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ABSTRACT

Background: Several factors play a role in the pathogenesis of Acinetobacter baumannii (A. baumannii). This study
aimed to determine the virulence genes of A. baumannii isolated from healthcare-associated bacteremia (HAB) in
pediatric patients, as well as their biofilm-forming ability and resistance to carbapenem antibiotics.

Methods: One hundred isolates of A. baumannii from healthcare-associated bacteremia in children, collected be-
tween January 2024 and January 2025, were subjected to biochemical identification using the API 20NE system,
and confirmation of A. baumannii was performed by PCR targeting the blaOXA-51-like gene. Biofilm formation
determination was quantified using the standard microtiter plate assay with crystal violet staining. Antimicrobial
susceptibility testing was conducted using the Kirby-Bauer disc diffusion method on Mueller-Hinton agar. Genetic
studies using the polymerase chain reaction (PCR) were performed to detect virulence-associated genes, including
bap, surAl, pld, csuE, ompA, kps, and iron acquisition genes (basD, entE, and tonB) [17-22]. Screening for carba-
penemase genes (blaOXA-23, blaOXA-24/40, blaOXA-58, blaNDM) was also conducted.

Results: A. baumannii was able to form strong biofilm in 20%, intermediate biofilm in 30%, and weak biofilm in
25% of the isolates. All A. baumannii isolates contained the bap and surA1l genes (100%), the pld gene (84%), and
the basD gene (79%).

Conclusions: The significant presence of bap and surAI genes among all imipenem-resistant and biofilm-forming
isolates highlights their central role in enhancing both virulence and antimicrobial resistance. Moreover, there are
significant correlations between imipenem resistance, omp33-36, and blaOXA-40, emphasizing the combined con-
tribution of altered membrane permeability and carbapenemase activity to resistance phenotypes. The association
of biofilm formation with blaOXA-23 and basD genes further reflects a multifactorial resistance strategy.
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virulence genes

Acinetobacter baumannii (A. baumannii) is an opportu-
nistic Gram-negative pathogen responsible for a broad
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spectrum of healthcare-associated infections, including
bacteremia, ventilator-associated pneumonia, urinary
tract infections, and wound infections [1,2]. Its clinical
importance stems from its remarkable ability to acquire
multidrug resistance (MDR), particularly to carbapen-
ems, which are often the last line of effective therapy
[3-7]. The World Health Organization has identified
carbapenem-resistant A. baumannii as a critical priority
pathogen, highlighting its global threat to public health
and the urgent need for the development of new antimi-
crobials [8]. This designation reflects its high preva-
lence in intensive care units, association with prolonged
hospital stays, and contribution to increased morbidity
and mortality [9-11].

In addition to antimicrobial resistance, A. baumannii
employs multiple virulence factors that enhance persis-
tence and pathogenicity, including biofilm formation,
capsular polysaccharides, outer membrane proteins,
phospholipases, and iron acquisition systems [12-22].
Biofilm formation plays a pivotal role in survival within
hospital environments, colonization of medical devices,
and protection against host immune responses and anti-
biotics [12-16]. Virulence genes, such as bap, surAl,
pld, and basD, contribute to adhesion, biofilm matura-
tion, membrane disruption, and iron acquisition, thereby
enhancing persistence and pathogenicity [17-20]. Addi-
tionally, carbapenemase genes such as blaOXA-23 and
blaOXA-40 are frequently detected in multidrug-resis-
tant strains, linking resistance mechanisms with viru-
lence traits [21-23]. The interplay between these genetic
determinants underscores the multifactorial strategies
employed by A. baumannii to thrive in hostile clinical
environments and complicate treatment outcomes [24].
Carbapenem resistance in 4. baumannii is primarily me-
diated by carbapenem-hydrolyzing class D p-lactamases
(CHDLs), notably OXA-type enzymes, and occasional-
ly by metallo-f-lactamases such as NDM [23-28]. Ad-
ditional mechanisms, including porin modifications
such as CarO loss, further enhance resistance [29].
Despite numerous reports worldwide, there is a lack of
data on the combined profiles of resistance, biofilm for-
mation, and virulence determinants in pediatric health-
care-associated bacteremia caused by A. baumannii.
Therefore, this study was designed to characterize anti-
microbial resistance, biofilm formation, and virulence
genes and assess their potential interrelationships in pe-
diatric isolates from a tertiary care hospital in Egypt.

