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Introduction

Abstract

Background: Pseudomonas aeruginosa is a highly opportunistic pathogen known
for its resistance to multiple antibiotics, posing significant challenges in clinical set-
tings, particularly in nosocomial infections. Its resistance patterns will vary geo-
graphically, necessitating localized studies to guide effective treatment strategies.
The study aimed to identify the distribution and resistance profile of P. aeruginosa
in Al-Diwaniyah Province, Iraq.

Methods: A cross-sectional survey was conducted in two hospitals from November
2024 to May 2025. Clinical specimens (burn exudate, wound swabs, and urine) were
collected and analyzed using culture, biochemical tests, and the VITEK-2 system.
Antimicrobial susceptibility testing was performed via disk diffusion and MIC deter-
mination. Statistical analysis was performed using SPSS.

Results: From 240 patients included in this study, there were only 43 isolates of P.
aeruginosa. The high infection rates occurred in males (62.8%) aged 17-32 years.
Burn isolates exhibited the highest resistance, with 72.4% extensively drug-resistant
(XDR) strains, while urinary tract infections (UTIs) were predominantly multidrug-
resistant (MDR; 66.7%). Carbapenem resistance was alarmingly high (imipenem:
93.1% in burns and meropenem: 86.2%). UTIs were strongly associated with prior
antibiotic use (100%), whereas burn and wound infections often occurred without
antibiotic exposure (62% and 60%, respectively).

Conclusions: P. aeruginosa in Al-Diwaniyah Province shows significant resistance,
particularly in burns and among young adults. The findings underscore the need for
stringent infection control measures, antibiotic stewardship, and alternative therapies
to combat rising resistance. Future research should explore novel treatments like
phage therapy to improve patient outcomes.

Keywords: Pseudomonas aeruginosa, antibiotic resistance, multidrug-resistant, ex-
tensively drug-resistant, burn infections, urinary tract infections.

show a high burden, with the pathogen isolated in
approximately 59.6% of ventilator-associated

Pseudomonas aeruginosa is a highly opportunistic
and versatile pathogen that readily acquires re-
sistance to many antibiotics, presenting as an acute
clinical dilemma with a nosocomial context. Fur-
thermore, critically ill patients are particularly at
risk of this phenomenon, and resistance patterns of
P. aeruginosa are geographically disparate and
vary between institutions; hence, local analyses
should be conducted for the purpose of applying ef-
fective strategies [1-2].

The bacterium is prevalent across various hospital
departments, with Intensive Care Units (ICUs) be-
ing particularly high-risk due to immunocompro-
mised patients and frequent use of invasive devices
[3]. Studies report P. aeruginosa prevalence rates
as high as 39.8% in ICUs. Respiratory wards also

pneumonia (VAP) cases [4]. Surgical wards and
emergency departments frequently culture P. aeru-
ginosa from wound swabs and surgical site infec-
tions (SSIs), while neurosurgery and critical care
departments report prevalence rates ranging from
11.69% to 14.30% [1-2, 5].

P. aeruginosa causes diverse infections, including
respiratory tract infections (RTIs), particularly in
cystic fibrosis patients and those on mechanical
ventilation. It is also a leading cause of bloodstream
infections (BSIs), often with high mortality in im-
munocompromised individuals. The bacterium’s
biofilm-forming ability contributes to wound infec-
tions, SSIs, and UTIs, especially in catheterized pa-
tients. Additionally, it poses a severe threat in burn

wound infections [6-8].
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Antibiotic resistance in P. aeruginosa is a major
concern, with high resistance rates to carbapenems
(imipenem 34.6% and meropenem 35%) and fluo-
roquinolones (ciprofloxacin and levofloxacin ex-
ceeding 50% resistance in some regions) [9]. Ami-
noglycosides like amikacin and gentamicin show
resistance rates between 37% and 48%, while col-
istin resistance exceeds 90% in certain studies.
Multidrug-resistant (MDR) strains, resistant to
three or more antibiotic classes, are rising, with
some studies reporting rates up to 43.43% [1-2, 10-
11].

