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Abstract: 

 

Acinetobacter baumannii is an opportunistic pathogen that affects persons with 

weakened immune systems and causes nosocomial infections due to its antibiotic resistance. Because 

of the global proliferation of multidrug resistance bacteria and biofilm development-ability to survive 

on dry surfaces aid in proliferation in a variety of healthcare environments, this study focuses on 

identifying the relevant gene for biofilm development and antibiotic resistance. Acinetobacter 

baumannii clinical isolates (150) were recovered from BSMMU in Dhaka. For A. baumannii pure 

strain identification; Biochemical tests and PCR (Polymerase chain reaction) were performed and 

validated using Agarose gel-electrophoresis. After verifying pure strains, the antibiotic susceptibility 

test was performed using the Kirby-Bauer disc diffusion method and biofilm development was 

assessed using the 96-well microtiter plate method. Furthermore, PCR was used to screen both the 

carbapenem resistance gene and the biofilm generating gene. Out of 150 isolates, 109 were verified 

true positive with PCR analysis, enforcing additional research. AST was performed with medicines 

from several groups, the majority of them were MDR and mostly, Carbapenem resistant. PCR was 

performed for screening both MDR gene and biofilm producing gene, with 15.59% NDM gene being 

positive and the others yielding no significant results. Biofilm-related genes such as bap, blaPER-1, 

csuE, and ompA were reported to be frequent at 88.98%, 56.88%, 84.40%, and 83.48%, respectively, 

in all biofilm generating isolates (24.77%) strong, (33.02%) moderate, and (10.09%) weak, (31.19) % 

non-biofilm forming. Our study focused on the prevalence and antibiotic -resistant pattern of the MDR 

A. baumannii, which is more common in clinical isolates, as well as biofilm producing capability and 

Biofilm-forming genes. It appears that effective surveillance and control actions are required to halt 

the CRAB outbreak in our country and healthcare settings. 

 

 

 

Keywords: Acinetobacter baumannii, PCR, Multidrug resistance, Carbapenem resistant gene, Biofilm 

formation. Biofilm forming gene. 
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Introduction: 

 

Acinetobacter baumannii is a gram-negative, aerobic, pleomorphic, non-motile Gram-negative bacilli. 

In recent years, it has been stated as a “red alert” human pathogen, causing concern among medical 

professionals due to its broad antibiotic resistance spectrum and susceptible hospitalized patients being 

the primary target for the pathogen. It is one of the most challenging infections for health-care facilities 

globally. Research indicates that Acinetobacter baumannii is responsible for around 12% of hospital-

acquired illnesses globally.(Howard et al., 2012). They have been thoroughly investigated in part 

because they account for at least 65% of all human infections, with a high prevalence in device-related 

transmission, on body surfaces causing respiratory infections, especially in patients on ventilation 

devices, urinary tract infections, bloodstream infections, skin infections, and so on. Also its clinical 

significance in the last 15 years has been fueled by its exceptional ability to acquire resistant 

determinants, making it one of the most challenging organisms from the current antibiotic era (Howard 

et al., 2012; Raut et al., 2020; Valcek et al., n.d.).  

 A recent investigation indicated the ability of A. baumannii to rapidly develop resistance to numerous 

antimicrobials, resulting in the establishment of strains that are resistant to multiple drugs (McConnell 

et al., 2013). The majority of A. baumannii infections are induced by healthcare equipment or 

interaction with someone who has been exposed to the bacterium from another affected patient. A. 

baumannii features a specialized arsenal of virulence factors that generate physiological benefits at 

various stages of pathogenesis, beginning with host immune response survival and proceeding to host 

cell adhesion, internalization, and apoptosis. (Shadan et al., 2023). 

This ability to develop resistance facilitates Acinetobacter baumannii to persist for extended periods 

of time in the hospital environment. Basically, increases duration of hospital stay and increase health 

care expenses. The 2013 antimicrobial resistance report from the Centres for Disease Control classified 

multi-drug resistant Acinetobacter as a "Serious" issue. Even though Acinetobacter is not virulent on 

its own, unwell individuals with multiorgan disease have significant rates of Acinetobacter morbidity 

and fatality.(Wong et al., 2017).  

