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Plain English Summary

Pseudomonas aeruginosa is a bacterium that often causes severe infections in hospitalised patients,
especially those with burns or on ventilators. It is difficult to treat because it can resist many antibiotics.
This study looked at 120 samples from patients in a teaching hospital in southern Iraq. We tested which
antibiotics the bacteria could resist and looked for two specific genes: one that helps the bacteria
destroy a last-line antibiotic (carbapenems), and another that helps the bacteria form a protective layer
called biofilm. We found that one-third of the isolates were resistant to all antibiotics tested — a situation
called pandrug resistance. Burn patients were most affected. The gene for biofilm formation was very
common, and when both genes were present together, the bacteria were almost always highly resistant.
This study shows that Iragi hospitals need better infection control and regular monitoring of antibiotic
resistance to prevent these dangerous bacteria from spreading further.
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Introduction

Antimicrobial resistance (AMR) is one of the
greatest threats to global health in the 21st
century. Hospital environments act as reservoirs
for multidrug-resistant (MDR) microorganisms,
and Pseudomonas aeruginosa stands out as a
major opportunistic pathogen responsible for
hospital-acquired infections (HAIs) worldwide (1,
2). This organism possesses both intrinsic and
acquired resistance mechanisms, making it
notoriously difficult to eradicate and leading to
high morbidity and mortality among vulnerable
patients (3).

The clinical challenge posed by P. aeruginosa is
compounded by its ability to form biofilms —
structured communities of bacteria encased in a
self-produced matrix. Biofilms not only protect
bacteria from host immune responses but also
dramatically reduce the effectiveness of
antibiotics (4). A key gene involved in biofilm
formation is algD, which encodes a critical
enzyme for alginate production. Overexpression
of algD promotes the mucoid phenotype and is
strongly associated with enhanced antimicrobial
tolerance (5).

In addition to biofilm-mediated protection,
enzymatic resistance mechanisms, particularly
carbapenemase production, have become
increasingly important. Carbapenems are
considered last-line antibiotics for severe
Gram-negative infections. Among the various
carbapenemases, OXA-type enzymes —
including OXA-23 — have emerged as clinically

significant  determinants of carbapenem
resistance. Although blaOXA-23is classically
associated with Acinetobacter  baumannii,

several recent reports have documented its
presence in P. aeruginosa isolates from the
Middle East, including Iraq (6, 7). This
cross-species dissemination raises serious
concerns about horizontal gene transfer in
hospital settings.

The World Health Organisation has listed
carbapenem-resistant P. aeruginosa as a critical
priority for new antibiotic development (8).
However, in low- and middle-income countries,
surveillance data combining both phenotypic and
molecular analyses remain scarce. Iraq, with its
history of conflict and strained healthcare
infrastructure, faces particular challenges in
combating AMR (9, 10). The present study was
therefore designed to assess antibiotic
resistance patterns in P. aeruginosa isolated
from clinical specimens at a tertiary hospital in
southern Iraq and to explore the distribution
of blaOXA-23 and algD in relation to resistance
phenotypes and patient characteristics.

Materials and Methods

Study design and setting

This was a cross-sectional descriptive study
conducted at Al-Nasiriyah Teaching Hospital,
Thi-Qar Health Directorate, Thi-Qar Province,
southern Iraq. The hospital is a major referral
centre serving both urban and rural populations.
The study period extended from 15 November
2025 to 1 April 2026.

Sample collection and study population

A total of 120 non-duplicate clinical isolates of P.
aeruginosa were collected from 120 patients
attending the hospital. The sample comprised 86
inpatients and 34 outpatients. Inclusion criteria
were any patient from whom a clinical sample
yielded P. aeruginosa during the study period,
regardless of age, sex or ward. Specimens were
categorised into five types: burned tissue or
wound swabs (n=39), sputum (n=26),
mid-stream urine (n=19), bronchoalveolar lavage
fluid (n=17), and other specimens (blood
cultures, non-burn wound discharges, ear swabs;
n=19). Demographic and clinical data — including
age, sex, hospitalisation status, and ward — were
recorded systematically.