P. aeruginosa with MDR is defined as non-suscep-
tibility to at least one agent in three or more anti-
microbial categories relevant to this bacterium.
This means the strain resists multiple classes of an-
tibiotics but not all [12]. XDR P. aeruginosa refers
to strains resistant to at least one agent in all but
two or fewer antimicrobial categories. In practical
terms, XDR strains are resistant to almost all avail-
able antibiotic categories but remain susceptible to
one or two classes. This reflects a wider and more
severe resistance profile than MDR strains [12-13].
Resistance mechanisms in P. aeruginosa include
biofilm formation, efflux pumps, production of in-
activating enzymes (e.g., beta-lactamases), and
horizontal gene transfer, which facilitate the spread
of resistance traits [6-7, 14]. Key risk factors for
infection and resistance development include prior
broad-spectrum antibiotic use (especially fluoro-
quinolones and carbapenems), immunocompro-
mised status, invasive medical devices, and pro-
longed hospitalization in high-risk areas like ICUs
and surgical wards [15-17]. Molecular studies con-
firmed the presence of multiple resistance genes,
including ESBLs and carbapenemase genes
(blaOXA variants), but no metallo-beta-lactamase
(MBL) genes such as IMP or VIM were detected in
some isolates, suggesting alternative resistance
mechanisms [18].

Based on the influence of global antibiotic policies,
China reports high carbapenem and fluoroquino-
lone resistance, while Italy shows reduced
imipenem and gentamicin resistance but increased
resistance to cefepime and ceftazidime. Saudi Ara-
bia faces high piperacillin/tazobactam and colistin
resistance, emphasizing the need for strict antibi-
otic stewardship. In Nigeria, ceftriaxone and
ciprofloxacin resistance remain problematic, re-
flecting challenges in low-resource settings [10-
19].

In Al-Diwaniyah Province in Iraq, data on clinical
distribution and resistance patterns of P. aeru-
ginosa remains limited. This study aims to assess
its prevalence across hospital departments and

evaluate antibiotic resistance trends. By identifying
high-risk areas and resistance profiles, the findings
will inform optimized treatment protocols and en-
hance infection control measures, ultimately im-
proving patient outcomes in local healthcare set-
tings.

Materials and Methods

Study Design and Population

A cross-sectional survey was conducted in two
large hospitals (Afak Hospital and the Specialized
Center for Burns in Diwaniyah) in Al-Diwaniyah
Province between November 2024 and May 2025.
A total of 240 patients were involved in this study.
Inclusion criteria: All patients with urinary tract
infection, burn, and wound infection were diag-
nosed on the basis of clinical symptoms and other
investigations.

Exclusion criteria: The patients who have co-in-
fection and those who are taking medications were
excluded.

Sample Collection

Samples from involved patients were collected to
include 100 urines, 100 burn swabs, and 40 wound
swabs. A total of 43 isolates of Pseudomonas aeru-
ginosa (27 males (62.8%) and 16 females (37.2%))
were collected from different specimens. The iso-
lates included were 29 from burns, 5 from wounds,
and 9 from urinary tract infections (UTIs). Identifi-
cation of the isolates was carried out microscopi-
cally and by cultural characterization on Mac-
Conkey agar and cetrimide agar, and further iden-
tification was carried out by the VITEK-2 Compact
system. The ages of the patients ranged from 1 to
70 years.

Bacterial identification

Samples were cultured on MacConkey agar, blood
agar, and cetrimide agar and incubated aerobically
at 37°C for 24 hours. A Gram stain test was per-
formed on the isolates according to the protocol
mentioned in the kit, and all isolates were negative
for the Gram stain and pink in color. Cetrimide
agar contains cetrimide (cetyltrimethylammonium
bromide), a selective agent that inhibits most other
bacteria by disrupting membranes, allowing re-
sistant P. aeruginosa to grow selectively on it. It is
supplemented with pancreatic digest of gelatin (nu-
trients), magnesium chloride, and potassium sul-
fate, which stimulate production of characteristic
pigments, yellow-green fluorescent pyoverdin and
blue pyocyanin. The combination of these pig-
ments produces the distinctive green colonies that
are also fluorescent under UV light, aiding easy
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presumptive identification [12-13]. Bacterial iso-
lates were identified using the VITEK-2 automated
system (BioM¢érieux, France) with GN ID and AST
N222 cards.