The ongoing changes in the worldwide climate that have arisen over the past several decades as a 

consequence of multiple human interventions (e.g., the effects of global warming) could result in 

changes in the epidemiology of community-based Acinetobacter infections, increasing the number of 

cases in other regions of the earth. Worldwide-recognized multidrug-resistant Acinetobacter 

baumannii is transferring to many civilian hospitals by cross-infection of previously infected patients 

and soldiers. These days, A. baumannii strains that are resistant to multiple drugs (MDR) are 

commonplace around the globe. The Mediterranean area has been shown to have the highest rate of 
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carbapenem resistance, at over 90%. (Ma & McClean, 2021).  Unfortunately, the lack of efficacious 

treatments has led to high crude mortality ranging from 40% to 80% for infections occurring in sterile 

sites. (Inchai et al., 2015). It is predicted that the propagation of illness will end up resulting in around 

300 million tragic deaths by 2050. (Howard et al., 2012). Up to 70% fatality rates have been recorded 

in cases of infections caused by resistant strains of Acinetobacter baumannii. Although the attributable 

mortality varies with infection type, prior research showed that the crude mortality rate of A. baumannii 

infection was over 50%. For instance, a multicentre study carried out in eight US metropolitan areas 

between 2012 and 2015 found that the overall recorded death rate from carbapenem-resistant A. 

baumannii infections was 17.9%; significantly higher mortality rates—41.3%—occurred from 

infections that occurred at normally sterile sites as opposed to UTIs (8.3%). (Bulens et al., 2018). 

One of the main causes of VAP globally, particularly in Asia, Latin America, and the Middle East, is 

A. baumannii(Lynch et al., 2017). Up to 84.3% of VAP cases caused by MDR A. baumannii have been 

reported to die in the intensive care unit(Wisplinghoff et al., 2012). In the United States, individuals 

with A. baumannii bacteraemia had a crude death rate ranging from 37% to 52% (Inchai et al., 2015). 

While A. baumannii meningitis is relatively uncommon, its fatality rate is about 70%, making it a 

growing risk for patients who have had neurosurgery.(Metan et al., 2007). Following natural 

catastrophes or wars, such as those that occurred during the Iraq conflicts, the Syrian war, the 

Wenchuan earthquake, the Marmara earthquake, and the Indian Ocean tsunami, cases of A. baumannii 

skin and soft tissue infections in trauma (wound, burn) patients have also been documented (Diaz, 

2016; Oncül et al., 2002; Rafei et al., 2014; Scott et al., 2007). A. baumannii was responsible for 14% 

of wound infections in hospitalised survivors following the Wenchuan earthquake, per a single site 

investigation(Tao et al., 2009). Notably, hospital-acquired co- or secondary infections in COVID-19 

in-patients caused by A. baumannii were recorded globally during the Coronavirus illness 2019 

(COVID-19) pandemic (Lai et al., 2020; Perez et al., 2020; Sharifipour et al., 2020). 

 

Acinetobacter baumannii is a serious human pathogen that is drawing greater consideration as an issue 

of public health. It is responsible for an enormous percentage of infections among particular patient 

groups, primarily critically ill individuals acquiring treatment in the ICU worldwide. In the past few 

decades, there are major changes in the global epidemiology of Acinetobacter spp. Infections. Member 

of this genus have been recognized as extremely uncommon infectious agents throughout the 1970s, 

but in the past several years, it has occurred a rise in the frequency of reports of Acinetobacter 

infections, specifically in intensive care units (ICU). Infections caused by Acinetobacter typically 

occur in four particular populations and settings: (i) infections obtained by patients admitted to ICUs;  
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(ii)infections associated with healthcare received throughout the ICU setting; and (iii) outbreaks in 

trauma patients, often after natural disasters such as earthquakes or war epidemics, (iv) also usually 

followed by community-acquired illnesses, primarily pneumonia, but also bacteraemia, cellulitis, and 

meningitis, which typically afflict patients with comorbidities in tropical and subtropical settings. Most 

of these stories originate from tropical or subtropical areas. It has also been proposed that the humid 

atmosphere in these places contributes people, particularly those with the previously mentioned 

multiple illnesses, to Acinetobacter infections(Anstey et al., 1992).. In recent years, it seems to have 

an increase in the total number of patients who developed nosocomial Acinetobacter infections other 

than the ICU. The majority of those affected have respiratory-related infections, while some of them 

have bacterial infection with an uncertain primary location (Ferrara, 2006) (Wisplinghoff et al., 2004). 

The potential for this pathogen to become a major cause of healthcare-associated infections outside 

the ICU setting is alarming, thereby expanding the patient population at risk. A. Baumannii isolates 

from patients in intensive care units in the United States, the Netherlands, and the Nordic nations have 

shown less broad antibiotic resistance patterns (Friedland et al., 2003). 

 

Determining whether this organism is the pathogen causing an infection of interest can be challenging, 

especially in patients with non-sterile localised infections like pneumonia and wound infections, as it 

frequently infects patients with comorbidities, antibiotic exposure, and recent hospitalisation (Chusri 

et al., 2019). Acinetobacter baumannii infections have been reported worldwide and are becoming 

more frequent. In the ICU of the USA and Europe, it is the reason behind 2–10% of all gram-negative 

infections (Gootz & Marra, 2008). Acinetobacter baumannii exhibits resistance to antibiotics through 

a variety of mechanisms, such as a waterproof cell membrane, an increase in outflow pumps, metallo-

β-lactamases (MBL), extended spectrum β-lactamases (ESBL), and carbapenem-hydrolyzing class D 

β-lactamases (CHDL)(Poirel & Nordmann, 2006; Vahhabi et al., 2021). 

