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Abstract

Introduction Acinetobacter baumannii is a significant biofilm-producer and antibiotic-resistant pathogen associated
with various infections caused in humans. This study aimed to investigate the expression level of the bap gene in
multidrug-resistant and biofilm-producer clinical isolates of A. baumannii.

Materials and methods One Hundred A. baumannii clinical isolates were collected from hospitalized patients and
identified by phenotypic and genotypic tests. The antibiotic resistance pattern of the isolates was determined by
the disk agar diffusion method. The ability of biofilm production was investigated using the microtiter plate test. This
study employed the Real-time PCR method to evaluate the expression level of the bap gene.

Results Ninety nine percent A. baumannii isolates were MDR. However, the highest resistance rate was observed
against ciprofloxacin (100%), while ceftazidime was the most effective drug. Also, 49%, 49%, and 2% of the isolates
were strong, moderate, and weak biofilm-producing, respectively. However, we detected no strain without the ability
to produce biofilm. Most strong and moderate biofilm-former isolates were non-susceptible to all tested antibiotics.
An increased expression level of the bap gene was detected in 99% of the isolates. The results of the present study
suggest a correlation between the bap gene expression level and the development of multidrug resistance and
biofilm formation in A. baumannii isolates.

Conclusion This research emphasizes the importance of biofilm formation in the emergence of multidrug-resistant
A. baumannii strains in healthcare settings, making them progressively difficult to control. The bap gene may be a
considerable target for the development of novel anti-A. baumannii treatment option and eradication of the biofilm
formation by this organism.
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Introduction

Several factors, such as misuse or overuse of antibiotics
and the emergence of biofilm in patients with chronic
infectious diseases or recurrent infections can contribute
to the emergence of antimicrobial resistance (AMR) in
different bacteria. Besides, the antibiotic resistance level
is more reported in low and middle-income countries [1].
Due to the genomic plasticity of Acinetobacter bauman-
nii, the number of multidrug-resistant (MDR) isolates of
this organism is increased, resulting in limited treatment
options and an increased mortality rate [2]. This organ-
ism is reported as a top 10 threat due to the high-level
antibiotic resistance and potential pathogenic character-
istics, such as environment persistence, surface adhesion,
host cell invasion, and escape from the host’s immune
system [1]. A. baumannii is a gram-negative opportu-
nistic pathogen causing different clinical infections, pre-
dominantly in immunocompromised and hospitalized
patients [3]. This organism has developed a high resis-
tance to traditional antibiotics, making it difficult to erad-
icate in clinical settings [4]. Biofilm formation is a crucial
mechanism used by A. baumannii to survive and colo-
nize different biotic and abiotic surfaces, such as wounds,
medical devices, and catheters, in healthcare settings [5,
6]. Biofilm protects bacteria when exposed to antibiotics,
environmental stresses, temperature, pH fluctuations,
desiccation, and the host immune system, boosting bac-
terial virulence [7]. Also, biofilms provide nutrients to
bacteria and facilitate the transfer of resistance genes,
resulting in the emergence of multidrug-resistant (MDR)
clones [8]. A 26—60% morbidity and mortality rate was
reported by A. baumannii, while this rate is higher when
the MDR isolates are distributed in hospitals [9]. These
characteristics have led to the introduction of this organ-
ism as one of the most significant high-priority critical
pathogens by WHO [9].