Antimicrobial Susceptibility Testing

The minimum inhibitory concentration (MIC) was
further determined using the VITEK-2 automated
system (BioMérieux, France) with AST N222
cards

Ethical approval

The study protocol was submitted to the relevant
ethical committee by the health directorate in Al-
Diwaniyah and approved by document No. 41 on
25 November 2024. Additionally, verbal approval
was obtained from each participant before collect-
ing samples, and health measures and safety proto-
cols were followed during sample collection.
Statistical Analysis

Data were analyzed using SPSS version 26 (IBM,
USA). Descriptive statistics were used to summa-
rize demographic and clinical data. Chi-square
tests were employed to compare categorical varia-
bles, with a p-value < 0.05 considered statistically
significant.

Results

According to the data presented in Table 1, P. ae-
ruginosa infection rates varied significantly by age
and sex. The most affected age group was 17-32
years, with a significantly higher infection rate of
62.8% (p = 0.0001). Similarly, males exhibited a
significantly higher infection rate of 62.8% (p =
0.0120) compared to females.

Table 2 presents a detailed analysis of MDR and
XDR P. aeruginosa isolates from UTIs, burns, and
wounds and age groups, which revealed statisti-
cally significant variations (p = 0.0001). In UTIs,
MDR isolates were predominantly found in the 17-
32 year age group (66.6%), with lower prevalence
in the 1-16 and 33-48 year categories (16.6% each),
while no cases were detected in patients aged 49
years or older. Conversely, XDR isolates in UTIs
were most common in younger patients (66.7% in
1-16-year-olds and 33.3% in 17-32-year-olds),
with no occurrences beyond age 32. For burn infec-
tions, MDR resistance was highest in the 17-32
group (62.5%), minimal in the 1-16 group (12.5%),
and absent in the 33-48 group. In contrast, XDR
isolates in burns showed the highest prevalence in
the 17-32 group (47.6%), followed by equal pro-
portions in the 33-48 and 49-64 year groups (23.8%
each), with only 4.8% in the youngest group.
Wound infections exhibited the most distinct pat-
tern, with MDR isolates exclusively present in the

17-32 year age group (100%), while XDR isolates
were evenly distributed across the 1-16, 17-32, and
33-48 year groups (33.3% each) and completely
absent in older patients. These findings demon-
strate clear age- and infection-specific trends in an-
timicrobial resistance profiles.

Table 3 presents the antibiotic susceptibility pat-
terns of P. aeruginosa isolates from UTIs, burns,
and wounds, with all comparisons showing statisti-
cally significant differences (p <0.05). The data re-
veal distinct resistance profiles across infection
sources. For imipenem, burn isolates exhibited the
highest resistance rate (93.1%), while UTI isolates
showed the greatest susceptibility (44.9%). A sim-
ilar trend was observed for meropenem, where
burn isolates had the highest resistance (86.2%),
whereas UTI isolates displayed both the highest in-
termediate resistance (unique to this antibiotic) and
the highest susceptibility. Fluoroquinolones
(levofloxacin, ciprofloxacin, ofloxacin, norfloxa-
cin, and nalidixic acid) followed a comparable pat-
tern, with burn isolates demonstrating the highest
resistance (62.1%) and UTI isolates the greatest
susceptibility (77.8%). Notably, all P. aeru-
ginosa isolates were resistant to nalidixic acid,
with the highest proportion observed in burn infec-
tions (67.4%).

Table 4 evaluates the rate of P. aeruginosa infec-
tions in relation to prior antibiotic use for UTIs,
burns, and wounds. In UTIs infections, all P. aeru-
ginosa (100%) are linked to antibiotic uptake,
whereas no infections are found in non-antibiotic
uptake cases. In burns, the rate of infection with P.
aeruginosa was 62% of patients who are not on an-
tibiotics, whereas 38% are associated with those
who take antibiotics, with a significant difference
(P =0.0164). Similarly, in wounds, the rate of in-
fection with P. aeruginosa was 60% of patients
who have not taken antibiotics, whereas 40% are
associated with those who have taken antibiotics,
with a significant difference (P = 0.0455).

Table 5 examines the relationship between infec-
tion recurrence and prior antibiotic use across dif-
ferent sample types, revealing significant associa-
tions in all cases. For UTIs, recurrence was
strongly linked to prior antibiotic use (88.9%),
while non-recurrent infections occurred only with-
out prior antibiotic use (11.1%), with a highly sig-
nificant statistical association (p = 0.001). In con-
trast, burn infections exhibited only non-recurrent
cases, with a higher proportion occurring without
antibiotic uptake (58.6%) compared to those with
prior antibiotic exposure (37.9%).

