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Abstract

It is estimated that about 20% of all hospital-acquired infections can be at-
tributed to environmental contamination. Acinetobacter baumannii has been identi-
fied as the primary pathogen, posing a significant hazard to human health. This
work aims to evaluate the frequency, and pattern of antibiotic resistance, as well as
the correlation between biofilm production and the distribution of biofilm-related
genotypes in multidrug-resistant A. baumannii samples isolated from a tertiary hos-
pital environment in Baghdad, Iraq. Conventional methods, biochemical analysis,
the VITEK-2 compact system, and blaoxa-51 gene amplification were employed to
identify suspected isolates. The biofilm-forming capability and antibiotic suscepti-
bility were assessed using the microtiter plate technique and disk diffusion. Isolates
were then subjected to PCR technique targeting genes associated with biofilms, in-
cluding ompA, csuE, bap and blaPER-1. Of the 300 samples, 21.16% were identi-
fied and verified as A. baumannii samples by the presence of the blaoxa-51 gene in
all isolates. The highest distribution of environmental isolates was recorded in ven-
tilator (21.8%) followed by pillow and bed linens (14.5%), trolleys, bedside tables
(11.5%), floor (10.3%), food tables (9.2%), sink area (8%), Staff's hand (6.7%), in-
cubators (5.7%), doors knobs (4.6%), surgical blades (3.4%), Curtains (2.2%) and
the lowest distribution was observed in chairs (1.1%). The greatest percentage of
resistance was observed against Cefepime and Ciprofloxacin (100%), Ceftazidime
(97.7%), and Ceftriaxone (90%). The lowest degree was reported against Sulbac-
tam, representing 33.33%. Out of all the isolates, a significant majority (91.95%)
could form biofilms. These biofilm formers were further categorized based on their
level of biofilm production, with 20% classified as weak producers, 27.5% classi-
fied as moderate producers, and 52.5% classified as strong producers. The csuE
gene was the most common biofilm gene in 95.4% of the samples. The ompA gene
was found in 83.9% of the samples, followed by the bap gene in 80.5%. The bla-
PER-1 gene was the least prevalent, detected in only 10.6% of the samples. How-
ever, only biofilm-forming isolates contained blaPER-1, bap and ompA. Converse-
ly, all biofilm-producing and non-biofilm-producing A. baumannii were found to
harbor the csuE gene. In various samples obtained from hospital environments, our
investigation revealed a substantial incidence of multi-drug-resistant 4. baumanii.
Additionally, we observed a significant presence of genes associated with biofilm
formation. Therefore, it is crucial to enforce control measures to limit the dissemi-
nation and growth of A. baumannii.
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1. Introduction

Hospital-associated infections (HAIs) represent a significant worldwide contributor to
both mortality and morbidity rates [1, 2]. Bacteria play a major role in the cause of
healthcare-associated infections (HAIls), and Acinetobacter baumannii is one of the most
commonly encountered bacterial pathogens associated with HAIs [3]. It has been recognized
as the primary cause of the preponderance of infections acquired in healthcare settings, par-
ticularly in intensive care units, and is the most medically significant [4]. Wound infections,
meningitis, bloodstream infections, urinary tract infections, pneumonia, and bacteremia are
all caused by 4. baumannii [5, 6].
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The extensive use of antibiotics has been the primary cause of the significant in-
crease in the incidence of resistance to antibiotics in 4. baumannii isolated in recent years.
Consequently, various bacteria resistant to a broad spectrum of medications, including those
frequently employed and those used to treat multiple types of infections, have emerged [7, 8].
According to the WHO, 4. baumannii is the most significant disease in terms of importance
and the greatest hazard to human health [9]. The capacity of 4. baumannii to survive and
disseminate extensively in hospital environments has been cited as the reason for its success-
ful development as an endemic pathogenic organism in healthcare institutions [10, 11]. Re-
search has consistently shown that A. baumannii is prevalent on various surfaces within hos-
pital environments, with intensive care units being especially affected by this contamination
[12-14]. Long-term persistence is considered an important factor in hospital transmission of
this bacterium. In this context, patients become infected with 4. baumannii after coming into
contact with healthcare staff carrying the pathogen or through contaminated environments
such as medical charts, pillows, laryngoscopes, bed curtains, bedside cabinets, telephones,
door handles, mops, patient lifting equipment, floors, sinks, ventilation grates, keyboards, as-
piration and ventilation equipment [15, 16].

A. baumannii's ability to survive in the hospital environment is affected by a variety of fac-
tors, such as the adhesion and colonization of epithelial cells, the formation of biofilms on
both living and non-living objects (environmental surfaces and medical devices implanted
in patients), and the ability to gain foreign genetic elements to improve its immunity to
host selection pressures and therapeutic antibiotics [17, 18]. The capacity of A. baumannii
to generate biofilm is primarily acknowledged as a successful approach to improving bac-
terial survival, dormancy in deeper layers of biofilm, adhesion to mucosal surfaces, and
persistence in hospital environments under challenging conditions, including disinfectant,
antibiotic, and desiccation exposure. This leads to infections that are difficult to treat and
persist [19]. In device-related infections, biofilm formation is a pathogenic mechanism that
enhances the survivability of inanimate objects, acting as a source for recurrent transmis-
sion [20,21].