Bacteriological culture and isolation

All specimens were transported to the laboratory
within 2 hours of collection. Samples were
inoculated onto blood agar, cetrimide agar,
MacConkey agar, and brain-heart infusion broth.
Cultures were incubated aerobically at 37°C for
24-48 hours. Colonies suspicious for P.
aeruginosa were identified by Gram staining,
oxidase test, pyocyanin production, and typical
colonial morphology on cetrimide agar. All
isolates were confirmed using the APl 20NE
system (bioMérieux, France). For quality
assurance, P. aeruginosa ATCC 27853 was
used as a reference strain.
Automated identification and antimicrobial
susceptibility testing

Species  confirmation and  antimicrobial
susceptibility testing were performed using the
VITEK 2 Compact system (bioMérieux, France).
Fresh overnight colonies were suspended in
0.45% sterile saline to a turbidity of 0.50-0.63
McFarland. Identification was carried out with the
GN identification card. Susceptibility testing used
the AST-N419 card, which contains 14 clinically
relevant antimicrobial agents:
piperacillin/tazobactam, ceftazidime,
ceftazidime/avibactam, ceftolozane/tazobactam,
cefepime, cefotaxime, imipenem, meropenem,
amikacin, gentamicin, netilmicin, ciprofloxacin,
aztreonam, and piperacillin. Results (sensitive,
intermediate, or resistant) were interpreted
according to Clinical and Laboratory Standards
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Institute (CLSI) guidelines (M100-S34, 2024
edition). Quality control was performed using P.
aeruginosa ATCC 27853.

Based on the number of antibiotic classes to
which each isolate was resistant, we classified
the isolates into four phenotypes following the
definitions proposed by Magiorakos et al. (7):
non-MDR (susceptible or resistant to <2 classes),
MDR (resistant to 23 but not all classes), XDR
(resistant to all but <2 classes), and PDR
(pandrug-resistant; resistant to all tested
classes). Intermediate results were considered
resistant for classification purposes.

Molecular detection of blaOXA-23 and algD

Genomic DNA was extracted from pure cultures
using the Genomic DNA Mini Kit (Geneaid,
Taiwan) according to the manufacturer's
instructions. Conventional PCR was performed
to detect the carbapenemase
gene blaOXA-23and the biofilm-associated

gene algD. Primer sequences and expected
product sizes are shown in Table 1. PCR
reactions included positive controls (genomic
DNA from known blaOXA-23-positive A.
baumannii and algD-positive P. aeruginosa) and
negative controls (sterile water). Thermal cycling
conditions for blaOXA-23 were: initial
denaturation at 94°C for 3 min; 35 cycles of 95°C
for 25 s, 52°C for 45 s, and 72°C for 50 s; final
extension at 72°C for 5 min. For algD: initial
denaturation at 95°C for 2 min; 35 cycles of 95°C
for 1 min, 55°C for 33 s, 72°C for 1 min; final
extension at 72°C for 5 min. Amplicons were
resolved on 1.5% agarose gels stained with
ethidium bromide and visualised under UV light.
PCR product sizes were confirmed by
comparison with a 100-bp DNA ladder. No
sequencing was performed; therefore, the
presence of blaOXA-23is reported based on
amplicon size only.

Table 1: Primer sequences used for PCR detection

Gene Primer Sequence (5'—>3") Product size Reference
blaOXA-23 F TGGAAGGGCGAGAAAAGGTC ~400 bp (11)
blaOXA-23 R TTGCCCAACCAGTCTTTCCA
algD F TTCCCTCGCAGAGAAAACATC ~500 bp (12)
algD R CCTGGTTGATCAGGTCGATCT

Statistical analysis mean age was 42.3 years (range 2-85 years).

Data were analysed using SPSS version 26.0
(IBM Corp., Armonk, NY, USA). Categorical
variables were compared using the chi-square
(x?) test. For significant associations, effect sizes
were calculated using Cramér's V (small =0.1,
medium 20.3, large 20.5). Odds ratios with 95%
confidence intervals were computed for selected
binary comparisons (e.g., PDR vs. non-PDR by
hospitalisation status). No adjustment for multiple
comparisons was made because the analyses
were exploratory; however, this limitation is
acknowledged in the discussion. A p-value <0.05
was considered statistically significant.