 

 During the last few years, increasingly resistant strains of Acinetobacter baumannii have emerged, 

causing necessity of broad-spectrum antibiotics. Inadequate antibiotic medication management 

frequently results in the establishment of widespread extensively drug resistant and pan-drug resistance 

(XDR and PDR) bacteria, which provide considerable health difficulties by prolonged hospitalization, 

treatment failures, and that is associated with a significant mortality and morbidity rate in sick 

individuals. Being resistant to practically all antimicrobial agents at least once is known as extensive 

drug resistance (XDR). A person who is resistant to all antimicrobial classes is said to have pan-drug 

resistance (PDR). (Multidrug-Resistant, Extensively Drug-Resistant and Pandrug-Resistant Bacteria: 
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An International Expert Proposal for Interim Standard Definitions for Acquired Resistance - PubMed, 

n.d.) (Pattnaik et al., 2019).  

Public health is currently facing a major issue as a result of A. baumannii's recent fast development of 

various antibiotic resistance. Because of its capacity to create biofilms, Acinetobacter is able to thrive 

and spread readily inside the hospital setting, attaching itself to a variety of biotic and abiotic surfaces 

such as Foley's catheter, vascular catheters, and cerebrospinal fluid shunts.8 A. baumannii is the most 

often found opportunistic pathogen in clinical samples. It may colonise hospital environments and 

acquire resistance, which makes it a risk factor for nosocomial infections, which are challenging to 

treat (Kasperski et al., 2023). The connection between biofilms and antibiotic resistance is of a 

considerable interest to biomedical researchers. 

Planktonic (free-floating) bacteria are not physiologically similar to biofilms, which are colonies of 

microorganisms adhering to biotic and/or abiotic surfaces coated in an extracellular polymeric 

substance (EPS) matrix(‘Biofilm Formation by Enterococcus Faecalis and Enterococcus Faecium’, 

2019). Because the extracellular matrix protects the cells and limits their metabolic activity, biofilm-

encased cells are more resistant to innate immune components of the host and antibiotics(Mahmoudi 

Monfared et al., 2019). The clinical management of A. baumannii-related biofilm infections is severely 

hampered by the fact that the bacteria commonly cause biofilm-related infections, especially 

ventilator-associated pneumonia and catheter-related infections, which can be extremely resistant to 

antibiotic therapy. Due to the fast spread of diseases linked to medical devices and antibiotic resistance, 

A. baumannii biofilms have emerged as one of the most significant worldwide concerns (Dijkshoorn 

et al., 2007; Pour et al., 2011). 

 

Acinetobacter baumannii is an established globally antimicrobial-resistant gram-negative bacteria that 

particularly enables biofilm-associated infectious diseases. Often via pharmaceuticals, their selective 

adhering ability is one of the primary causes of resistance to antibiotics. An infection caused by 

biofilm-producing bacteria is usually harder to treat because biofilms resist both the human immune 

system and antibiotics(Diaz, 2016). So, to treat this type of challenging sickness, updated vaccines, 

alternative antibiotics, or therapies could permanently stop the spread of this disease while improving 

patient health. Also, to inhibit the formation of biofilm(Høiby et al., 2011) 
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Figure 1: Factors mediating Acinetobacter baumannii biofilm formation. (Factors Mediating 

Acinetobacter Baumannii Biofilm Formation ..., n.d.) 

 

The growth and development of biofilm is a well-established pathogenic mechanism for such 

diseases(Roy et al., 2022). Acinetobacter baumannii’s advanced biofilm machinery gives a survival 

benefit such as they can thrive in harsh conditions such as desiccation, antibiotic treatments, and the 

lack of nutrients as well as facilitating its development on various surfaces. Biofilm is a three-

dimensional structure created by microbial cells that attach to biotic or abiotic surfaces as a result of a 

variety of physiological and environmental variables (a few of which remain unknown). Furthermore, 

these cells continuously grow and create extracellular polymeric substances (EPS), which form a 

matrix around the microorganisms.  The biofilm matrix protects bacterial cells against the action of 

antibiotics and bacteriophages, and it also helps bacterial cells survive under extreme conditions like 

desiccation. It may also decrease the permeability of antibiotics to bacteria, exposing patients to MDR 

and possibly XDR bacteria(Kasperski et al., 2023).  Not only Biofilm production helps in various  

