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ABSTRACT

Article info: Burn wound infections caused by Pseudomonas aeruginosa represent a major clinical challenge
iizzm‘;ﬁ? Ja e due to the pathogen’s virulence, biofilm-forming capacity, and increasing multidrug resistance
(MDR). These factors may adversely affect treatment efficacy and patient outcomes in burn
units; however, their combined clinical impact remains insufficiently characterized in hospital-
based settings. This study aimed to evaluate the association between biofilm-forming ability,
MDR, and clinical outcomes in burn wound infections caused by P. aeruginosa. In this cross-

]I;(u 631]:00::11(15 i:nfec tion sectional study, 30 non-duplicate P. aeruginosa isolates were obtained from hospitalized burn
Pseudomonas aeruginosa patients at a tertiary care burn center between March 2022 and March 2023. Bacterial
Biofilm formation identification was performed using standard microbiological methods. MDR was defined as
Multidrug resistance resistance to at least one agent in three or more antimicrobial classes. Biofilm formation was

assessed using the microtiter plate assay. Among the 30 patients, 76.7% were male, and the
mean age was 45.8 = 16.9 years. The mean total body surface area (TBSA) was 42.9% + 20%.
Fifteen isolates (50%) were classified as MDR. Biofilm assessment revealed that 40% of isolates
were strong biofilm producers, 16.7% moderate, and 43.3% weak producers. No statistically
significant associations were identified between biofilm strength, MDR status, TBSA, and
clinical outcomes. P. aeruginosa burn wound infections were characterized by a high prevalence
of biofilm formation and MDR. While no significant associations with mortality were
demonstrated, trends toward poorer outcomes in patients infected with strong biofilm-producing
and MDR isolates underscore the clinical relevance of these traits. Larger studies incorporating
molecular analyses are warranted to clarify their prognostic significance.
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1. Introduction

Burn wound infections remain a major cause of
morbidity and mortality among hospitalized patients,
particularly in intensive care and burn units.

Disruption of the skin barrier, prolonged
hospitalization, invasive procedures, and extensive
antimicrobial exposure collectively predispose burn
patients to severe bacterial infections and poor clinical
outcomes [l]. Among the pathogens implicated,
Pseudomonas aeruginosa is recognized as one of the
most frequent and clinically challenging etiologic
agents of burn wound infections due to its intrinsic
resistance mechanisms and remarkable adaptive
capacity [2].

P. aeruginosa possesses a broad collection of
virulence determinants, including quorum sensing
systems, secreted toxins, and biofilm-forming ability,
which facilitate persistent colonization of burn wounds
and impair host immune clearance [2, 3]. Biofilms are
structured microbial communities embedded in an
extracellular polymeric matrix that confer protection
against environmental stressors, host defenses, and
antimicrobial agents.

In the context of burn wounds, biofilm formation has
been associated with delayed wound healing, increased
risk of systemic infection, and prolonged hospital stay
[4, 5].

In parallel, the emergence and dissemination of
multidrug-resistant (MDR) P. aeruginosa have become
a critical global health concern [6]. MDR strains,
commonly defined as isolates resistant to at least one
agent in three or more antimicrobial classes,
significantly limit therapeutic options and are associated
with increased treatment failure and mortality [7]. Burn
units, characterized by high antibiotic pressure and
vulnerable patient populations, represent an important
reservoir for MDR P. aeruginosa [8].

Accumulating evidence suggests a complex and
clinically relevant interplay between biofilm formation
and antimicrobial resistance in P. aeruginosa. Biofilm-
associated cells exhibit phenotypic tolerance to
antibiotics, while MDR strains frequently demonstrate
enhanced biofilm-forming capacity, further
complicating infection management [9, 10]. However,
the extent to which biofilm-forming ability and
multidrug resistance jointly influence clinical outcomes
in burn wound infections remains incompletely
understood, particularly in hospital-based settings
within low- and middle-income countries.

Understanding the relationship between biofilm
production, multidrug resistance, and patient outcomes
is essential for improving infection control strategies,
guiding antimicrobial stewardship, and optimizing
therapeutic interventions in burn care.