Results

Characteristics of the study population

Among the 120 patients, 86 (71.7%) were
inpatients, and 34 (28.3%) were outpatients. The

Age distribution was as follows: <20 years (n=32,
26.7%), 21-40 years (n=38, 31.7%), 41-60 years
(n=28, 23.3%), and 261 years (n=22, 18.3%).
Sex distribution was 67 males (55.8%) and 53
females (44.2%). The most common specimen
types were burned tissue (32.5%) and sputum
(21.7%).

Resistance phenotype distribution

Of the 120 isolates, pandrug-resistant (PDR)
strains were the most prevalent (n=40, 33.3%),
followed by XDR (n=29, 24.2%), non-MDR
(n=28, 23.3%), and MDR (n=23, 19.2%) (Figure
1). The proportion of PDR isolates among
inpatients (43.0%) was substantially higher than
among outpatients (8.8%).

®MDR ®XDR ®PAN ®NonMDR

Figure 1: Distribution of antimicrobial resistance phenotypes (non-MDR, MDR, XDR, PDR)
among 120 P. aeruginosa isolates.
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Association with specimen type and patient
status

The distribution of resistance phenotypes varied
significantly by specimen type (x?>=26.8, p<0.01,
Cramér's V=0.31). Burned tissue specimens
contributed the highest number of PDR isolates
(n=18), followed by sputum (n=10) and
bronchoalveolar lavage (n=6). In contrast, urine
specimens showed a predominance of XDR
isolates (n=10) (Table 2). Hospitalisation status

was strongly associated with resistance:
inpatients were far more likely to harbour XDR or
PDR isolates than outpatients (x>=28.63, p<0.01,
Cramér’'s V=0.36). The odds of being PDR
among inpatients compared with outpatients was
7.8 (95% CI: 2.2-27.4). Ward-specific analysis
(burn unit, ICU, RCU, medical wards) showed no
statistically  significant difference (p>0.05),
although the burn unit accounted for the largest
absolute number of PDR isolates (n=17).

Table 2: Distribution of resistance phenotypes by specimen type

Specimen type Non-MDR MDR XDR PDR Total
Burned tissue 10 10 18 39
Sputum 7 4 10 26
Urine 4 4 1 19
BAL 2 5 6 17
Others 5 6 5 19
Total 28 29 40 120

¥X?=26.8, p<0.01, Cramér’s V=0.31

Antibiotic susceptibility profile

Resistance rates were alarmingly high across the
14 antimicrobial agents tested (Table 3). The
highest resistance was observed for ceftazidime
(78.3%), cefotaxime (73.3%),
ceftazidime/avibactam (69.2%), ciprofloxacin
(66.7%), and cefepime (66.7%). Carbapenem

resistance, a marker of last-line treatment failure,
was found in 49.2% of isolates for imipenem and
50.0% for meropenem. Aminoglycoside
resistance ranged from 60.8% to 63.3%. The
overall variation in resistance rates across
antibiotics was highly significant (x*=65.76,
p<0.01).

Table 3: Antibiotic susceptibility profile of 120 P. aeruginosa isolates

Antimicrobial agent

Susceptible (n)

Intermediate (n)  Resistant n (%)

Piperacillin/tazobactam 42 10 68 (56.7)
Ceftazidime 23 3 94 (78.3)
Ceftazidime/avibactam 32 5 83 (69.2)
Ceftolozane/tazobactam 38 1 81 (67.5)
Cefepime 38 2 80 (66.7)
Cefotaxime 28 4 88 (73.3)
Imipenem 59 2 59 (49.2)
Meropenem 57 3 60 (50.0)
Amikacin 42 3 75 (62.5)
Gentamicin 42 5 73 (60.8)
Netilmicin 42 2 76 (63.3)
Ciprofloxacin 39 1 80 (66.7)
Aztreonam 43 6 71 (59.2)
Piperacillin 41 3 76 (63.3)

Molecular detection of blaOXA-23 and algD

Overall, 97 isolates (80.8%) carried at least one
of the two target genes. The biofilm-associated
gene algD was the most frequently detected
determinant, present alone in 51 isolates
(42.5%). The carbapenemase

gene blaOXA-23 was detected alone in 19
isolates (15.8%). Co-occurrence of both genes
was found in 27 isolates (22.5%). No target gene
was detected in 23 isolates (19.2%) (Table 4).
Representative gel images are shown in Figures
2 and 3 (supplementary data).