Physicochemical factors such as temperature, growth media, surface hydrophobicity, pH, oxygen 

concentration but also some biofilm producing genes such as biofilm-associated protein (Bap), the 

outer membrane protein A (ompA), chaperon-usher pilus (csuE), and  blaper is used to describe gene 

that help development  and preserve A. Baumannii biofilms by providing multi-resistance to beta-

lactam antibiotics, including penicillins, cephalosporins,  and carbapenems. Carbapenemase 
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synthesis(Santajit et al., 2023).  The functions of Biofilm producing genes are basically; ompA is 

important for A. Baumannii’s survival and pathophysiology, forming biofilms, invading cells, 

regulating drug resistance, modulating immune response, and causing cell death through integration 

into host membranes; bap protein stabilizes mature biofilms, influences thickness and biovolume, and 

contributes to persistence in hospitals and infection. Overexpression may influence biofilm 

development in low iron conditions. blaPER: A. Baumannii strains exhibit resistance to cephalosporins, 

monobactams, carbapenems, and penicillin due to Class A β-lactamases like blaPER-1 gene, which 

provides multi-resistance to beta-lactam antibiotics; csuE gene in A. baumannii, is quite significant for 

biofilm production and can be targeted for therapeutic and infection control, suggesting that incorrect 

antibiotic use can alter population behaviours and promote planktonic lifestyles.(Zeighami et al., 

2019). Lastly, some other numerous microbial features such as adhesins, capsular polysaccharides, 

surface appendages play key role in production of biofilm as well as bacteria’s survival. 

 

In Latin America, several cases of Acinetobacter baumannii have been reported(Wisplinghoff et al., 

2004). The situation with Acinetobacter baumannii CRAB is especially worrying in developing 

countries like Bangladesh, where hospital conditions and policies are not updated, increasing the 

nosocomial infection risk. The purpose of this study was to evaluate antibiotic resistance patterns of 

A. baumannii isolated from clinical isolates, largely from the ICU. In addition, clinical and molecular 

epidemiology of multi-drug resistant Acinetobacter baumannii is analysed along with the quantitative 

approach for biofilm production and the correlation between biofilm development and antibiotic 

resistance in clinically relevant isolates. Furthermore, observative analysis was initiated in order to 

study the potential link between the four biofilm-related genes and drug resistance by identifying csuE 

ompA, bap and blaPER-1.. 
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Materials and method; 

 

Sample collection: We have selected Bangladesh Sheikh Mujib Medical University [BSMMU] 

previously known as Institute of post graduate medical research for our research purpose. Where 

Different clinical samples were isolated and collected from urine, sputum, tracheal aspirate, wound, 

pus and automated blood by medical personnel. From them we have collected Samples that resembles 

A.baumannii morphology via following streaking plate method in MacConkey agar plates and 

transported in BRAC University lab through iceboxes . In where samples were incubated stored for 

further identification 

 

Sample Processing: Media plate containing desired sample were kept upside down for 24 hours at 

37°C. Following incubation the plates were examined to locate cocci shape pink colonies resembling 

A. baumannii morphology Afterwards, the single colonies were chosen for streaking on MacConkey 

agar plates in order to isolate and grow pure A.baumannii colonies . Following the streaking of pure 

colonies agar plates were incubated for 18 to 24 hours at 37°C. After the incubation period was over 

biochemical test was performed for further clarification of A.baumannii identification. 

 

Bacterial isolates and identification: 

 

This following study consists of a total of 150 samples of Acinebacter spp., suspected to be 

Acinetobacter baummannni, that were directly collected from the BSMMU microbiology laboratory 

from November 1 to May 25. Specimens were accumulated on MacConkey agar and transported to 

the BRAC university lab by following appropriate cautions. Conventional biochemical methods such 

as oxidase, citrate, triple sugar iron, catalase, motility, indole, and urease production were used to 

identify A. baumannii; however, the results were not satisfactory, so few samples were left without 

testing. 

Biochemical reactions often provide vital facts for effectively determining species of the different 

bacteria in a specimen. This test was established to analyze the amounts of bacterial enzymes, and that 

can be applied for precisely recognizing the particular kind of bacteria that produced it. There are 

various types of biochemical testing that shows various type of enzymatic reactions. However, for our 

research we had used MIU test, Citrate test, TSI test, MRVP test, Oxidase test and Catalase test etc 

(Biochemical Tests for Microbial Identification, n.d.) 
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MIU test: The full form of MIU is MOTILITY INDOLE UREASE TEST. Urease activity, motility, 

and indole synthesis was detected using the MIU TEST. Acinetobacter baumannii is MIU negative 

that basically symbolizes it is non motile, indole negative and also urease negative. 

Citrate test: The citrate test evaluates if particular bacteria can metabolise citrate, meaning an 

organism’s ability to use citrate as its only source of energy and carbon. Acinetobacter baumannii is 

citrate positive so the color will change from green to blue because it can metabolise citrate. 

TSI test: The full form of TSI is Triple sugar iron agar. It is a differential media that evaluates an 

organism for numerous characteristics in a single evaluation. It identifies acid and gas production as 

the consequence of glucose, sucrose, and/or lactose fermentation, along with hydrogen sulfide 

formation. Acinetobacter baumannii is TSI negative as it does not form bubbles or cracks which 

indicates no gas or acid formation. It does not produce H2S so it reduces blackening of the butt. It 

forms red slant and red butt which indicates no fermentation of sugars also peptone is catabolized. 