B. The formation of the 4. baumannii biofilm is dependent on a variety of virulence factors,
such as outer membrane protein A (OmpA), CsuA/BABCDE chaperone-usher pili assem-
bly system, and biofilm-associated protein (Bap) [22]. This discovery was recently identi-
fied. A virulence gene known as bap is essential for the production of biofilm and inter-
cellular adhesion [23]. The development of biofilms is contingent upon enhancing
cell-to-cell adhesion and cell-surface adhesion on both abiotic and biotic surfaces by om-
PpA [24]. In addition, prior research has demonstrated that the blaPER-1 gene's expression
and occurrence promote the biofilm development and adhesion of bacteria to respiratory
epithelial cells [25]. The most common pili in bacteria are Csu pili, which are crucial for
forming biofilm on abiotic surfaces and for cell attachment [26]. The development of pilus
and biofilm production is prevented by the inactivation of csuE [27, 28].

Offering an alternative viewpoint to enhance comprehension of opportunistic A. baumannii
infections by determining the correlation between survivability factors in environmental iso-
lates and the possibility of spreading from the environment to the body of the patient could be
useful for minimizing 4. baumannii infections in hospital environments. Although there is a
significant amount of research on A. baumannii infections, especially in clinical settings,
more thorough studies need to be conducted that specifically investigate the occurrence and
distribution of biofilm-associated virulence genes in environmental isolates from hospitals in
Baghdad. This research seeks to fill this gap by systematically examining these facets.
Therefore, the primary objective of the current investigation is to ascertain the incidence, an-
timicrobial susceptibility, and correlation between biofilm productions and biofilm-related
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genes in multidrug-resistant A. baumannii isolates from various environmental sources in ter-
tiary hospitals in Baghdad, Iraq.

2. Materials and Methods
2.1 Sampling and isolation of A. baumannii

This research was conducted from July 2022 to February 2023. In Baghdad, Iraq, a total
of 300 environmental samples were collected from four distinct medical facilities and two
emergency departments within the three largest educational hospitals (Specialized Burn Hos-
pital, Ghazi Al-Hariri Hospital for Surgical Specialties, and Baghdad Teaching Hospital)
during the study period. The majority of these samples were randomly collected by swabbing
bed linens, ventilator inlets, pillows, bedside tables, staff's hand, food tables, blankets, chairs,
curtains, trolleys, baby incubators, bins, doorknobs, and surgical blades, as well as from the
sink area and floor. Sterile swabs that have been previously moistened in five ml brain-heart
infusion broth are followed by a (24-hour) incubation at (37°C). Subsequently, all enriched
samples were sub cultured onto CHROMagar Acinetobacter, MacConkey agar, and Blood
agar and incubated at 37°C for 24 hours. Afterward, the suspected colonies were confirmed
as A. baumannii according to culture characteristics, Gram stain and biochemical identifica-
tion such as indole production test, oxidase test, lactose fermentation test, Kligler iron agar
(KIA), motility test, urease production test, Voges- Proskauer test, catalase test, hemolysin
production, methyl red test, citrate utilization test and growth at 44°C [29]. The final confir-
mation was based on the existence of blaOXA-51-like genes, as previously described [30]. In
addition, the Vitek-2 system was employed to precisely identify each isolate by the manufac-
turer's instructions, as outlined below:

2.2 Bacterial Identification by VITEK-2 Compact System

The purpose of this investigation was to verify the suspected 4. baumannii colony among
the Gram-negative bacteria. In brief, a group of colonies from an overnight culture of envi-
ronmental isolates on MacConkey agar was selected and suspended in three milliliters of
normal saline via DENSICHEK® Plus (BioMérieux Inc DensiCHEK™, France) to match the
0.5 McFarland Standard. The cassette barcodes of the instrument and the GN cards (BioM¢-
rieux, France) were scanned to ensure traceability. A standardized bacterial inoculum was used
to inoculate the cards, and the cassette was inserted into the machine for verification. Finally,
the code was manually transmitted from the filling to the loading door for automated pro-
cessing from 5-8 hours of verification [31].