The difference that was statistically significant (p =

0.0312).
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Similarly, wound infections also showed exclu-
sively non-recurrent cases, where infections with-
out prior antibiotic use were more frequent (60%)
than those with prior antibiotic use (40%), which
demonstrates a significant association (p =
0.0455).

Discussion

P. aeruginosa is a dangerous opportunistic patho-
gen, particularly in immunocompromised individ-
uals, due to its ability to colonize epithelial sur-

faces, impair host defenses, and cause severe sys-
temic infections, leading to high morbidity and
mortality rates [19].

MDR P. aeruginosa is especially problematic in
patients with recent antibiotic use, prolonged hos-
pitalization, or those who are immunocompro-
mised [19].

The findings of this study demonstrate a significant
association between P. aeruginosa infection and
demographic factors, particularly age and sex. Our
results showed the highest infection rate in the 17-
32-year-old age group, matching with results re-
ported in other studies [22].

Table 1: Pseudomonas aeruginosa infection according to sexes and ages of patients

P. aeruginosa appearance No. (%)
Age group (year) Total No. (%) p-value
1-16 17-32 33-48 49->64
6 (13.9%) 27 (62.8%) 6 (13.9%) 4 (9.3%) 43 (100%) 0.0001*
Sex Total No.
Male
27(62.8%) 16 (37.2%) 43(100%) 0.0120*
*Significant difference at the 0.05 level by chi-square test
Table 2: Antibiotic resistance for P. aeruginosa in patients according to age groups
Infection Antibiotic Age category (year) No. (%) Total p-value
types resistance No.
1-16 17-32 33-48 49->64
UTI MDR 1 (16.6%) 4 (66.6%) 1 (16.6%) 0 (0%) 6 0.0001*
(n=9) XDR 2 (66.7%) 1 (33.3%) 0 (0%) 0 (0%) 3 0.0001*
Burn MDR 1 (12.5%) 5(62.5%) 0 (0%) 2 (25%) 8 0.0001*
(n=29) XDR 1 (4.8%) 10 (47.6%) 5 (23.8%) 5(23.8%) 21 0.0001*
Wound MDR 0 (0%) 2 (100%) 0 (0%) 0 (0%) 2 0.0001*
(n=5) XDR 1 (33.3%) 1 (33.3%) 1 (33.3%) 0 (0%) 3 0.0001*
*Significant difference at the 0.05 level by chi-square test
MDR: multidrug resistant, XDR: extensively drug-resistant
Table 3: Antibiotic susceptibility for P. aeruginosa in patient according to type of infection
Antibiotic R//S Site infection No. (%) p-value
UTIs Burn Wound Total No. P <0.05)
Impenem R 5(55.5%) 27(93.1%)* 4 (80%) 36 (83.7%) 0.0074*
S 4 (44.9%)* 2 (6.9%) 1(20%) 7(16.3%) 0.0001*
Total No. 9 29 5 43
Meropenem R 3 (33.3%) 25 (86.2%)* 4 (80%) 32 (74.4%) 0.0001*
1 2 (22.2%)* 2 (6.8%) 0 (0%) 4(9.3%) 0.0001*
S 4 (44.4%)* 2 (6.8%) 1 (20%) 7 (16.3%) 0.0001*
Total No. 9 29 5 43
Levofloxacin R 2 (22.2%) 18 (62.1%)* 3 (60%) 23 (53.4%) 0.0001*
S 7 (77.8%)* 11 37.9%) 2 (40%) 20 (46.5%) 0.0001*
Total No. 9 29 5 43
Ciprofloxacin R 2 (22.2%) 18 (62.1%)* 3 (60%) 23 (53.4%) 0.0001*
S 7(77.8%) 11 (37.9%) 2 (40%) 20 (46.5%) 0.0001*
Total No. 9 29 5 43
Ofloxacin R 2 (22.2%) 18 (62.1%)* 3 (60%) 23 (53.4%) 0.0001*
S 7 (77.8%)* 11 37.9%) 2 (40%) 20 (46.5%) 0.0001*
Total No. 9 29 5 43
Nalidixic acid R 9 (20.9%) 29 (67.4%)* 5 (11.6%) 43 (100%) 0.0001*
Norfloxacin R 2 (22.2%) 18 (62.1%) 3 (60%) 23 (53.4%) 0.0001*
S 7(77.8%) 11 37.9%) 2 (40%) 20 (46.5%) 0.0001*
Total No. 9 29 5 43
*Significant difference at the 0.05 level by chi-square test
S: sensitive, R: resistance, I: intermediate
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Table 4: Percentage of P. aeruginosa isolation according to prior antibiotic use.