MRVP test: The full acronym is Methyl Red-Voges Proskauer. This biochemical test actually consists 

of two separate assays. The methyl red test is used to recognize microorganisms capable of 

metabolizing glucose via the combination of acid fermentation route. Voges-Proskauer (VP) is a test 

that observes acetoin in bacterial broth cultures. Acinetobacter baumannii is MRVP negative. Negative 

MR test is indicated by a yellow color that means less acid is produced (pH is higher) from the 

fermentation of glucose. Additionally negative VP is indicated When the color at the top of the tube is 

yellow that means tested bacteria does not ferment glucose using the butanediol fermentation pathway. 

Oxidase test: Oxidase test is basically done to determine the presence of oxidase enzymes generated 

by various bacteria. Acinetobacter baumannii is oxidase negative. So, it is indicated when the color 

does not change therefore, Acinetobacter baumannii do not have the cytochrome c oxidase that 

oxidizes the test reagent. 

Catalase test: Catalase test is use to evaluate which organisms generate the enzyme catalase. 

Acinetobacter baumannii is catalase positive. Indication of catalase in following bacteria is it forms 

bubbles. 
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DNA extraction:  

 

DNA was extracted from the colonies grown in Nutrient agar by boiling method. In a new Eppendorf 

150 micro-liter 1XTE buffer had been inoculated with a loop full of colony. Then, boiled using a dry 

water bath for 15 minutes at 95° C. After that, the tubes were centrifuged for 10 minutes at 40000rpm.  

Supernatant was separated in sterile microcentrifuge tube, containing DNA, needed for PCR 

identification.(Ghatak et al., 2013).  

 

Identification of A. baumannii by PCR: 

 

Molecular identification of Acinetobacter baumannii were confirmed through PCR (Polymerase chain 

reaction) for identifying blaOXA-51 gene. The PCR was carried out with total volume of 13μl Where, 

7.5μl master mix (Taq DNA, dNTPs, Buffer, Mg2+), 0.5μl forward primer, 0.5μl reverse primer, 2.5μl 

nuclease free water and 2μl template DNA has been taken in each PCR tube for all samples. The 

protocol for amplification was; initial denaturation at 95° for 5 minutes, 30 cycles containing of 

denaturation at 95° for 25 seconds, annealing at 60° for 40 seconds, extension at 72° for 50 seconds 

and final extension at 72° for 6 minutes. The PCR product was resolved on 1.5% agarose gel containing 

ethidium bromide in Tris-borate ethylenediaminetetraacetic acid buffer at 110 V for 1 h. 

 

 

Antimicrobial Susceptibility Testing: 

 

Susceptibility to the following antimicrobial agents were determined on the Mueller–Hinton agar by 

Kirby Bauer disc diffusion method as per Clinical and Laboratory Standards Institute (CLSI, 2021) 

guideline included Gentamicin (GEN), Cefepime (CPM), Ciprofloxacin (CIP), Imipenem (IPM), 

Piperacillin/Ampicillin (Pi/AMP), and Co-Trimoxazole (COT), Amoxicillin-ClavulanicAcid (AMC),  

Ceftazidime (CAZ). Zone of inhibition was interpreted per recommendation of the Clinical Laboratory 

Standard Institute (CLSI) guidelines.  

 

Antimicrobial resistant gene detection:  

 

The majority of the strains were found to be resistant, according to our investigation, although the 

results of the gene detection were not sufficient. ESBL encoding genes (blaCTX-M, blaSHV, blaTEM) was 
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nearly absent from all isolates, the percentage were shown in table. Results did not reveal a significant 

correlation between resistant 

patterns and presence of ESBL genes in the isolates. Among all 73 carbapenemase producing isolates, 

blaNDM has shown highest percentage that is 16.51% and other carbapenem encoding genes such as 

(blaKPC, blaVIM, blaIMP) were unidentified in all isolates, then again blaOXA-48 has shown minimalist 

result.  

 
Gene 
name 

 

Primer sequence ((5’-3’) Product 
size (bp) 

PCR condition: Reference 

 blaCTXM 5’-ACGCTGTTGTTAGGAAGTG-3’ 
5’-TTGAGGCTGGGTGAAGT-3’ 

759 Initial: 94° (5 min) 
Denaturation: 94° 
(30sec) 
Annealing: 58° (30sec) 
Extension: 72° (30sec) 
Final extension: 72° (7 
min). 

 (Ranjbar & 

Farahani, 

2019) 

blaSHV 5'-TACCATGAGCGATAACAGCG-
3' 

5'-GATTTGCTGATTTCGCTCGG-3' 

450 Initial: 94° (5 min) 
Denaturation: 94° 
(30sec) 
Annealing: 58° (30sec) 
Extension: 72° (30sec) 
Final extension: 72° (7 
min). 