MATERIALS AND METHODS

Methods

This cross-sectional study included 100 non-duplicate
A. baumannii isolates recovered from blood cultures of
pediatric patients with healthcare-associated bacteremia
at Mansoura University Children’s Hospital, Egypt, be-
tween January 2024 and January 2025. Healthcare-asso-
ciated infections (HAIs) were defined according to
CDC criteria. Ethical approval was obtained from the

Institutional Review Board of the Faculty of Medicine,
Mansoura University.

Blood culture collection and processing

Venous blood samples were collected aseptically from
pediatric patients using standard sterile technique. The
venipuncture site was disinfected with 2% chlorhexi-
dine in 70% isopropyl alcohol, and 1 - 4 mL of blood
was drawn and immediately inoculated into BACT/
ALERT® PF Plus pediatric bottles (bioMérieux,
France). The inoculated bottles were loaded into the
BACT/ALERT® 3D automated blood culture system
(bioM¢érieux, France) and incubated at 35 - 37°C for up
to 5 days or until a positive signal was detected.

Upon a positive signal, an aliquot was aseptically with-
drawn from the flagged bottle and subcultured onto the
following media: Blood agar base with 5% sheep blood
(Oxo0id™, UK), MacConkey Agar (Oxoid™, UK), and
CHROMagar™ Acinetobacter (CHROMagar, France)
for selective isolation of Acinetobacter baumannii.
Plates were incubated aerobically at 35 - 37°C for 18 -
24 hours.

Bacterial identification

Initial identification of isolates was based on colony
morphology, Gram staining, oxidase testing, and the
API 20NE system (bioMérieux, France). Confirmation
of A. baumannii was performed by PCR targeting the
blaOXA-51-like gene [23].

Antimicrobial susceptibility testing

Antimicrobial susceptibility was assessed using the Kir-
by-Bauer disc diffusion method on Mueller-Hinton
agar, and the results were interpreted according to Clini-
cal and Laboratory Standards Institute (CLSI) guide-
lines [30]. Multidrug resistance (MDR) was considered
non-susceptibility to at least one agent in three or more
antimicrobial categories.

Biofilm assay

Biofilm formation was quantified using the standard mi-
crotiter plate assay with crystal violet staining [12,13].
Biofilm production was classified as negative, weak,
moderate, or strong based on OD570 measurements. A.
baumannii ATCC 19606 was used as a reference con-
trol strain.

Molecular detection of virulence and resistance
genes

PCR assays were performed to detect virulence-asso-
ciated genes, including bap, surdl, pld, csuE, ompA,
kps, and iron acquisition genes (basD, entE, tonB) [17-
22]. Screening for carbapenemase genes (blaOXA-23,
blaOXA-24/40, blaOXA-58, blaNDM) was also con-
ducted [23-25].

Statistical analysis

Data were analyzed using SPP24. Numerical data were
represented as means + SDs, while qualitative data were
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Table 1. Genes, primer sequences, and annealing temperatures.