2.3 Antibiotic Susceptibility Test

Antimicrobial susceptibility testing was conducted according to the Clinical and Labora-
tory Standard Institute guidelines using the Kirby-Bauer disk diffusion method [32]. Briefly,
the McFarland 0.5 adjustment was implemented overnight to halt bacterial proliferation. A
sterile cotton swab was employed to apply the bacterial suspension to the surface of the Mul-
ler-Hinton agar plate. The plates were permitted to remain at room temperature for 30 minutes
after injection to absorb any excess moisture. The antibiotic disks were subsequently affixed to
the agar surface using sterile forceps. A panel of thirteen distinct antibiotics (Himedia/India)
was employed to evaluate A. baumannii isolates on Mueller Hinton agar plates. The an-
ti-biotics, which consisted of Piperacillin (100mg), Ceftazidime (30png), Ceftriaxone (30ug),
Amikacin (30pg), Colistin (10pg), Ampicillin/Sulbactam (10pg), Imipenem (10pg), Eryth-
romycin (15pg), Gentamicin (10pg), Ciprofloxacin (5pg), Trimethoprim/Sulfamethoxazole
(25ng), Doxycycline (30 pg), and Cefepime (30 pg) were added to an inoculated media and
incubated at 35°C for 18-24 hours. Subsequently, the results were classed as resistant, inter-
mediate susceptible or sensitive by the Clinical and Laboratory Standards Institute (CLSI)
guidelines [32]. Multidrug resistance (MDR) is defined as the ability of a microorganism to
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withstand the effects of at least one antibiotic from three or more distinct classes of antimi-
crobial agents. Extensively drug-resistant (XDR) isolates were defined as resistant to at least
one agent in all antimicrobial classes except two or fewer [33].

2.4 Biofilm Formation Assay

With a modest modification, the biofilm production in environmental isolates was quanti-
fied using the microtiter plate technique, as described by Ghasemi et al. [34]. In conclusion,
the bacterial isolates were cultivated in Tryptic-Soy Broth (TSB) at 37°C overnight while
supplemented with 0.5% glucose (Li-ofilchem, Italy). At a ratio of 1:40, all cultures have
been diluted in TSB with 0.5% glucose. Subsequently, 200uL. was dispersed in triplicate into
each well of microplates (SPL, Korea) and incubated at 37°C for 48 hours. Negative controls
were considered in the well with 200 L of TSB with 0.5% glucose. The wells were flushed
slowly with Phosphate Buffered Saline on multiple occasions, ensuring that adhering biofilms
were not affected, followed by fixation for 20 minutes with methyl alcohol and subsequently
air-dried at 20 to 25°C. After that, 0.1% safranin (Merck, Darmstadt, Germany) was used to
stain the wells.

The optical density (ODw) value of each well was determined using an ELISA reader,
with measurements obtained at a wavelength of 490 nm. The isolates were categorized into
four categories using the following formulas: The biofilm was regarded as detrimental. The
biofilm was considered feeble if the optical density (OD) was less than 0.062. Biofilm for-
mation was moderate if OD < 0.124, strong if OD < 0.248, and moderate if OD < 0.062.

2.5 The Extraction of DNA

Genomic DNA was extracted from an overnight culture of environmental isolates using a
QIAGEN Mini kit (QIAGEN, USA) in accordance with the manufacturer's prescribed proto-
cols for Gram-negative bacteria.

2.6 Detection of blaoxa-51 gene

All isolates were PCR-screened for blaOXA-51, with primer information in Table 1. To
create a 25uL reaction mixture, 2ul of extracted DNA template, 12.5uL of PCR master mixes,
1uL of forward and reverse primers, and nuclease-free water was added. Amplification pro-
cesses were carried out employing a thermal cycler under these conditions: 5 minutes of de-
naturation at 94°C, 30 cycles of 45 seconds at 94°C, 1 minute of annealing at 52°C, 1 minute of
extension at 72°C, and 6 minutes of extension at 72°C [30].

2.7 Gene Pattern Identification

As previously disclosed, PCR detected the csuE, blaPER-1, ompA, and bap genes in A. bau-
mannii environmental isolates [35]. Table 1 lists the primer sequences used in this study. The
PCR was conducted in a Thermocycler. The reactions were performed in a 25uL. mixture
with S5pL (5 ng) of extracted DNA, 1uL of each primer, and 12.5uL of PCR master mix (Bi-
oNeers, USA). PCR master mixes contain 0.4 mM dNTPs, three mM magnesium chloride,
and 0.08 U/L Taqg DNA polymerase. Biofilm-related gene PCR amplification involves 30
amplification cycles after a 4-minute denaturation phase at 94°C. Table 1 shows that each
cycle included a 45-second annealing phase at 94°C, a 1-minute extension phase at 72°C, and
a 1-minute annealing phase at a different temperature for each gene. Finally, the amplifica-
tion was extended at 72°C for 5 minutes [36]. After PCR, the amplified DNA was separated
on a 1.5% agarose gel (Merck, Darmstadt, Germany) and stained with ethidium bromide.
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Table 1: PCR Primers used in this study.