 (Rawat et 

al., 2018) 

blaTEM 5’ AAAATTCTTGAAGACG-3’ 
5’ TTACCAATGCTTAATCA-3’ 

1073 Initial: 95° (5 min) 
Denaturation: 95° 
(30sec) 
Annealing: 51° (30sec) 
Extension: 72° (30sec) 
Final extension: 72° (7 
min). 

 (Rawat et 

al., 2018) 

blaKPC 5'-
CATTCAAGGGCTTTCTTGCTGC-

3' 
5'-ACGACGGCATAGTCATTTGC-3' 

498 Initial: 94° (5 min) 
Denaturation: 94° 
(30sec) 
Annealing: 58° (30sec) 
Extension: 72° (30sec) 
Final extension: 72° 
(7 min). 

 (Rawat et 

al., 2018) 

blaNDM 5'-ACCGCCTGGACCGATGACCA-
3' 

5'-GCCAAAGTTGGGCGCGGTTG-
3' 

621 Initial: 94° (5 min) 
Denaturation: 94° 
(30sec) 
Annealing: 58° (30sec) 
Extension: 72° (30sec) 
Final extension: 72° (7 
min). 

 (Rawat et 

al., 2018) 
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blaIMP 5′- GAAGGCGTTTATGTTCATAC-
3′ 

5′- GTATGTTTCAAGAGTGATGC-
3′ 

587 Initial: 95° (5 min) 
Denaturation: 95° 
(45sec) 
Annealing: 60° (45sec) 
Extension: 72° (60sec) 
Final extension: 72° (8 
min). 

 (Rawat et 

al., 2018) 

blaVIM 5’-
ATTGGTCTATTTGACCGCGTC-

3’ 
5’-

TGCTACTCAACGACTGAGCG- 
3’ 
 

780 Initial: 95° (5 min) 
Denaturation: 95° 
(45sec) 
Annealing: 58° (45sec) 
Extension: 72° (60sec) 
Final extension: 72° (8 
min). 

 (Karaman et 

al., 2024) 

blaOXA-48 5’-TTGGTGGCATCGATTATCGG-

3’ 

5’-GAGCACTTCTTTTGTGATGGC-

3’ 
 

743 Initial: 94° (5 min) 
Denaturation: 94° 
(30sec) 
Annealing: 58° (30sec) 
Extension: 72° (30sec) 
Final extension: 72° (7 
min). 

 (Karaman et 

al., 2024) 

 

Table 01: Related genes for antibiotic resistant. 

 

 

Biofilm Formation assay:  

 

Biofilm producing capability was examined using the 96-well microtiter plate method. Fresh bacterial cultures 

were injected into 10μl of tryptic soy broth (TSB) and incubated at 37 degrees Celsius. 10μl of overnight 

grown A.baumannii culture was injected into each well of a 96 well plate containing 190μl Tryptic Soy Broth 

(TSB) (Soybean-Casein Digest Broth) and here the exception was done in negative control well where 200μl 

fresh broth was taken. After 24 hours of incubation at 37 °C, the contents were removed.  Initially, cleaned 

three times with sterile distilled water. After that, the microplate was kept inverted at room temperature to 

dry. Then, 200 μl of methanol was used for 15 minutes for fixation. Then again, the objects were discarded 

and dried at room temperature. For 15 minutes, 200 μl of 1% crystal violet was added to each well. Therefore, 

the wells were cleaned with distilled water and inverted. Lastly, 200 μl of 30% glacial acetic acid was used to 

liquefy the crystal violet stain on the biofilm cells. Afterwards, the absorbance at 630nm was measured with 

the help of BioTek ELx808 Absorbance Plate Reader.  

The true OD value was calculated by subtracting the OD of the control values. The results were classified into 

the four given categories: a) OD ≤ ODc = non-biofilm producer; b) ODc < OD ≤ 2ODc = weak biofilm 

producer; c) 3ODc <OD ≤ 4ODc = medium biofilm producer; d) 4OD < ODc = strong biofilm producer. 

(Hassan et al., 2011) 
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Biofilm forming gene identification:  

A set of primers were used in polymerase chain reaction (PCR) experiments to detect the genes (bap, blaPER-1, 

csuE, and ompA) given below. Each isolate's DNA was extracted using the method given before. PCR 

experiments were performed with 12μl PCR Master Mix, 1μl of each (Forward and Reverse) primer, 5.5μl 

nuclease free water and 5μl template DNA for each isolate. The PCR conditions were given below in table-02. 

For observing result, Agarose Gel Electrophoresis was performed. 

 

 
 

 
Gene 
name 

 

Primer sequence ((5’-3’) Product size 
(bp) 

PCR condition: Reference 

blaPER GCAACTGCTGCAATACTCGG 
ATGTGCGACCACAGTACCAG 

340 Initial: 94° (5 min) 
Denaturation: 94° (60sec) 
Annealing: 59° (1min) 
Extension: 72° (40sec) 
Final extension: 72°(5 
min). 