Several microbial structures, including adhesins,
polysaccharides, surface appendages, proteins, chap-
eron-usher pilus, etc., are significant in the creation
and maintenance of the A. baumannii biofilms [6].
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Fig. 1 All the procedures that are done in Materials and Methods
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Biofilm-associated protein (Bap) is a high-molecular-
weight protein exposed on the surface of A. baumannii,
assisting cell-cell adhesion, interactions between the bac-
teria and environment, and formation and maturation of
biofilm [10]. The Bap in A. baumannii is associated with
a strong biofilm formation. This protein is secreted by a
type I secretion system and targets the host cells’ carbo-
hydrates [9]. The bap gene, encoding the biofilm-associ-
ated protein, is a molecular marker found in the genome
of A. baumannii and has been identified as a potential
target for managing multidrug resistance in A. baumannii
[11, 12]. The overexpression of the bap gene is associated
with increased adherence of the bacteria to the human
epithelial cells, biofilm production, and the emergence
of multidrug resistance phenotype by A. baumannii [9].
Antimicrobial resistance by biofilm-embedded cells is
due to diffusion inhibition of the antibiotics, decreased
growth rate of the bacteria, antimicrobial tolerance of the
persister cells in biofilm, and change in the bacterial mor-
phology due to environmental stresses [9]. Several stud-
ies have shown a positive correlation between antibiotic
resistance and biofilm formation [13—15] and the emer-
gence of MDR isolates among high biofilm-producer A.
baumannii [16, 17]. These data suggest that the overex-
pression of the bap gene has significant implications in
clinical practice, making it more challenging to prevent
and treat infections caused by biofilm-producer A. bau-
mannii [18]. Thus, we aimed to assess the role of bap
gene overexpression in the ability of biofilm production
and the emergence of MDR phenotype in clinical isolates
of A. baumannii.

Materials and methods

All the procedures done in the Materials and Methods
section are shown in Fig. 1. The A. baumannii isolates
were collected from hospitals and were identified by
phenotypic and genotypic methods. Then, the antibiotic
susceptibility pattern of the isolates was detected using
the disk agar diffusion method, and the biofilm-producer
isolates were identified by microtiter plate test. Next, the
Real-time method was used to assess the expression level
of the bap gene in isolates.

Study design, collection, isolation, and identification of
bacterial strains

This study was approved by the Ethics Commit-
tee of Mazandaran University of Medical Science
(MAZUMS), Iran) with the ethics number IRMAZUMS.
REC.1401.14299. This cross-sectional study was con-
ducted from March 2022 to August 2022 in Sari city,
North of Iran. One Hundred non-duplicated A. bauman-
nii clinical isolates were collected in the present study.
The bacteria were isolated from different clinical samples
at a burn hospital affiliated with Mazandaran University
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of Medical Sciences in Iran. The isolates were identified
again as A. baumannii using microbiological and bio-
chemical standard tests and were confirmed by testing
the presence of blay,_s; gene using Polymerase Chain
Reaction (PCR) [19].

Molecular identification of the isolates by PCR

The genomic DNAs of the A. baumannii clinical isolates
were extracted using the alkaline lysis method, employ-
ing Sodium Dodecyl Sulfate and NaOH [20]. The quality
of the extracted DNAs was determined by the evaluation
of the optical density (OD) of the DNAs using a Nano-
Drop (ND1000, USA) and electrophoresis of the prod-
ucts on a 1% agarose gel (Wizbiosolutions, South Korea).
The PCR test was performed using a specific primer pair,
including blagy,_s;-F-5-TAATGCTTTGATCGGCCTT
G-3', and blagy,_s;-R-5-"TGGATTGCACTTCATCTTG
G-3/, as previously described [21]. The PCR reaction was
conducted in a final volume of 15 pl (uL) containing 7.5
uL of Master Mix, 0.5 pL of each primer, 5.5 pL of dis-
tilled water, and 300 ng (1 pL) of DNA. The initial dena-
turation step was performed at 94 °C for three min. Then,
35 cycles of denaturation at 94 °C for 45 s, annealing at
60 °C for one min, and extension at 72 °C for one min,
along with a final amplification step at 72 °C for five min,
were done. The PCR products were electrophoresed on a
1% agarose gel (Wizbiosolutions) with 1.5 pl of Safe Stain
(SinaClon, Iran).