Target gene Amplicon Annealing References
Sequence primer (5'-=>3") size(bp) temperature

blapxA4-51 TAATGC TTT GAT CGG CCT TG 353 52 [30]

TGG ATT GCA CTT CAT CTT GG

CGTGCAGTAGCGTTAGGGTA

F
R
ompA F  CGCTTCTGCTGGTGCTGAAT 531 58 [35]
R
F

bap TACTTCCAATCCAATGCTAGGGAG 1225 55 [35]
GGTACCAATGCAG
R TTATCCACTTCCAATGATCAG-

CAACCAAACCGCTAC

csuE F ATGCATGTTCTCTG- 976 60 [35]
GACTGATGTTGAC
R CGACTTGTACCGTGACCG-
TATCTTGATAAG

blaPER-1 F  ATGAATGTCATTATAAAAGC 927 55 [35]
R AATTTGGGCTTAGGGCAAGAAA

2.8 Statistical Analysis

All data was verified and analyzed using SPSS software (version 27.0; Inc., New York,
USA). Frequencies and percentages were employed to characterize the descriptive data of the
bacterial isolates profile. Pearson's chi-square test was implemented to evaluate the relation-
ship between categorical variables in the biofilm intensity results. Furthermore, to anticipate
gene responses, multinomial logistic regression was implemented. A P-value of less than 0.05
was used to indicate statistical significance.

3. Results
3.1 Epidemiology/isolate Collection

A total of 87 (21.16%) A. baumannii isolates were identified in hospital environmental
samples during the investigation. These isolates were predominantly identified in hospitals
and originated from several types of environmental sources within hospital settings. The
morphological recognition of the organism that caused the illness was based on colonial
morphology, selective media, Gram's staining, and microscopy, as illustrated in Table 2.

Table 2: Identification of 4. baumannii by biochemical test.

NO. Biochemical test Results

1. Oxidase test -

2. Hemolysin production - v hemolysis
3. Microscopic shape Coccobacilli
4. Catalase production test +

5. Growth at 44°C +

6. Citrate utilization +

7. Lactose fermentation -

8. Gram stain -

0. Methyl red +

10. Urease production Variable
11. Voges- Proskauer -

12. Motility Non motile
13. Indol production -

14. Kliglar iron agar No gas, Alkaline slant, No H2S, No change bottom,

+ = Positive result, - = Negative result

Finally, the Vitek-2 compact system, the standard biochemical identification system for bac-
teria, was employed to further confirm the identification of A. baumannii isolates. The results
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of the Vitek2 compact system were consistent with those obtained from biochemical identifi-
cations, confirming that 87 (21.16%) of environmental isolates belonged to A. baumannii af-
ter 18 hrs of incubation with an accuracy of about 99 %, as illustrated in Figure 1.
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17_[BGLU - |18 |omaL - |ie_ Jaman - |20 |amnNE + |21 [BxvL - |22 |BAtap -
23 |ProA + |26 |uiP - [27 |PLE - |29 Jryra + [31 JURE - |32 ldsorR -
33 |sac - |34 |daTAG - |35 |dTRE - |3s [ciT + [37  [MNT + |39 |skG -
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Installed VITEK 2 Systems Version: 08.01

MIC Intarp 7 Guideline: ™ fic Inter ion Guideline:

Figure 1: Biochemical results by using VITEK-2 Compact system.

Additionally, the blaoxa-51 gene was identified in all of isolates, thereby verifying that the
bacteria were A. baumannii, as shown in Figure 2.

300 bp
200 bp

100 bp

353 bp

Figure 2: Agarose gel electrophoresis (1.5% agarose electrophoresis and staining for 1 hour
at 75 V with ethidium bromide). Lane M = marker with 100 bp. Lanes. 1-12 represent posi-
tive samples for blaoxa-51 gene with an amplicon size of 353bp. Lane C: Negative control.
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3.2 Prevalence of A. baumannii

The distribution of 4. baumannii isolates varied among the environmental samples col-
lected, depending on the isolation sources in each hospital ward. The present results showed
that the highest distribution was recovered from ventilator 19 (21.8%) followed by pillow and
bed linens 13 (14.5%), trolleys and bedside tables 10 (11.5%), floor 9 (10.3%), food tables 8
(9.2%), sink area 7 (8%), staff's hand 6 (6.7%), incubators 5 (5.7%), doors knobs 4 (4.6%),
surgical blades 3 (3.4%), Curtains 2 (2.2%) and finally chairs represented by 1 (1.1%), as il-
lustrated in Table 3.

Table 3: The frequency distribution of environmental isolates according to the source of iso-
lation.