Therefore, this study aimed to evaluate the impact of
biofilm-forming ability and multidrug resistance on
clinical outcomes among burn wound infections caused
by P. aeruginosa in hospitalized patients.
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2. Materials and Methods
2.1 Study Design and Setting

This cross-sectional experimental study was
conducted at the burn unit of Velayat Hospital, a tertiary
referral center in northern Iran, and included patients
hospitalized between March 2022 and March 2023.
Medical records of burn patients with culture-confirmed
P. aeruginosa burn wound infections were reviewed. A
total of 30 non-duplicate clinical isolates obtained from
30 hospitalized burn patients were included in the
analysis. Only the first isolate per patient was
considered to avoid duplication. Demographic and
clinical data were extracted from hospital records,
including age, sex, total body surface arca (TBSA)
burned, length of hospital stay, and in-hospital
mortality.

2.2 Bacterial isolation and identification

Burn wound samples were collected as part of routine
clinical care using sterile swabs or tissue specimens.
Samples were cultured on blood agar and MacConkey
agar plates and incubated aerobically at 37 °C for 18-24
hours. Presumptive identification of P. aeruginosa was
based on colony morphology, pigment production,
oxidase positivity, and growth at 42 °C. Final
identification =~ was confirmed using standard
biochemical tests, in accordance with standard
microbiological protocols.

2.3 Antimicrobial susceptibility testing

Antimicrobial susceptibility testing was performed
using the disk diffusion method on Mueller—Hinton
agar, and results were interpreted according to the
Clinical and Laboratory Standards Institute (CLSI)
guidelines [11]. The antibiotics tested represented at
least five antimicrobial classes commonly used against
P. aeruginosa, including antipseudomonal penicillins,
cephalosporins, carbapenems, fluoroquinolones, and
aminoglycosides. MDR was defined according to the
international criteria proposed by Magiorakos et al., as
resistance to at least one agent in three or more
antimicrobial categories [12].

2.4 Assessment of biofilm formation

Biofilm-forming ability of P. aeruginosa isolates was
evaluated using the microtiter plate assay, as previously
described with minor modifications [13]. Briefly,
isolates were grown overnight in tryptic soy broth (TSB)
at 37 °C. The bacterial suspension was adjusted to 0.5
McFarland standard and diluted 1:100 in fresh TSB.
Aliquots (100 pL) were inoculated into sterile flat-
bottom 96-well polystyrene microtiter plates and
incubated at 37 °C for 24 hours. Following incubation,
wells were gently washed three times with phosphate-
buffered saline (PBS) to remove planktonic cells and
air-dried. Adherent biofilms were fixed with methanol,
stained with 0.1% crystal violet for 10-15 minutes, and
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excess stain was removed by washing with distilled
water. The bound dye was solubilized using 30% acetic
acid, and optical density (OD) was measured at 550 nm
using a microplate reader. Isolates were categorized as
non-biofilm producers, weak, moderate, or strong
biofilm producers based on OD values relative to the
negative control, according to established criteria.

2.5 Statistical analysis

Statistical analyses were performed using SPSS
software ver. 21 (IBM Corp, Armonk, NY, USA).
Categorical variables were expressed as frequencies and
percentages, while continuous variables were presented
as mean =+ standard deviation or median (interquartile
range), as appropriate. Associations between biofilm-
forming ability, MDR status, and clinical outcomes
were assessed using the chi-square or Fisher’s exact test
for categorical variables. A P value < 0.05 was
considered statistically significant.

3. Results

In this study, 30 P. aeruginosa isolates were tested,
including 23 samples from male (76.7%) and 7 female
(23.3%) patients. The mean age of the patients was 45.8
years (£16.9), with a range from 16 to 81 years. The
average length of hospital stay was 13.1 days (£9.8),
with a range of 2 to 36 days. The total body surface arca
(TBSA) affected by burns had an average of 42.9%
(+20%), ranging from 13% to 83%. Of the isolates, 15
(50%) were classified as MDR, while the remaining 15
were non-MDR. The clinical outcomes of the patients
were as follows: 11 (36.7%) patients died, and 19
(63.3%) were discharged. When considering biofilm
production, 13 isolates (43.3%) were categorized as
weak biofilm producers, 5 isolates (16.7%) exhibited
moderate biofilm formation, and 12 isolates (40%)
demonstrated strong biofilm production.