Antibiotic susceptibility testing

The antibiotic resistance pattern of the isolates was deter-
mined using the Kirby-Bauer disk agar diffusion method,
according to the Clinical and Laboratory Standards
Institute (CLSI) guidelines [22]. The antibiotics tested
in this study included: Doripenem (10 pg), Meropenem
(10 pg), Imipenem (10 pg), Trimethoprim/Sulfamethoxa-
zole (1.25/23.75 pg), Piperacillin (100 pg), Piperacillin/
Tazobactam (100/10 pg), Cefepime (30 pg), Ceftazidime
(30 pg), Ceftriaxone (30 pg), Levofloxacin (5 pg), Cip-
rofloxacin (5 pg), Gentamicin (10 pg), and Tobramycin
(10 pg) (Liofilchem, Italy). Escherichia coli ATCC 25,922
was used as a quality control strain in antibiotic suscepti-
bility testing [22]. The Acinetobacter baumannii-non-sus-
ceptible to at least one drug in at least 3 of the following
categories was defined as MDR isolate.

(1) Extended-spectrum cephalosporins (cefepime,
ceftazidime, ceftriaxone, cefotaxime) (2) Fluoroquino-
lones (ciprofloxacin, levofloxacin) (3) Aminoglycosides
(amikacin, gentamicin, tobramycin) (4) Carbapenems
(imipenem, meropenem, doripenem) (5) Piperacillin/
tazobactam (6) Ampicillin/sulbactam [23].
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Biofilm production assay

The ability of A. baumannii clinical isolates to produce
biofilms was detected using the microtiter plate method.
The bacterial cells were grown overnight at 37 °C in 10
mL of Trypticase Soy Broth (TSB) (Merck, Germany).
A 96-well flat-bottomed polystyrene tissue culture plate
(three wells for each strain) was filled with 20 pL of over-
night culture (equivalent to 0.5 McFarland standard) and
180 pL of TSB medium and incubated overnight at 37 °C.
Then, the wells were rinsed with Phosphate Buffer Saline
(PBS) three times to remove free-floating bacteria. The
adhered cells were fixed by adding the absolute metha-
nol (Merck) for 15 min, and then the methanol was dis-
carded, and the wells were air-dried. Next, the wells were
stained with 0.2 mL of 0.1% (v/v) Hucker crystal violet
for 15 min and then washed with tap water. After drying
the plates in the air, the dyes attached to the adhered cells
were dissolved in 200 pL of 33% (v/v) glacial acetic acid
(Merck) at 37 °C for 15 min. Then, the optical density
of each well was measured at 630 nm using an enzyme-
linked immunosorbent assay (ELISA) reader (Stat Fax
2100). The biofilm-producing reference strain A. bau-
mannii ATCC 19,606 was used as a positive control
[24]. Also, the uninoculated wells containing the sterile
broth medium were used as negative controls. An opti-
cal density cut-off (ODc) value was recognized as three
standard deviations above the average of negative con-
trol optical density. The isolates were divided into four
groups according to their OD results, including non-
biofilm producer (OD<ODc), weak biofilm producer
(ODc<OD<2x ODc), moderate biofilm producer (2x
ODc<OD<4 x ODc), and strong biofilm producer (4x
ODc<OD) [14].