 (Mahmoudi 

Monfared et 

al., 2019) 

ompA GTTAAAGGCGACGTAGACG 
CCAGTGTTATCTGTGTGACC 

578 Initial: 94° (5 min) 
Denaturation: 94° (60sec) 
Annealing: 60° (1min) 
Extension: 72° (40sec) 
Final extension: 72° (5 
min). 

 (Yang et al., 

2019) 

bap TGCTGACAGTGACGTAGAACCA
CA 

TGCAACTAGTGGAATAGCAGCC
CA 

184 Initial: 94° (5 min) 
Denaturation: 94° (60sec) 
Annealing: 62° (1min) 
Extension: 72° (40sec) 
Final extension: 72° (5 
min). 

 (Yang et al., 

2019) 

csuE CATCTTCTATTTCGGTCCC 
CGGTCTGAGCATTGGTAA 

168 Initial: 94° (5 min) 
Denaturation: 94° 
(60sec) 
Annealing: 58° (1min) 
Extension: 72° (40sec) 
Final extension: 72° 
(5 min). 

 (Yang et al., 

2019) 

 
Table-02: Biofilm related genes. 
 
Result:  
 
Isolates and identification: 

A total of 150 Acinetobacter species were obtained, of which 109 have been identified to be A. 

baumannii. The of male and female were 59.63%and 39.45% respectively. 12.84% of women and 

15.6% of men who made up the bulk of patients (28.44%) were admitted to ICU. Of the 109 isolates, 

16 (14.68%) were found to be A. baumannii in Blood, 10(9.17%) in wound swabs and in pus and in 



 24 

urine, 25(22.94%) in sputum, and a very few number of samples were collected from other aspects. 

From tracheal aspirate and sputum, the majority of A. baumannii were isolated.  

 

 

Table-03: Detailed 

patient’s data who is 

infected with 

Acinetobacter 

baumannii. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Before Going through the molecular process, Biochemical testing was performed on some isolates. 

PCR was used to confirm isolates because the results of the other biochemical tests such as Citrate, 

Oxidate, Catalase, TSI, MIU, and MRVP tests were conducted, but the results did not meet any 

standard criteria.  

Characteristics  Total Percentage 

 
Gender 

Male 65 59.63% 

Female 43 39.45% 

Unknown 1 0.92% 

Total 109 100% 

 
Age (Years) 

 0-10 16 14.68% 

11-18 8 7.34% 

19-29 8 7.34% 

  30 – 60 50 45.87% 

    >60 27 24.77% 

 Total 109 100% 

 
 
 
 
 
 
Specimen type 

T/A 31 28.44% 

  Sputum 25 22.94% 

 blood 16 14.67% 

Wound swab 9 8.26% 

CV Cathetar line 1 0.92% 

  Pus 10 9.17% 

  Ascitic fluid 1 0.92% 

        Urine 10 9.17% 

         W/S 1 0.92% 

E/t tube 2 1.83% 

CSF 1 0.92% 

Aspirate 1 0.92% 

Unknown 1 0.92% 

  Total 109 100% 
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Figure 2: Suspected results for identifying Acinetobacter baumannii.. 

 

As a result, PCR was ultimately determined to be the most effective method for identifying and 

detecting bacterial strains. Therefore, out of 150 isolates 109 were confirmed positive strains 
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Figure 3: Gel picture of PCR positive Acinetobacter baumannii. 

 

Antimicrobial Susceptibility testing (AST): 

 

Using the disc diffusion method, the antibiotic susceptibility of the A. baumannii isolates was first 

identified. For the test, nine antibiotic drugs were chosen from the following categories: 

aminoglycosides, cephem, carbapenems, Penicillin, Fluoroquinolones, tetracyclines, and Folate 

Pathway Antagonist. The rates of resistance against cefepime (75.23%), imipenem (70.64%), 

ceftazidime (88.99%), gentamicin (70.64%), ciprofloxacin (73.39%), Ampicillin/piperacillin 

(82.56%), cotrimoxazole (33.03%), amoxicillin-clavulanic acid (78.90%), and tetracyclin (65.14%) 

were found among the 109 A. baumannii non-duplicate isolates. The analysis for resistance to different 

antibiotic classes revealed that 75.22% of the isolates were MDR.  
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Antimicrobial 

Agent 

Susceptible (%) Intermediate (%) Resistance (%) 

1. Cefepime 27 (24.77%) 0 82 (75.23%) 

2. Imipenem 32 (29.36%) 0 77 (70.64%) 

3. Ceftazidime 10 (9.17%) 2 (1.83%) 97 (88.99%) 

4. Gentamicin 32 (29.36%) 0 77 (70.64%) 

5. Ciprofloxacin 27 (24.77%) 2 (1.83%) 80 (73.39%) 

6. Ampicillin/ 

Pipercillin 

17 (15.60%) 2 (1.83%) 90 (82.56%) 

7. Co-

trimoxazole 

71 (65.14%) 2 (1.83%) 36 (32.03%) 

8. Amoxicillin/ 

Clavulanic 

acid 

12 (11.01%) 11 (10.09%) 86 (77.90%) 

9. Tetracyclin 30 (27.52%) 8 (7.34%) 71 (65.14%) 

 

Table 04: Antibiotic susceptiblility test result. 