Type of infection P. aeruginosa infection rate p-value
Not receiving antibiotics Receiving antibiotics

UTI (n=9) 0 (0%) 9 (100%) 0.0001*

Burn (n=29) 18 (62 %) 11 (38%) 0.0164*

Wound (n=5) 3 (60%) 2 (40%) 0.0455*

*Significant difference at the 0.05 level by chi-square test

Table 5: Linkage of the recurrence of infection to prior antibiotic use in each sample type

Site infection Recurrent infection Antibiotic uptake state
state Non-antibiotic uptake cases Antibiotic uptake p-value
cases
UTI Non-recurrent 0 (0%) 1 (11.1%) 0.0001*
(n=9) Recurrent 8 (88.9%) 0 (0%) 0.0001*
p-value 0.0001* 0.0001*
Burn Non-recurrent 17 (58.6%) 12 (41.4%) 0.0312*
(n=29) Recurrent 0 (0%) 00%)) | ===
p-value 0.0001* 0.0001*
Wound Non-recurrent 3 (60%) 2 (40%) 0.0455*
(n=5) Recurrent 0 (0%) 00%) | ===
p-value 0.0001* 0.0001*

*Significant difference at the 0.05 level by chi-square test

In Baghdad city in Iraq, different age distributions
were found, with 14.7% in children (0-14 years),
29.9% in young adults (15-24 years), and 55.4% in
adults (> 25 years), while Hilal (2023) reported
higher incidence rates among older age groups,
particularly 41-50 years [23]. Also, hematological
studies identified a median age of 58.5 years for P.
aeruginosa bloodstream infections, with neutro-
penia as a key risk factor [22]. These discrepancies
may reflect population-specific differences in ex-
posure risks, immunity, or healthcare access. The
predominance of infections among young adults in
our study could be attributed to occupational expo-
sures, hospital contact, or lifestyle factors [25].
Regarding sex distribution, our finding of higher
infection rates in males (62.8%) aligns with several
studies [20, 26]. Umar et al. (2020) reported bacte-
rial infections in 52.7% males and 47.3% females
[26]. An Ethiopian study also found higher preva-
lence in males (21.4%) than females (15.8%) [27].
However, contrasting results exist an equal preva-
lence between sexes. The observed male predomi-
nance in most studies may be linked to greater
physical injury rates or occupational exposures
[29].

The present findings demonstrate significant varia-
tion in resistance profiles depending on the clinical
source of infection, with burn wounds showing the
highest proportion of XDR strains (72.4%), fol-
lowed by wound infections (60% XDR). In con-
trast, UTIs were predominantly associated with
MDR strains (66.7%), though a substantial propor-
tion (33.3%) exhibited XDR resistance. This has
corroborated the findings of recent research con-
ducted in Nigeria, which found that wound swabs

had the highest prevalence (7.8 %), followed by ear
swabs (3.4 %) and urine samples (1.4%) [20]. This
suggests that wound infections play a primary role
in the transmission and maintenance of P. aeru-
ginosa infection in the hospital setting. Also,
Oliveira et al. (2017) demonstrated that chronic
wounds and burns provide an ideal environment for
biofilm formation, facilitating the development of
resistance due to prolonged antibiotic exposure and
impaired immune responses [30]. The predomi-
nance of MDR strains in UTIs may reflect different
selection pressures in the urinary tract, where anti-
biotic use patterns and anatomical factors could
contribute to resistance evolution [31].

The current study found significant age-related
trends in P. aeruginosa antibiotic resistance, with
MDR strains being most common in younger pa-
tients (17-32 years) across UTIs, burns, and
wounds. In contrast, XDR strains showed wider
age distribution, particularly in burn infections.
The higher MDR prevalence in younger popula-
tions may reflect distinct risk factors like immune
responses or antibiotic exposure, while XDR per-
sistence in older burn patients suggests chronic
wound environments contribute to resistance de-
velopment [32].