] ] S Positive cul- Isolates Hospital source
Isolation site cultured ture No. (%) No (%) Hospital Hospital Hospital
No. 1 2 3
Pillow& Bed Linens 40 33 (15) 13 (14.5) 6 4 3
Ventilator 56 42 (19.2) 19 (21.8) 8 5 6
Incubators 12 9@4.1) 5(5.7) 3 1 1
Hand Staff 21 13 (5.9) 6(6.7) 2 1 3
Tr"”eyTsaijeliedSide 35 29 (13.2) 10 (11.5) 4 3 3
Sink Area 25 17 (7.8) 7(8) 3 2 2
Floor 30 23 (10.5) 9(10.3) 5 3 1
Surgical Blades 13 8(3.7) 334 1 1 1
Doors Knobs 16 10 (4.6) 4 (4.6) 2 1 1
Chairs 12 7(3.2) 1(1.1) 0 1 0
Curtains 13 8(3.7) 2(2.2) 2 0 0
Food Tables 27 20 (9.1) 8(9.2) 4 1 3
Total 300 219 87 40 23 24

3.3 Antibiotic Susceptibility Testing

Notably, all isolates of A. baumannii were considered MDR as they demonstrated resistance
to three or more classes of antimicrobial agents. Among the 87 test isolates, Cefepime and
Ciprofloxacin demonstrated the highest resistance (100%), followed by Ceftazidime (97.7%),
Ceftriaxone (90%), Piperacillin (87.35%), Amikacin  (82.75%),  Trime-
thoprim-Sulfamethoxazole (72.41%), Imipenem (70%), Gentamicin (69%), Doxycycline
(62%), Erythromycin (58.62%) and ultimately Ampicillin-Sulbactam represented (33.33%),
as illustrated in Figure 3.
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Figure 3: Antibiotic susceptibility test: CIP (ciprofloxacin); T/S  (trime-
thoprim/sulfamethoxazole); AK (Amikacin); IPM (Imipenem); A/S (ampicillin/sulbactam);
GEN (Gentamicin); CL (Colistin); DO (Doxycycline); CAZ (Ceftazidime); ERY (Erythro-
mycin); CPM (Cefepime); PIP (Piperacillin); CRO (ceftriaxone).

The most prevalent types of MDR included resistance Ceftriaxone, Imipenem, Cefepime,
Trimethoprim-Sulfamethoxazole, Ciprofloxacin, Doxycycline, Ceftazidime, Piperacillin,
Erythromycin, Gentamicin, and Amikacin with a frequency of 25% as shown in Table 4.

Table 4: Antibiotic Resistance Patterns.
No. of antimicrobial

Patterns of Antibiotic resistance No. of isolates
agents
5 Ceftazidime, Ciprofloxacin, Imipenem, Piperacillin, Ceftriaxone 8
7 Ciprofloxacin, Cefepime, Gentamicin, Amikacin, Imipenem, 14
Ceftriaxone, Ampicillin-Sulbactam
3 Cefepime, Ceftriaxone, Erythromycin, Ciprofloxacin Trime- 20
thoprim/Sulfamethoxazole. Amikacin, Piperacillin, Gentamicin
9 Ceftazidim, Piperacillin, Ampicillin/Sulbactam, Cefepime, 16

Imipenem, Gentamicin, Ciprofloxacin, Doxycycline, Amikacin
Ciprofloxacin, Cefepime, Imipenem, Ceftazidime, Trime-
10 thoprim-Sulfamethoxazole, Piperacillin, Erythromycin, Amika- 22
cin, Gentamicin, Ceftriaxone
Ceftriaxone, Imipenem, Cefepime, Trime-
11 thoprim-Sulfamethoxazole, Ciprofloxacin, Doxycycline, 25
Ceftazidime, Piperacillin, Erythromycin, Gentamicin, Amikacin

3.4 Characteristics of Biofilm Producers

This study assessed the biofilm-forming ability of polystyrene using 96-well cell culture
microtiter plates. The majority of environmental isolates could form varying degrees. The
mean ODs for all strains were 0.407 = 0.028 (Ranging from 0.016 to 0.866). Among the 87
test strains, 80 (91.95%) isolates were biofilm producers, of which 42 isolates (52.5%) were
considered strong biofilm producers, 22 (27.5%) were classified moderate, and 16 (20%)
were categorized as weak biofilm formers.
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3.5 Biofilm-Associated Genes

Biofilm-related genes were investigated in all of the A. baumannii. Out of 87 bio-
film/non-biofilm producer isolates, 83 (95.4%) tested positive for the csuE, 73 (83.9%) for the
ompA, 70 (80.5%) for the bap, and 31 (35.6%) for the blaPER-1, as detailed in Table 5.