Table 4: Distribution of target genes among 120 isolates

Gene profile

algD only
blaOXA-23 only
blaOXA-23 + algD
None detected

n %
51 42.5
19 15.8
27 22.5
23 19.2

319



Jabba et. al., Babcock Univ. Med. J.2026 9(S1):316-323

Association  between
resistance phenotypes
The distribution of gene profiles differed
significantly among resistance categories
(x3=23.56, p<0.01, Cramér's V=0.28). PDR
isolates showed the highest frequency of
co-occurrence (n=13, 32.5% of PDR) and the
highest frequency of algD alone (n=19, 47.5%).

gene profiles and

XDR isolates also had notable co-occurrence
(n=11, 37.9%). In contrast, non-MDR isolates
most often lacked both genes (n=10, 35.7%) or
carried only algD (n=13, 46.4%) (Table 5). These
findings suggest a stepwise accumulation of
resistance determinants as phenotypes progress
from non-MDR to PDR.

Table 5: Gene profiles stratified by resistance phenotype

Phenotype algD+blaOXA-23 blaOXA-23 only algD only  None Total
Non-MDR 2 13 10 28
MDR 1 10 7 23
XDR 11 9 4 29
PDR 13 19 2 40
Total 27 51 23 120

¥x?=23.56, p<0.01, Cramér’s V=0.28

Age and sex distribution of resistance

Age group analysis (based on available data)
showed a statistically significant association
(x>=18.79, p<0.05, Cramérs V=0.24). PDR
isolates were most frequent in the youngest age
group (220 years, n=15) and the 21-40 years
group (n=12). In contrast, MDR isolates were
most common among patients aged =261 years
(n=12). No significant difference in resistance
phenotype distribution was observed between
male and female patients (x>=1.87, p>0.05).

Discussion

In this study of 120 clinical P. aeruginosa isolates
from a tertiary hospital in southern Iraq, we
observed an extraordinarily high prevalence of
pandrug-resistant (PDR) strains (33.3%) and
extensively drug-resistant (XDR) strains (24.2%).
These figures are among the highest reported
from the Middle East and far exceed global
pooled estimates, which typically range from 5%
to 15% for PDR (13, 14). The predominance of
PDR isolates from burned tissue (18 out of 40
PDR isolates) is particularly concerning. Burn
patients are immunocompromised and frequently
receive prolonged broad-spectrum antibiotic
therapy, creating an intense selective pressure
that favours the emergence and spread of
pan-resistant clones (15, 16).

The strong association between inpatient status
and PDR/XDR phenotypes (odds ratio 7.8 for
PDR among inpatients) reinforces the role of
hospitals as amplifiers of resistance. The burn
unit, intensive care unit and respiratory care unit
were hotspots for highly resistant isolates,
although differences between wards did not
reach statistical significance, possibly because of
limited sample size per ward. Previous studies
from Iraq have similarly identified burn units as
epicentres of carbapenem-resistant P.
aeruginosa (10, 17, 18, 19).

Our antibiotic susceptibility data reveal a
disquieting landscape. Resistance rates to
ceftazidime (78.3%) and cefotaxime (73.3%) are
among the highest in the region. Even more
alarming is the ~50% carbapenem resistance, as
these drugs are often the last effective agents
against  multidrug-resistant ~ Gram-negative
infections (20). Such high rates severely limit
empirical treatment options and compel clinicians
to rely on older, more toxic agents such as
colistin, which was not tested in this study but is
likely the only remaining option for many PDR
isolates.

Molecular findings: blaOXA-23 and algD

The detection of blaOXA-23 in 38.3% of isolates
(alone or in combination) requires careful
interpretation. While blaOXA-23is classically
considered an Acinetobacter
baumannii-associated carbapenemase, several
recent investigations from Iraq and neighbouring
countries have reported its presence in P.
aeruginosa clinical isolates (6, 7, 11). Jasim et al.
(2024) identified blaOXA-23in P.
aeruginosa from both cows and humans in Basra
province (6). The most plausible explanation is
horizontal gene ftransfer via plasmids or
transposons that circulate among Gram-negative
pathogens in hospitals with high antibiotic
pressure. However, because we did not perform
sequencing or conjugation experiments, we
cannot definitively rule out non-specific PCR
amplification. Nevertheless, the strong
association between blaOXA-23 positivity and
carbapenem resistance (seen in Table 3 and
Table 5) supports its functional role.