RNA extraction and cDNA synthesis

The total RNAs of the isolates were extracted manually
using a pure YTzol RNA solution (Wizbiosolutions). The
24-hour pure cultured bacteria were homogenized by
stirring in one mL of sterile normal saline and were cen-
trifuged at 12,000 rpm for 10 min at 4 °C. The superna-
tant was removed, and 200 pL of cold YTzol solution was
added to the bacterial sediment. Then, the suspension
was vortexed for five seconds to homogenize and incu-
bated for five min at 4 °C. Subsequently, 200 uL of chlo-
roform solution was added, and the vial was shake until a
milky color changed. The sample was then incubated for
3 min and centrifuged at 12,000 rpm for 15 min at 4 °C.
This process established three distinct phases, and the
supernatant, containing the RNA molecules, was trans-
ferred to a separate vial. Isopropanol (500 puL) was added,
and the sample was placed on ice for 10 min and then
centrifuged at 12,000 rpm for 10 min (4 °C). The super-
natant was discarded and replaced with one mL of 70%
ethanol and centrifuged at 7500 rpm for five min (4 °C).
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The ethanol was discarded, and the sample was air-dried
under a biological hood. Finally, 50 pL of Diethyl pyrocar-
bonate (DEPC) treated water was added to the extracted
RNA and vortexed for five sec. The optical density of the
RNA was measured at 260/280 nm, and the products
were stored at -70 °C. Then, the extracted RNAs were
treated with RNase-free DNase I (Wizbiosolutions). The
complementary DNAs (cDNAs) were synthesized using
the Wizbiosolutions kit for cDNA synthesis, according to
the manufacturer’s instructions. Five pg of the extracted
RNA were added in a 20 pL final volume to synthesize
the cDNA using M-mulv reverse transcriptase and ran-
dom hexamer primer (Wizbiosolutions). The synthesized
cDNAs were stored at -20 °C until use.

Quantitative real-time-PCR

The qRT-PCR using the specific primer pair, includ-
ing bap-F-5-TAGACGCAATGGATAACG-3" and bap-
R-5-"TTAGAACCGATAACGATACC-3, was used to
detect the expression level of the bap gene, as previously
described [12]. The 16 S rRNA gene was used as a ref-
erence normalizing gene in RT-PCR, as previously des-
ignated by Sepahvand et al. [25]. The primer pair used
to determine the 16 S rRNA expression level included
16  S-rRNA-F-5-TCAGCTCGTGTCGTGAGATG-3’,
and 16 S-rRNA-R-5"-CGTAAGGGCCATGATG-3". The
fold-change increase of the bap gene expression was
quantified using the RQ=2 AACt (1 jvak method) com-
pared to the reference strain A. baumannii ATCC 15,308
[26]. All qRT-PCR reactions were carried out in a final
volume of 12.5 ul by an ABI 7300 thermocycler (Applied
Biosystems, Foster City, CA, USA). Each qRT-PCR reac-
tion contained 6.25 pl of 2X Syber Green Mastermix
(Takara, Japan), one pl of each primer, 0.2 pl of ROX dye,
3.05 pl of nuclease-free water, and one pl of template
cDNA. Both qRT-PCRs were done in two steps, including

Table 1 Antibiotic susceptibility profile of Acinetobacter
baumannii isolates in this study (n=100)

Antibiotics Resistant Inter- Sus-
mediate cep-
resistant  tible

Imipenem 97 1 2

Meropenem 98 1 1

Doripenem 97 0 3

Trimethoprim/Sulfamethoxazole 99 0 1

Piperacillin 97 1 2

Piperacillin/Tazobactam 95 2 3

Cefepime 99 0 1

Ceftazidime 93 0 7

Ceftriaxone 99 1 0

Levofloxacin 97 1 2

Ciprofloxacin 100 0 0

Gentamicin 94 0 6

Tobramycin 94 2 4
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an initial denaturation at 94 °C for 5 min, followed by 45
cycles, containing a denaturation at 94 °C for 20 s (16 S
rRNA) and 25 s (bap), annealing at 58 °C for 20 s (16 S
rRNA) and 62 °C for 40 s (bap), and an extension step at
72 °C for 20 s (16 S rRNA) and 50 s (bap).

A melting curve cycle was achieved on the SYBR chan-
nel at gain 70, using a ramping rate of 0.5 °C/10 s for
65-95 °C. Also, To verify the accuracy of the qRT-PCR
and the absence of false-positive reactions, a no-template
control (NTC) consisting of a negative control sample
without cDNA was incorporated into each step of the
experimental procedure. To ascertain amplification effi-
ciency, the qRT-PCR was done using serial dilutions of
the cDNA of the standard strain.