Table 5: Correlation between biofilm production and biofilm-associated genes

Biofilm-Related Genes

Biofilm St

Strength ompA bap csuE blaPERI Statistical
N % N % N % N %

Sg";‘)‘g 42 100.0% 42 100.0% 42 100.0% 17 40.5%

M"(‘;‘;ate 19  864% 18 81.8% 20  90.9% 11 50.0%  Chi-square=17.38
o— *

Weak (16) 12 75.0% 10  625% 14  87.5% 3 18.8% Sig=0.043
No:l_?;;)ﬁl 0 0.0% 0 0.00% 7 1000% 0 0.00%

T(gt;;‘ 73 839% 70  80.5% 8  954% 31 35.6%
Chl-iqual‘ 20.247 23.771 33.096 9.548

Sig. 0.0001%* 0.0001%* 0.0001%* 0.008*

Moreover, all genes are identified in Figure 4. Among the positive isolates, the mean biomass
of biofilms for blaPER-1, csuE, ompA, and bap were 0.429 + 0.266, 0.381 + 0.174, 0.319 +
0.079, and 0.331 £ 0.411, relative to each. The strains harboring csuE, blaPER, bap, and
ompA genes exhibit a higher propensity to develop strong biofilms than isolates without these
genes

1225 bp
1000 bp

976 bp 976 bp 976 b
5 P 927bp

500 bp

531 bp 531 bp

Figure 4: Result of amplified biofilm-related genes. Visualization was accomplished using
1.5% agarose electrophoresis and staining for 1 hour at 75 V with ethidium bromide. Lane M
= marker with 100 bp. Positive samples for the ompA gene (531 bp) are shown in lanes 1 and
2. Lan 3: Positive bap gene (1225 bp). Lan 4, 5 and 6: Positive for csuE gene (976 bp). Lan7:
Positive for blaPER-1gene (927 bp). Lane 8: Negative control.

Statistical analysis (P < 0.05) revealed a significant correlation between biofilm production

and the presence of blaPER-1, ompA, csuE, and bap genes in the majority of the isolates.
Additionally, the findings of this investigation demonstrated that 95.4% of isolates contained
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the csuE gene, and there was no discernible correlation between the presence of this gene and
the development of biofilm. (P < 0.01). Conversely, blaPER-1, bap, and ompA genes were
significantly associated with biofilm formation in 35.6%, 80.5%, and 83.9% of the isolates,
respectively. Notably, both biofilm/non-biofilm producer isolates were found to carry the csuE
gene. Figure 5 summarizes that blaPER-1, bap, and ompA genes have only been identified in
A. baumannii isolates capable of forming biofilms.

H Strong 1 Moderate ®EWeak HNon-biofilm

45 100.0% 100.0% 100.0%

40.5%

Frequncies (%)

62.5%

100.0%
18.8%

0.00%

0.00% 0.00%

ompA bap csulE blaPERI1

Figure 5: Frequency of biofilm-associated genes.

Multiple logistic regression modeling was employed to assess the association between the
production of microbial biofilms and the total frequencies of genes involved in biofilm de-
velopment in environmental isolates using (non-biofilm, strong, moderate, and weak
groups) as a reference category variable, as indicated in Table 6. The present results re-
vealed that csuE, ompA, and bap exhibit a higher capacity to develop strong biofilms than
blaPERI, as follows: csuE (OR, 95% CI: 6.000 (2.696—13.355), with effect size B =1.792, P
= 0.017), followed by bap (OR, 95% CI: 4.200 (2.107-8.3718.371), with effect size B =
1.435, P =0.0001), and ompA (OR, 95% CI: 3.500 (1.843—-6.648), with effect size B = 1.253,
P =0.0001).

Table 6: Nominal Regression Models of biofilm-related genes.

95%ClI

iedgenes sty B SwBmor sig OR g O
ompA Strong 1.253 0.327 0.0001* 3.500 1.843 6.648
Moderate 0.460 0.369 0.213 1.583 0.769 3.262

bap Strong 1.435 0.352 0.0001* 4.200 2.107 8.371
Moderate 0.588 0.394 0.136 1.800 0.831 3.899
Strong 1.792 0.408 0.0001* 6.000 2.696 13.355

csuE Moderate 1.050 0.439 0.017* 2.857 1.208 6.757
Weak 0.693 0.463 0.134 2.000 0.807 4.955
S Strong 1.735 0.626 0.006* 5.667 1.661 19.336
Moderate 1.299 0.651 0.046* 3.667 1.023 13.143
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a. The reference category is: Weak for split file VAR00001 = ompA.
b. The reference category is: Weak for split file VAR00001 = bap.
c. The reference category is: Non-biofilm for split file VAR00001 = csuE.

d. The reference category is: Weak for split file VAR00001 = blaPERI.
B: size effect (size predict). OR: odds ratio. 95% CI: 95% Confidence Interval.

4. Discussion

A. baumannii is an opportunistic pathogen that has emerged as one of the most resilient
organisms capable of surviving in diverse environments, leading to heightened challenges in
healthcare settings. Consequently, hospital settings were the primary reservoirs of infectious
disorders caused by pathogenic microbes. However, the current more severe issue is the dis-
semination of antimicrobial-resistant microbes among community members and the envi-
ronment [37, 38].