More than two-thirds of isolates (67.5%) carried
the biofilm-associated gene algD, either alone or
together with blaOXA-23. It is important to
emphasise thatalgDis not an antimicrobial
resistance gene per se; rather, it contributes to
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the mucoid phenotype and biofilm formation,
which physically protect bacteria from antibiotic
penetration and promote tolerance (5, 21, 22).
The presence of algD was not exclusive to
resistant isolates; it was also found in 46.4% of
non-MDR isolates, but its prevalence increased
markedly in XDR and PDR groups. This pattern
suggests that biofilm formation may act as a
‘platform’ that facilitates the survival and
subsequent acquisition of bona fide resistance
genes (4, 23).

The co-occurrence of blaOXA-23 and algD in 13
PDR isolates (32.5% of PDR) and 11 XDR
isolates (37.9% of XDR) is striking. While we
cannot infer causality, the synergy between
enzymatic  carbapenem  destruction and
biofilm-mediated physical protection is
biologically plausible: the biofilm matrix restricts
antibiotic  diffusion, reducing the effective
concentration reaching bacterial cells, while any
surviving cells that produce OXA-23 can
hydrolyse carbapenems that do penetrate. This
combination creates a highly refractory infection
phenotype, as previously described in cystic
fibrosis lung infections (5).

Age-related findings

The observation that PDR isolates were most
common among patients <40 years of age,
whereas MDR predominated in the elderly (=61
years), is intriguing. A plausible explanation is
that younger patients in this setting were more
likely to be burn victims (burn injuries occur
predominantly in children and young adults), and
burn units have the highest antibiotic selection
pressure. Conversely, older patients often
present with chronic conditions and may have
had multiple prior antibiotic exposures that select
for MDR but not yet PDR strains. Unfortunately,
our dataset did not allow us to stratify by both age
and specimen type simultaneously, so this
hypothesis remains speculative.

Study limitations and future directions

Several limitations must be acknowledged. First,
this was a single-centre study, limiting
generalisability to other hospitals in Iraq or the
region. Second, the sample size (120 isolates)
was moderate, and no a priori power calculation
was performed. Third, we examined only two
genetic determinants; many other resistance
mechanisms (e.g., efflux pumps, porin loss, other
B-lactamases) were not investigated. Fourth, we
did not perform minimum inhibitory concentration
(MIC) determinations — we relied on VITEK 2
categorical results. Fifth, PCR products were not
sequenced; thus, the possibility of non-specific
amplification of blaOXA-23 cannot be entirely
excluded. Sixth, we did not assess biofilm
formation directly (e.g., by crystal violet assay),

so the functional role of algD carriage remains
inferred.

Future studies should include whole-genome
sequencing to confirm resistance gene identities
and explore the genetic context (plasmids,
integrons).  Multicentre  surveillance  with
standardised protocols is urgently needed to map
the true burden of PDR P. aeruginosa in Iraq.
Additionally, clinical outcome studies should
examine whether patients infected
with blaOXA-23-positive isolates have worse
outcomes than those with blaOXA-23-negative
strains.

Conclusions

This study demonstrates that pandrug-resistant
and extensively drug-resistant P. aeruginosa are
alarmingly prevalent among hospitalised patients
in southern lIraq, particularly those with burn
injuries. The biofilm-associated gene algD is
nearly ubiquitous, and its co-occurrence with the
carbapenemase gene blaOXA-23is strongly
associated with the most resistant phenotypes.
While algD itself is not a resistance gene, its role
in  biofiim  formation likely creates a
microenvironment that favours the survival and
persistence of carbapenemase-producing
strains. These findings underscore the urgent
need for integrated molecular surveillance,
stricter infection control measures, and antibiotic
stewardship programmes in Iraqgi hospitals.
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