Statistical analysis

Data were assessed, checked for accuracy, and analyzed
using the Statistical Package for the Social Sciences
(SPSS) version 24 (IBM Corp, Armonk, NY.). The chi-
square and Fisher’s exact tests were used to determine the
relationship between the gene expression, the ability of
biofilm formation, and antibiotic resistance phenotypes
of A. baumannii. The total frequency of biofilm-related
genes in isolates was measured, and their association
with biofilm formation was further explored using the
Kruskal-Wallis H test. All analyses were conducted with
95% confidence, and P-values < 0.05 were considered sta-
tistically significant.

Results

Isolates identification and distribution

During the six months of the study period, 100 A. bau-
mannii clinical isolates were collected from patients hos-
pitalized in teaching and therapeutic hospitals. In the
present study, the age of the patients ranged from six
months to 88 years (mean age, 42.08 +25.08). Also, 50
(50%) isolates were obtained from males and others from
females. The majority of clinical isolates were collected
from adult burn wards (34%), Intensive Care Units (29%),
surgical wards (21%), and pediatric burn units (16%). The
bacterial isolates in this study were collected from the
wound (73%), urine (15%), and blood (12%) samples.

Antibiotic resistance profile of the isolates

It was detected that 99% of the A. baumannii isolates
were MDR. However, the highest resistance rate was
observed against ciprofloxacin (100%), trimethoprim-sul-
famethoxazole (99%), and ceftriaxone (99%). Ceftazidime
was the most effective drug in this study, while 93% of the
isolates were resistant to this antibiotic. The antibiotic
resistance pattern of the isolates is shown in Table 1.



Kakavan et al. BMC Microbiology (2025) 25:108

Relationship between antibiotic susceptibility and biofilm
formation

The biofilm formation capacity of the 100 A. baumannii
clinical isolates in this study showed that 49%, 49%, and
2% of isolates were strong, moderate, and weak biofilm
producers, respectively (Fig. 2).

However, we detected no strain without biofilm pro-
duction in this study. According to the relationship
between the biofilm formation ability and resistance to a
class of the antibiotics tested in this study, all the strong
biofilm-producer isolates (n=49) were non-susceptible
(resistant or intermediate resistant) against all classes,
except for aminoglycosides and cephalosporins, where 47
(95.91%) and 46 (93.87%) isolates showed this properties,
respectively (Fig. 3).

We found that most strong- and moderate biofilm-
producing isolates of A. baumannii were non-suscep-
tible against all antibiotics tested in the present study
(Table 2). However, there was a significant relationship
between the ability of biofilm production and non-sus-
ceptibility to all tested antibiotics (P<0.05).

Biofilm formation capacity and its relation to clinical
sample types and hospital wards

In this study, 34, 29, 21, and 16 isolates of A. bauman-
nii were collected from the burn, intensive care units
(ICUs), surgery, and pediatric wards in the studied hos-
pitals. Moreover, 73, 15, and 12 isolates were collected
from the wound, urine, and blood samples. However, 40
(54.79%) and 9 (60%) isolates collected from wound and
urine samples grouped as the strong biofilm-producer A.
baumannii, respectively (Fig. 4). None of the A. bauman-
nii isolated from blood cultures were strong biofilm pro-
ducers (Fig. 4). Also, 24 (70.58%) isolates collected from
the patients hospitalized in adult burn wards were strong
biofilm producers, while 20 (95.23%) isolates collected
in surgery sections were moderate biofilm producers

m Strong biofilm-producer (n=49) m Moderate biofilm-producer (n=49)
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Fig. 2 Result of the biofilm formation assay using the microtiter plate test

(Fig. 5). However, the weak biofilm-producer isolates
were not detected in adult burn wards and ICUs.