In a hospital environment, the greatest risk of pathogen transmission is posed by the ac-
tions of healthcare personnel, such as the contamination of their hands and garments after
contact with a patient. Most previous investigations have focused on 4. baumannii isolates
from hospitals, even though the hospital environment is becoming an increasingly significant
reservoir of A. baumannii [39]. A limited number of investigations have concentrated on iso-
lates from population or environmental sites [40, 41].

The microorganism's ability to rapidly adapt to selective environmental stresses is under-
scored by the increasing global prevalence of A. baumannii strains resistant to most antimi-
crobial treatments [42]. Antibiotic-resistant gram-negative bacilli, such as MDR 4. bau-
mannii, are difficult to cure. Consequently, the capacity of MDR A. baumannii to endure and
thrive in various healthcare environments has established it as a substantial global contributor
to nosocomial infections [43-45].

Acinetobacter baumannii has been subjected to rigorous experiments to evaluate its sus-
ceptibility to various antibiotics. As illustrated in Figure 3, all isolates exhibited resistance to
at least one antibiotic in three or more categories, as indicated by the findings of the present
study. Consequently, the prevalence of MDR in isolates was 100%, consistent with compara-
ble investigations conducted in Iran [46]. Cefepime, Ciprofloxacin, and Ceftazidime exhibit-
ed the highest resistance, with a total of 100%. This pattern agrees with the results of Noori et
al. [47], who reported a complete resistance to Ceftazidime, Ciprofloxacin, and Piperacillin,
which is extremely similar to the current findings.

Nevertheless, Bastian et al. [48] found that resistance to ceftazidime and ciprofloxacin
was lower in their study than ours, even though they investigated a similar rate of resistance
to piperacillin. Furthermore, Ghadiri et al. [46] reported that resistance to Doxycycline,
Erythromycin, and Colistin was 61.11%, 56.67%, and 0%, respectively, which agrees with
the current findings. Ceftriaxone and imipenem exhibited a high resistance rate in a separate
study, while ampicillin/sulbactam and colistin exhibited a lower resistance rate, consistent
with the current findings [49].

The emergence of elevated resistance rates resulted from the overutilization of antibiotics

to treat A. baumannii infections in patients [50]. As a result, it is imperative to establish
guidelines for implementing infection control protocols to prevent the transmission of these
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strains in hospital settings [51]. The emergence of MDR isolates tends to be a particular
hotspot in Iraq, which raises serious concerns in the environment of hospitals.

Numerous studies have demonstrated that the production of biofilms is responsible for A.
baumannii's high resistance to many antibiotics and its resilient survival capacity in harsh
conditions [52,53,54]. The ability to establish biofilm is mainly regarded as a successful
strategy to enhance survival, stick to surfaces, dormancy, and long-term presence in hospital
environments under stressful conditions [36]. Indeed, previous epidemiological investigations
have demonstrated that biofilm development is a crucial virulence factor that allows A. bau-
mannii strains to persist and spread chronically over time in nosocomial infections and hos-
pital environments [55-57].

Intriguingly, the present investigation discovered that 92% of environmental isolates
could establish biofilms with varying capacities (Table 6). The results are consistent with the
findings of previous studies conducted by Khosravy et al. [58] and Smitran et al. [59], which
demonstrated that (90%) and (91.9%) of 4. baumannii isolates could form biofilms, respec-
tively. Conversely, other authors have also reported a greater capacity for biofilm formation.
All isolates were discovered to have the ability to generate biofilm in the research conducted
by Khalil ez al. [60]. In Jordan, Ababneh ef al. [61] conducted an additional study in which
all isolates could form biofilms.

The distribution of isolates among the collected environmental samples varied depending
on the isolation sources. According to Table 3, the ventilator had the highest distribution lev-
els of A. baumannii isolates (21.8%), followed by pillows and bed linens (14.5%), and chairs
(1.1%) had the lowest levels (1.1%) in the current study. The present findings are consistent
with the research conducted by Barbara et al. [62], which determined that the highest per-
centage of A. baumannii environmental isolates was from ventilators (37.5%), followed by
pillows and bed linens (25%). The situation above adversely affects hospital individuals, par-
ticularly those in surgical wards or intensive care units. Therefore, the high prevalence of A.
baumannii in various environmental sources within hospitals may suggest insufficient infec-
tion control protocols.

The isolates were classified into four categories based on their biofilm production capa-
bilities: non-biofilm, weak, moderate, and strong biofilm producers. Table 6 illustrates that 42
(48.27%) isolates exhibited a strong capacity for biofilm formation. Previous research has
demonstrated that 45.4% of 4. baumannii isolates establish a robust biofilm [63].

Acinetobacter baumannii has developed extraordinary antibiotic resistance due to the ac-
cumulation of numerous resistance genes in its genome. Numerous molecular and epidemio-
logical investigations have been conducted on the extensive repertoires of biofilm-related
genes. These genes allow the organisms to form biofilms and adhere to a diverse array of
surfaces and environments [34, 64,65]. The PCR results obtained indicated that the majority
of isolates exhibited a strong association between the frequency of virulence genes, including
ompA, csuE, bap, and blaPER 1, and the development of biofilms.