q Annealing
’ ’
Gene Primer sequence 5'—3 temperature (°C) Reference
F: 5-CAGCTCGTGTCGTGAGATGT-3
L R: 5-CGTAAGGGCCATGATGACTT-3 = [13]
F: 5 -TAATGCTTTGATCGG CCT TG-3
blaOXA- R: 5 -TGGATTGCACTTCATCTTGG-3 52 131
ba F: AGTTAAAGAAGGGCAAGAAG 58 [17)
P R: GGAGCACCACCTAACTGA
(Al F: CAATTGGTAGCTGGCGATCA 58 (18]
su R: TTAGGCGGGACTCAGCTTTT 51.8
basD F: CTCTTGCATGGCAACACCAC 60 [19]
R: CCAACGAGACCGCTTATGGT
bauA F: TGGCAAGGTGAAAATGCACG 60 20]
" R: GCCGCATATGCCATCAACTG
1d F: CCGTCAATTACGCCAAGCTG 60 21]
P R: CTGACGCTACCTGACGGTTT
F: ATTAGCCATGACCGGTGCTC
omp33-36 R: CCACCCCAAACATGGTCGTA 60 221
F: GGTTAGTTGGCCCCCTTAA
0L =] R: AGTTGAGCGAAAAGGGGATT = 23]
F: GATCGGATTGGAGAACCAGA
ARG R R: ATTTCTGACCGCATTTCCAT = 23]
Table 2. Antibiotic resistance rates of A. baumannii isolates.
Antibiotics No. (%)
Doxycycline 81 81
Trimethoprim/Sulfamethoxazole 42 42
Imipenem 74 74
Meropenem 74 74
Amikacin 58 58
Gentamicin 51 51
Tobramycin 72 72
Ciprofloxacin 55 55
Levofloxacin 29 29

Table 3. Frequency of virulence genes in 4. baumannii isolates.

Genes Frequency %
Bap 100
surAl 100
basD 79
bauA 19
pld 84
omp33-36 10
blaOXA-40 74
blaOXA-23 55
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Table 4. Association between MDR and biofilm formation and virulence genes.

MDR Biofilm formation
(n=66) (n=175) - p
No. % No. % R
Bap gene 66 100 75 100 p <0.001 *
surAl 66 100 75 100 p <0.001 *
54 81.8 .
basD 0.44 63 84 p *=0.033
bauA 10 0.2 | 15.15 11 14.7 p = 0.056
54 | 81.8 _
Pid 057 61 81.3 p=0.21
6 | 9.1 ~
omp33-36 073 8 10.7 p=0.7
blaOXA-40 52 o1 SI 78.8 56 74.7 p=0.38
blaOXA-23 39 03 | 9.1 46 61.3 p =0.03

* p is significant.

represented as numbers and percentages. Pearson's chi-
squared test was used to compare qualitative data, and
the significance level was set at p < 0.05. Also, the Kap-
pa test was used to establish the agreement between
qualitative data.

RESULTS

This study included 100 4. baumannii isolates obtained
from 52 (52%) males and 48 (48%) females with bac-
teremia, with a mean age of 48.9 + 11.5 years (data not
shown). 4. baumannii isolates demonstrated high resis-
tance to doxycycline (81%), imipenem and meropenem
(74%) each, and tobramycin (72%). The lowest resis-
tances were measured for levofloxacin (29%) and tri-
methoprim/sulfamethoxazole (42%). MDR was report-
ed among 66 isolates (66%), as shown in Table 2.
Seventy-five isolates of 4. baumannii showed the ca-
pacity to form biofilm, with strong biofilm in 20%, in-
termediate biofilm in 30%, and weak biofilm in 25% of
the isolates (data not shown).

All A. baumannii isolates harbored the bap and surAl
genes (100%), 84% possessed the pld gene, 79% had
the basD gene, and blaOXA-40 and blaOXA-23 were
detected in 74% and 55% of the isolates, respectively.
The least detected genes were omp33-36 (10%) and
bauA (19%), as shown in Table 3.

All MDR isolates harbored the bap and surAl genes
(100%), each with a strong and significant association,
as determined by the chi-squared test (p < 0.001). At the
same time, other genes had statistically insignificant
correlation between MDR and the presence of genes
(basD-p = 0.44, bauA-p = 0.2, Pld-p = 0.57, omp33-36-
p = 0.73, blaOXA-40-p = 0.15, blaOXA-23-p = 0.3).