The bap gene expression level and its relation to biofilm
formation ability

Among 100 clinical isolates of A. baumannii in the pres-
ent study, 99 showed increased expression of the bap
gene (Fig. 6). However, 46 (46.46%) isolates had a 2-5-fold
increased expression of the bap gene, while 44 (95.65%)
belonged to the moderate biofilm-producer group. Also,
15 (15.15%) isolates showed a 6-10-fold increase in
expression, 15 (15.15%) isolates exhibited an 11-15-fold
increased expression, and a 16—20-fold increased expres-
sion of this gene was detected in 17 (17.17%) isolates. All
isolates in these three groups were detected as strong
biofilm producers. However, 7 (7.07) isolates exhibited
no change in the expression level of the bap gene, from
which five isolates were moderate biofilm producers,
and two others were weak biofilm producers. The strains
exhibiting strong biofilm formation ability showed more
bap gene expression levels. The Kruskal-Wallis H test
revealed a statistically significant association between
the expression of the bap gene and the biofilm formation

Weak biofilm-producer (n=2)
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Fig. 3 Relationship between the biofilm formation ability and resistance to a class of antibiotics
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Table 2 Relationship between the antibiotic resistance pattern
and the ability of biofilm production of Acinetobacter baumannii
isolates

Antibiotics Strong Moder- Weak P-
(N=49) ate (N=2) Val-
(N=49) ue
Doripenem NS 49 (100%) 47 1(50%) 0.030
(95.91%)
S 0 2 (4.08%) 1 (50%)
Meropenem NS 49 (100%) 48 2 0.027
(97.95%)  (100%)
S 0 1(204%) 0
Imipenem NS 49 (100%) 48 1(50%) 0.027
(97.95%)
S 0 1(2.04%) 1 (50%)
Trimethoprim/ NS 49 (100%) 48 2 0.027
Sulfamethoxazole (97.95%)  (100%)
S 0 1(2.04%) 0
Piperacillin NS 49 (100%) 48 1(50%) 0.027
(97.95%)
S 0 1(2.04%) 1 (50%)
Piperacillin-tazobactam NS 49 (100%) 47 1(50%) 0.030
(95.91%)
S 0 2 (4.08%) 1 (50%)
Cefepime NS 49 (100%) 48 2 0.027
(97.95%)  (100%)
S 0 1(2.04%) 0
Ceftazidime NS 46 45 2 0.048
(93.87%) (91.83%) (100%)
S 3(6.12%) 4(8.16%) O
Ceftriaxone NS 49 (100%) 49 (100%) 2 0.001
(100%)
S 0 0 0
Levofloxacin NS 49 (100%) 47 2 0.030
(95.91%)  (100%)
S 0 2(4.08%) O
Ciprofloxacin NS 49 (100%) 49 (100%) 2 0.001
(100%)
S - - -
Gentamicin NS 47 46 1(50%) 0.037
(95.91%)  (93.87%)
S 2(4.08%) 3(6.12%) 1(50%)
Tobramycin NS 48 47 1(50%) 0.033
(97.95%)  (95.91%)
S 1(2.04%) 2(4.08%) 1(50%)

Abbreviations: NS, non-susceptible; S, susceptible; N, number

capacity of the A. baumannii clinical isolates in this study
(P-value <0.001).

Relationship between bap gene expression and antibiotic
resistance pattern of the isolates

The highest resistance rate against tested antibiotics
in the present study was in groups with an 11-15 and
16-20-fold increased level of the bap gene. All isolates
in these two groups were resistant to all antibiotics.
However, there was a significant statistical relationship
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between the overexpression of the bap gene and resis-
tance against antibiotics (Table 3).