According to current findings, the ompA, csuE, bap, and blaPERI genes were simulta-
neously present in all strong biofilm-forming isolates (Table 6). Also, these genes were pre-
sent in some moderate biofilm producers and some weak producers. The findings are con-
sistent with previous investigations conducted in various countries [35, 66]. Yang et al. [67]
conducted an additional investigation that demonstrated that 4. baumannii strains that contain
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the bap, ompA, and csuE genes have a greater propensity to form strong biofilms than strains
that lack these genes.

However, the gene with the highest prevalence was csuE 83 (95.40%), with ompA 73
(83.90%), bap 70 (80.50%), and blaPERI 31 (35.60%) following in that order. These results
are consistent with previous investigations that reported that the most prevalent gene associ-
ated with biofilm in 4. baumannii isolates was csuE. Consequently, csuE was identified in
93.2% and 91.3% of isolates in the Monfared et al. [68] and Li et al. [69] studies, respective-
ly. However, the present findings suggest that environmental isolates that lack the cauE gene
are also capable of establishing biofilms. Elbehiry et al. [70] also discovered that the devel-
opment of A. baumannii biofilms was not reliant on cause, which is consistent with our find-
ings. In the same vein, Khoshnood et al. [71] discovered that the csuE gene was more fre-
quently present in strong biofilm producer strains than in weak or non-formers, but it was not
necessary for biofilm formation. This is supported by the fact that it encodes proteins essen-
tial for initiating biofilm production and improves biofilm mass and matrix amount formation
[72].

The ompA of A. baumannii is a critical virulence factor that facilitates biofilm production,

adhesion, and invasion on abiotic surfaces [73,74]. In the current investigation, molecular
analyses demonstrated that the ompA gene was present in 83.90% of environmental isolates
(Table 6). Similar results were observed in Iran and China, with 81% and 89.6% positive iso-
lates, respectively [35, 69]. Furthermore, analytical investigation verified a robust correlation
between biofilm production by isolates and the occurrence of the ompA.
Biofilm-related proteins are expressed on the surfaces of bacterial cells; numerous 4. bau-
mannii strains that possess the bap gene can establish biofilms on both living and non-living
surfaces [75]. bap serves several functions, including the preservation of the structure of fully
formed biofilms and the facilitation of initial biofilm adhesion and maturation [76]. Our re-
sults indicated that bap was detected in 80.50% of the analyzed isolates, as illustrated in Ta-
ble 6. Taiwan and China reported comparable outcomes of 81% and 85.81.7%, respectively
[63,69]. Additionally, the statistical investigation demonstrated a substantial association be-
tween the occurrence of bap and the production of microbial biofilms. Previous research
demonstrated a considerable difference in biofilm formation capabilities between isolates
containing the hap gene and those without it [77]. Hence, the current observations have veri-
fied that bap is a critical factor in biofilm development.

blaPER-1 was the least prevalent gene in our research, as it was detected in 35.6% of the
tested isolates, as detailed in Table 6. Qi et al. [78] discovered that blaPER-1 was present in
30.2% of the tested isolates, which is consistent with the current research. It is noteworthy
that prior investigations have verified a positive correlation between the blaPER-1 and the
development of microbial biofilms [79]. Additionally, previous research has indicated that A.
baumannii with blaPER-1 exhibited considerably higher biofilm production than those lack-
ing the gene [80]. Nevertheless, Sherif et al. [81] conducted a study that uncovered no corre-
lation between blaPER-1 and biofilm production. Therefore, it is probable that blaPERI im-
proves the adhesion capacity of cells that express this gene, although it may not consistently
contribute to biofilm production [82].

To reduce the incidence of opportunistic A. baumannii infections in hospital environ-
ments, it may be advantageous to establish a correlation between the survivability factors of
environmental isolates and the likelihood of their transmission from the environment to the
patient's body.
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Conclusion

Our results in the present investigation indicated that hospital environments could be a
substantial source of multidrug-resistant 4. baumannii isolates. Many A. baumannii strains
exhibited robust antimicrobial resistance to various antibiotic classes. Our findings demon-
strated that the majority of environmental 4. baumannii isolates exhibited strong bio-
film-forming capabilities. Our study also identified that bap, blaPER-1, and ompA are recog-
nized as biofilm-related genes in different strains of 4. baumannii, which may promote bio-
film production and aid in environmental adaptation. In contrast, the csuE gene did not ex-
hibit any correlation with the development of biofilm. The persistence and potential dissemi-
nation of multidrug-resistant and biofilm-producing bacteria, as well as their associated
genes, in hospital environments, pose a substantial public health concern. Consequently, the
propagation of A. baumannii infections in hospital environments is significantly reduced by
the early identification and implementation of appropriate control strategies.
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