Moreover, there was a substantial agreement (p <
0.001) between the biofilm-forming capacity and the
presence of bap and surAl genes, as well as a signifi-
cant association with the blaOXA-23 gene (p = 0.03)
and the basD gene (p = 0.033), while other genes had
insignificant association with biofilm (bauA-p = 0.056,
Pld-p = 0.12, omp33-36-p = 0.7, blaOXA-40-p = 0.8),
as shown in Table 4.

A significant association was found between biofilm
formation and MDR (p < 0.001). All isolates with imi-
penem resistance carried both bap and surAl genes,
with a substantial agreement between the presence of
omp33-36 and blaOXA-40 genes and imipenem resis-
tance (p = 0.01, p < 0.001, respectively) - data not
shown.

DISCUSSION

In this study, 4. baumannii isolates from pediatric
healthcare-associated bacteremia exhibited high levels
of antimicrobial resistance, particularly to carbapenems,
consistent with global reports of MDR and XDR pheno-
types [1-11]. Resistance rates in our isolates were simi-
lar to those reported in regional studies in Saudi Arabia
and Jordan [8,9] but higher than those observed in ear-
lier reports [10,11], reflecting the increasing selective
pressure and clonal dissemination of resistant strains.

Biofilm formation was detected in most isolates, with
strong producers predominating, in agreement with ear-
lier studies [12-16]. Biofilm-producing strains were
more frequently resistant to multiple antibiotics, sup-
porting the established convergence of biofilm forma-
tion and antimicrobial resistance [13,14]. These findings
emphasize the clinical challenges posed by biofilm-as-
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sociated A. baumannii infections, particularly in blood-
stream and device-related infections.

Virulence gene profiling demonstrated a high preva-
lence of bap, ompA, kps, and iron acquisition genes, un-
derscoring the multifactorial mechanisms underlying
persistence and pathogenicity [17-22]. The detection of
surAl and pld, both of which are associated with viru-
lence and survival, further highlights their role in pedi-
atric infections. The widespread occurrence of iron up-
take systems such as basD and tonB reflects the critical
role of iron acquisition in adaptation to the host envi-
ronment [21,22].

Molecular screening revealed diverse carbapenemase
genes, with blaOXA-23 being the most common, con-
sistent with global and regional reports [23-27]. The oc-
casional detection of blaNDM further underscores the
emerging threat of metallo-p-lactamases [25]. The con-
tribution of porin modifications, particularly CarO loss,
as described elsewhere [29], may also play a role in re-
sistance; however, this was not evaluated in our study.
Taken together, these findings demonstrate the coexist-
ence of extensive drug resistance, strong biofilm pro-
duction, and multiple virulence determinants in pediat-
ric A. baumannii isolates. The clinical implications in-
clude limited therapeutic options, prolonged hospital
stays, and increased risk of treatment failure. These re-
sults highlight the urgent need for stringent infection
control measures, continuous molecular surveillance,
and stewardship programs tailored to pediatric popula-
tions to combat this pathogen.

Future research should focus on elucidating the molec-
ular pathways linking biofilm formation and resistance
mechanisms, as well as exploring novel therapeutic stra-
tegies, such as anti-biofilm agents, bacteriophage thera-
py, and inhibitors targeting OXA-type carbapenemases.
In addition, large-scale genomic surveillance studies are
warranted to monitor the evolution of resistance and vir-
ulence determinants in pediatric settings. Developing al-
ternative treatment modalities, including immunothera-
pies or vaccines targeting conserved virulence factors,
may offer promising approaches to reduce the morbidity
and mortality associated with multidrug-resistant A.
baumannii.

CONCLUSION

This study highlights the alarming burden of A. bau-
mannii in pediatric healthcare-associated bacteremia,
characterized by high multidrug and carbapenem resis-
tance rates, robust biofilm-forming ability, and the
widespread presence of key virulence genes. The signif-
icant associations between biofilm formation, bap and
surAl genes, and resistance determinants such as
blaOXA-23 underscore the synergistic interplay be-
tween antimicrobial resistance and pathogenicity.
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