Discussion
Acinetobacter baumannii is an opportunistic pathogen
colonizing various anatomical sites, including the skin,
oral cavities, respiratory system, conjunctiva, and urinary
and gastrointestinal tracts [27]. Due to the long-time per-
sistency in the environment, the transmission of nosoco-
mial infections typically occurs through direct healthcare
or indirect environmental contacts [28]. Biofilm forma-
tion causing the persistency of this pathogen in differ-
ent infections is related to multiple factors, among which
the Bap protein plays a significant role [29]. The present
study aimed to assess the biofilm formation ability of A.
baumannii isolated from wounds, bloodstream, and uri-
nary tract infections. Additionally, this study aimed to
explore the significance of the bap gene in the emergence
of multidrug-resistant and biofilm-producing clinical A.
baumannii isolates

Overall, 99% of the A. baumannii isolates in the present
study were MDR, and all were detected as biofilm-pro-
ducers, indicating that most MDR isolates are biofilm-
producers, as previously reported [30, 31]. The high
prevalence of antibiotic-resistant and biofilm-producer A.
baumannii was reported by other studies, indicating the
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significance of this pathogen in clinical settings [8, 12, 32,
33]. However, the lower prevalence of biofilm-producer
A. baumannii in some studies may be due to the differ-
ent sources, time of study, and different rates of antibiotic
consumption [30, 34, 35]. Biofilm production is a signifi-
cant strategy by A. baumannii to overcome the antibiot-
ics [8, 12, 30]. The complex mixture of biofilms enclosed
by polysaccharides makes them resistant to different
classes of antibiotics [32]. Biofilms can cause the bacteria
bind the biotic and abiotic surfaces [32]. Also, the capac-
ity of the A. baumannii clinical isolates to produce bio-
film could be related to the pathogenicity of the isolates
[36]. Kaihang et al. reported that 13.3%, 66.7%, and 20%
of isolates collected from survived patients were weak,
medium, and strong biofilm-producing, while these rates
in dead persons were 6.7%, 83.3%, and 10%, respectively
[36]. However, we found that all strong biofilm-producer
A. baumannii were non-susceptible to tested antibiotics,
except gentamicin, tobramycin, and ceftazidime. Also, we
reported that 91% to almost 98% of the moderate biofilm-
producing isolates were non-susceptible to antibiotics.
These data indicate the relationship between antibiotic
resistance and the power of biofilm formation, which may
be due to the imperfect diffusion of antibiotics in biofilm,
neutralization of the antibiotics, various functions, and
slow growth rate of the bacteria in the depth of biofilm
[8]. Inappropriate antibiotic stewardship, easy access, and
arbitrary use of antibiotics are the possible reasons for

high-level antibiotic resistance and biofilm production in
A. baumannii clinical isolates in the present study. How-
ever, bacterial exposure to certain antibiotics can cause
increased biofilm formation ability [8]. On the other
hand, the selective pressure due to indiscriminate use of
broad-spectrum antibiotics causes a high-level resistance
in some specific hospital wards [30]. However, 50% and
29% of our isolates were collected from the burn wards
and ICUs, respectively

The frequency of the bap gene has been investigated
in several studies using the PCR method. In research by
Saadati et al., 2021, 89% of A. baumannii isolates were
bap-positive [37]. They reported an 84% prevalence of
biofilm-producer A. baumannii, while 3.57% of these
isolates exhibited a strong capacity for biofilm forma-
tion. These discrepancies with our study may be due to
the source of the isolates, while 73% of our isolates were
collected from wound infections [32]. Another research
conducted by Rouhi et al. in 2020 reported a 53.42%
prevalence of the bap gene, while 6.84%, 34.24%, and
10.95% of the isolates were weak, moderate, and strong-
biofilm-producers, respectively [38]. This discrepancy
may be due to the different clinical samples and anti-
biotic stewardship. However, the antibiotic resistance
rates were significantly different between the two stud-
ies. Also, Mahmoudi et al. in 2019 detected that 70.3% of
their A. baumannii isolates contained the bap gene, while
28.0%, 31.4%, and 13.6% of the isolates exhibited a weak,
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Table 3 Association between bap gene expression and antibiotic resistance pattern of the isolates

Increased

No. (%) of the isolates non-susceptible to antibiotics
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(NS
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fold change
of bap gene
expression
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45 (45.45%)

5(5.10%)
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5(5.15%)