The correlation between biofilm production strength
and patient outcome revealed that among the weak
biofilm producers, 4 patients (30.8%) died and 9
(69.2%) were discharged. For those with strong biofilm
production, 7 patients (41.2%) died and 10 (58.8%)
were discharged. The difference in clinical outcomes
between weak and strong biofilm-producing isolates
was not statistically significant (p = 0.71). Regarding
TBSA, there was no significant association between the
extent of burn injury and the clinical outcome (p = 0.47).
The impact of MDR on patient outcome was also
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assessed. Again, this difference was not statistically
significant (p = 0.46). Table 1 illustrated the full results
of associations between biofilm strength, TBSA, MDR
status, and clinical outcomes.

4. Discussion

Clinical outcomes of burn wound infections are
influenced by a complex interaction between host
factors, bacterial virulence traits, and antimicrobial
resistance patterns. Evaluating these factors in real-
world hospital settings is essential for contextualizing
laboratory findings and improving patient management
strategies. The present study provides clinical insight
into the role of biofilm formation in P. aeruginosa burn
wound infections. The mortality rate observed in this
cohort reflects the well-documented severity of P.
aeruginosa infections in burn patients and is comparable
to rates reported in similar hospital-based studies [14,
15].

Extensive tissue damage, immune dysregulation, and
prolonged hospitalization create favorable conditions
for persistent infections and systemic complications.
Biofilm formation is a central virulence mechanism of
P. aeruginosa, enabling long-term persistence in burn
wounds and protection against host immune responses
and antimicrobial agents [16]. In the present study, a
substantial proportion of isolates demonstrated strong
biofilm-forming capacity, while no statistically
significant association was found between biofilm
strength and mortality. Similar trends have been
reported previously, suggesting that biofilm formation
may contribute to clinical severity even when statistical
significance is not achieved in small cohorts [17, 18].

MDR remains a critical challenge in burn units
worldwide. Half of the isolates in this study were
classified as MDR, consistent with reports from tertiary
burn centers in comparable healthcare settings [19].
High antibiotic pressure and frequent use of broad-
spectrum antimicrobials are recognized drivers of MDR
P. aeruginosa emergence in burn units [20]. Although
MDR status was not significantly associated with
mortality in this study, previous studies have shown that
MDR infections are associated with delayed appropriate
therapy, prolonged hospitalization, and increased
healthcare costs [21, 22]. The interaction between
biofilm formation and antimicrobial resistance further
complicates the management of P. aeruginosa
infections.

Table 1. Associations between biofilm strength, TBSA, MDR status, and clinical outcomes

Biofilm production weak

Biofilm production strong

Variable Group No. (%) No. (%) P value
Outcome Died 4(30.8) 7(41.2) 071
Discharged 9 (69.2) 10 (58.8) ’
TBSA <40%%* 9 (69.2) 9(52.9) 047
>40% 4 (30.8) 8 (47.1) :
MDR Yes 5(38.5) 10 (58.8) 0.46
No 8 (61.5) 7(41.2) )

*Categorized based on the estimated median
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Biofilm-associated bacteria exhibit phenotypic
tolerance to antibiotics independent of classical
resistance mechanisms, while MDR strains often
demonstrate enhanced biofilm-forming capacity [16,
23]. The coexistence of these traits may limit treatment
effectiveness and contribute to persistent infections,
underscoring the need for integrated diagnostic and
therapeutic approaches in burn care.

This study has several limitations that should be
acknowledged. The retrospective design limits causal
inference between bacterial characteristics and clinical
outcomes. The relatively small sample size may have
reduced the statistical power to detect significant
associations. In addition, molecular characterization of
resistance determinants and biofilm-associated genes
was not performed.

In conclusion, P. aeruginosa as a major cause of burn
wound infections, characterized by a high prevalence of
biofilm formation and MDR. Although statistically
significant associations with mortality were not
observed, strong biofilm production and MDR
phenotypes were more frequently associated with
unfavorable clinical outcomes. These findings highlight
the importance of continuous surveillance, targeted
antimicrobial stewardship, and consideration of biofilm-
related factors in the management of burn wound
infections.
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