P. aeruginosa isolates exhibited varying antibiotic
susceptibility patterns based on infection type.
Burn wound isolates showed alarmingly high re-
sistance, particularly to carbapenems (93.1% to
imipenem and 86.2% to meropenem) with a 60%
meropenem resistance. This finding was in agree-
ment with other studies [33-35], in which re-
sistance rates of meropenem were found to be 60%,
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60%, and 87%, respectively. This suggests declin-
ing carbapenem efficacy, likely due to frequent
clinical use.

In contrast, UTI isolates demonstrated better sus-
ceptibility, with higher sensitivity to fluoroquin-
olones (77.8% levofloxacin) and retained
imipenem sensitivity (44.9%). For wound infec-
tions, resistance to ciprofloxacin and norfloxacin
was notably high, while ofloxacin maintained a
better sensitivity. This aligns with previous studies,
which stated that ciprofloxacin had lower effective-
ness, with resistance rates reaching up to 80% [36-
37]. However, emerging meropenem resistance
(22.2%) in UTIs warrants surveillance. Conflicting
fluoroquinolone resistance rates in UTIs (63% and
25%) were reported by many studies [38-39], re-
flecting temporal and regional variability in re-
sistance trends, possibly driven by evolving antibi-
otic pressures [3-8].

The study revealed distinct patterns in P. aeru-
ginosa infections based on antibiotic receiving and
infection type. For UTIs, all cases were associated
with prior antibiotic use, demonstrating that anti-
microbial exposure is a critical risk factor likely
due to disruption of normal flora and selection of
resistant strains. In contrast, burn and wound infec-
tions showed an inverse relationship, with higher
infection rates among patients without prior antibi-
otic receiving (62% in burns, 60% in wounds). This
suggests that in these cases, non-antibiotic factors,
including compromised skin barriers, environmen-
tal contamination, and P. aeruginosa’s inherent
biofilm-forming ability, play a more dominant role
in infection establishment. The pathogen's capacity
to colonize damaged tissue and medical devices ap-
pears to drive infections independently of antibiotic
pressure in wound and burn settings [38]. Studies
indicate that P. aeruginosa exhibits high levels of
multidrug resistance, with resistance rates reaching
100% for certain antibiotics like ampicillin and
varying resistance to others such as ciprofloxacin
and imipenem [37-41]. Furthermore, in UTIs, P.
aeruginosa demonstrates a remarkable ability to
develop tolerance under specific conditions, which
can enhance its resistance up to 6000-fold, compli-
cating treatment efforts [42]. In burn wards, a pos-
itive correlation exists between antibiotic usage
and resistance rates, suggesting that increased anti-
biotic application can exacerbate resistance [43].
This study reveals crucial differences in P. aeru-
ginosa infection patterns based on infection type
and antibiotic exposure. For UTIs, we observed a
strong dependence on prior antibiotic use, with all
cases and nearly all recurrences linked to antibiotic

exposure. In contrast, burn and wound infec-
tions showed inverse relationships with antibiotic
use. Most cases occurred without prior antibiotic
exposure (62% burns and 60% wounds), and all
were non-recurrent. In accordance with these re-
sults, many results demonstrated that prior antibi-
otic exposure, particularly to fluoroquinolones and
carbapenems, significantly increases the risk of P.
aeruginosa UTIs and recurrence due to resistance
selection [7, 44-45]. Also, Holt et al. (1994)
showed that P. aeruginosa colonization in burns is
primarily driven by environmental exposure and
compromised skin barriers rather than antibiotic
pressure [46]. They linked biofilm formation in
chronic wounds to persistent P. aeruginosa infec-
tions, emphasizing the need for debridement over
antibiotics.

Conclusions

P. aeruginosa is a major opportunistic pathogen in
Al-Diwaniyah Province, with high infection rates
among males and individuals aged 17-32. Burn
wounds showed the highest XDR strains, while
UTIs were mainly MDR. Carbapenem resistance
was widespread, especially in burn cases, high-
lighting the need for alternative treatments. UTIs
were linked to prior antibiotic use, whereas burn
and wound infections often arose independently,
emphasizing environmental and host factors. To
combat resistance, stricter hygiene, better surveil-
lance, and antibiotic stewardship are essential. Fu-
ture research should explore novel therapies like
phage therapy to improve outcomes and reduce P.
aeruginosa infections in the region. emphasizing
the urgent need for local antimicrobial stewardship
programs and infection prevention interventions.
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