45

No change
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moderate, and strong ability to produce biofilm, respec-
tively [39]. Other Iranian studies observed a 97.67% and
98% prevalence of the bap gene among A. baumannii
clinical isolates [29, 40]. Also, Khoshnood et al. reported
a 91.4% frequency of the bap gene in A. baumannii iso-
lates, while all strong and moderate biofilm producers
contained this gene [41]. This result was concordant with
our study that 98% of the isolates were strong and moder-
ate biofilm-producers, and the bap gene overexpression
was detected in 99% of the isolates. There was a direct
correlation between the intensity of biofilm production
and bap gene expression in the present study. We found
that the strong-biofilm-producer isolates had the highest
levels of bap gene expression. The Bap protein is associ-
ated with a strong biofilm formation in A. baumannii [9].
However, there are several genes related to the biofilm
production in A. baumannii other than the bap gene [6]
On the other hand, the majority of the wound and urine
isolates were strong biofilm producers, and none of the
A. baumannii isolates from bloodstream infections show
this phenotype, as shown in Fig. 4. However, Vijayakumar
et al. reported that their blood isolates produced weak
biofilm compared to the sputum isolates that were strong
biofilm-formers [42]. This result shows the importance
of biofilm production for the adherence of the bacteria
to burned skin and urinary tracts. Probably the blood
flow can prevent bacterial attachment to the surfaces
and formation of the biofilms. Contrary to our results,
Vijayakumar et al. did not find a correlation between the
biofilm formation capacity and the MDR phenotype [42].
However, Shakib et al. detected a significant difference
between the expression of the bap gene and the type of
clinical samples [29]. They found that the A. baumannii
isolated from the sputum and wound samples have the
highest expression level of the bap gene (P<0.0001) [29]
Our findings suggest that the bap gene may be a poten-
tial target and new strategy to prevent and treat the
infections caused by the MDR and biofilm-producing A.
baumannii, as this relationship has been demonstrated
by other studies [12, 29]. Also, Goh et al. showed that 23
(95.83%) carbapenem-resistant ST92 clinical isolates of
A. baumannii collected from hospital outbreaks in Aus-
tralia overexpressed the bap gene [43]. They reported a
significant correlation between the expression of the bap
gene and the strong biofilm formation by A. baumannii.
Nevertheless, it is imperative to acknowledge that sub-
stantial knowledge is yet to be acquired regarding the
complex relationships between bacterial genes and envi-
ronmental factors in these mechanisms. One limitation
of our study is that we focused solely on the expression of
the bap gene and did not investigate other potential fac-
tors associated with antibiotic resistance and biofilm for-
mation. However, our findings suggest that the bap gene
may serve as a diagnostic marker or therapeutic target for
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multidrug-resistant and biofilm-producing A. baumannii
infections

Conclusion

The investigation of bap gene expression in multidrug-
resistant and biofilm-producing clinical Acinetobacter
baumannii has yielded important insights into the
mechanisms underlying antibiotic resistance and bio-
film formation in this pathogen. Although several viru-
lence factors are related to biofilm production and the
emergence of antibiotic resistance, our results indicate
that an increased bap gene expression is linked to mul-
tidrug resistance and biofilm formation in A. baumannii
isolates. However, the bap gene may be a considerable
target to develop a novel anti-A. baumannii treatment
option, as suggested by our findings. Furthermore, this
research emphasizes the significance of continual sur-
veillance of A. baumannii strains in medical facilities,
given their propensity to rapidly acquire resistance to
numerous antibiotics, making them progressively chal-
lenging to manage. In summary, this study improves our
understanding of the pathogenic nature of A. baumannii,
resulting in a basis for future investigations focused on
devising innovative therapeutic approaches to counteract
this significant pathogen associated with health care

Limitations

Considering the multifactoriality of biofilm production
in Acinetobacter baumannii, one limitation of this study
was that we did not investigate other virulence factors
related to biofilm production. Also, this study could have
been performed in hospitals with different specialties to
compare with the burn center
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