and serving as a reservoir for recurrent infections. The combination of multidrug resistance and robust biofilm formation in this isolate represents a strong predictor of difficult-to-clear infections, necessitating intensive surgical debridement, biofilm-disruptive strategies (e.g., lactoferrin, dispersin B, or nanoparticle-based dressings), and prolonged combination antimicrobial therapy.

4.6 Comparison with Other Studies
The antimicrobial resistance pattern observed in this isolate aligns with global trends, reflecting the escalating resistance of Pseudomonas aeruginosa in burn units. In multicenter studies, colistin resistance among P. aeruginosa isolates was reported at 4.5% in Iran (Shahcheraghi et al., 2021) and over 10% in some centers in India (Kumari et al., 2019). In Iraq, colistin resistance has remained relatively low (<5%), despite previous reports of multidrug resistance rates of 60–70% among burn wound isolates. The identification of a single colistin-resistant isolate in this study may represent an early warning of emerging resistance, underscoring the need for reinforced infection control measures and rigorous surveillance programs.
Conclusions
This study describes a multidrug-resistant Pseudomonas aeruginosa isolate from a burn wound infection, exhibiting resistance to multiple antibiotic classes, including aminoglycosides, cephalosporins, fluoroquinolones, and the last-resort agent colistin. The isolate remained susceptible only to levofloxacin and imipenem; however, meropenem resistance and high biofilm-forming capacity complicate therapeutic management. This resistance profile severely limits treatment options and represents a high-risk infection with significant public health implications.
The findings underscore the critical need for continuous surveillance of antimicrobial resistance trends in burn units and other critical care settings. They also reinforce the importance of culture- and susceptibility-guided definitive therapy, as empirical regimens may fail. Future molecular characterization of resistance determinants—including ESBLs, carbapenemases, 16S rRNA methylases, and colistin resistance genes—will be essential to understand transmission dynamics and inform outbreak control strategies.


4.7 Limitations of the Study
The resistance pattern observed in this case aligns with global trends of increasing antimicrobial resistance in Pseudomonas aeruginosa isolates from burn units. In a multicenter study in Iran, colistin resistance was reported at 4.5% (Shahcheraghi et al., 2021), while in some centers in India, rates exceeded 10% (Kumari et al., 2019). In Iraq, colistin resistance has remained relatively low (<5%), despite previous reports of multidrug resistance in 60–70% of burn wound isolates. The identification of a single colistin-resistant isolate in this study may represent an early warning of emerging resistance, emphasizing the need for strengthened infection control practices and rigorous surveillance programs.
4.8 Implications for Clinical Practice and Infection Control
The isolation of a colistin-resistant multidrug-resistant Pseudomonas aeruginosa from a burn wound in Iraq represents an urgent clinical concern. At the patient level, therapy should be guided by susceptibility results: levofloxacin and imipenem remain viable options. However, due to meropenem resistance and the potential for rapid development of imipenem resistance, combination therapy with two active agents is recommended. Nebulized colistin may be considered as an adjunct, although it is generally not advised.
At the institutional level, horizontal transmission must be prevented through enhanced infection control measures, including contact isolation, dedicated equipment, environmental cleaning with sporicidal agents, and cohort nursing.
At the regional and national level, this finding underscores the urgent need for a formal antimicrobial resistance surveillance system, robust antibiotic stewardship programs, and controlled access to last-resort antibiotics to limit the spread of highly resistant pathogens.
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