 
 Figure 4: Incubated MHA plates for Antibiotic Susceptibility Test. 
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Responsible genes for AMR: 

Number of gene Gene name Total number Percentage 

1 blaNDM 18 16.51% 

2 blaCTX-M 06 5.50% 

3 blaSHV 01 0.91% 

4 blaTEM 03 2.75% 

5 blaVIM 0 0% 

6 blaKPC 0 0% 

7 blaIMP 1 0.91% 

8 blaOXA-48 03 2.75% 

 

Table 05: Antimicrobial Resistant Gene result. 

 

Biofilm formation:  

Among 109 A. baumannii isolates, 67.88% strains were biofilm producers and 32.11% strains were 

non-biofilm producers. On the basis of biofilm forming capacity strains were divided into three 

categories: 24.77% strains formed a strong biofilm, while 33.02% and 10.09% of these isolates were 

considered as moderate and weak biofilm-forming isolates, respectively.  So, moderate biofilm 

forming isolates were dominating over other categories.  

  

Table 6: Biofilm formation ability in positive isolates: 

 

 Total 

sample 

number 

(109) 

Percentage 

Strong 27 24.77% 

Moderate 36 33.02% 

Weak 11 10.09% 

   

Non-biofilm 

forming 

35 32.11% 
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Biofilm forming gene:  

 

Every isolate of A. baumannii had at least one gene associated with biofilm. Table 3 displays the 

frequency of these genes. The bap gene was found in the majority of isolates, which is 88.99%; csuE 

(84.40%); blaPER-1 (56.88%); and ompA (83.48%). These were the most common genes, and the blaPER-

1 gene (56.88%) has shown the least percentage.   

 

Table 7: Biofilm forming genes: 

 

Name 

of 

gene 

Total 

positive 

Percentage 

(%) 

Total 

Moderate 

 

Percentage 

(%) 

Total 

Negative 

 

Percentage 

(%) 

bap 97 88.99% 2 1.83% 10 9.17% 

blaPER-

1 

62 56.88% 22 20.18% 25 22.93% 

csuE 92 84.40% 05 4.58% 12 11.009% 

ompA 91 83.48% 06 5.50% 12 11.009% 

 

 

 

Graph 1: 
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Relationship of biofilm formation and biofilm related genes: 

 

 

Clinical A. baumannii isolates with multidrug resistance produce biofilms because of particular to the 

distribution of virulence genes (bap, blaPER-1, ompA, and csuE). This study conducted a polymerase 

chain reaction to detect the presence of genes relevant to biofilms.  The frequencies of bap, blaPER-1, 

ompA, and csuE genes in the following table the test isolates, which were 88.99%, 56.88%, 83.48%, 

and 84.40%, respectively. There were 74 isolates that formed biofilms out of the 109 test strains; of 

these, 24.77% were strong biofilm formers, 33.02% were moderate biofilm formers, and 10.09% were 

weak biofilm formers. The results showed that the bap, blaPER, ompA, and csuE genes were present 

in 86% (64/74), 72% (53/74), 86% (64/74), and 88% (65/74) of the biofilm producers, respectively, 

after examining the relationship between biofilm production and biofilm-related genes.  

 

 

Table 8: Correlation between biofilm formation and biofilm forming genes:  

 

Biofilm 

formation 

Isolates 

(Frequency%) 

Biofilm related genes 

bap blaPER-1 ompA csuE 

Non-biofilm 35(32.11%) 35(32.11%) 31(28.44%) 35(32.11%) 32(29.33%) 

Weak 

biofilm 

11(10.09%) 10(9.17%) 9(8.26%) 9(8.26%) 9(8.26%) 

Moderate 

biofilm 

36(33.02%) 30(27.52%) 23(21.10%) 31(28.44%) 32(29.35%) 

Strong 

biofilm 

27(24.77%) 24(22.02%) 21(19.27%) 24(22.02%) 24(22.02%) 

 

 

Relation between biofilm formation and antibiotic resistance isolates: 

 

The relationship between the capacity to produce biofilms and the degree of antibiotic resistance was 

examined by comparing the biofilm formation in susceptible and antibiotic-resistant strains using data 

from the 96-well microtiter plate technique. 
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Antibiotic resistance was determined from the following categories: aminoglycosides, cephem, 

carbapenems, Penicillin, Fluoroquinolones, tetracyclines, and Folate Pathway Antagonist. In this 

study, we observed that the rate of biofilm producing capability were higher in antibiotic resistance 

isolates and also non-biofilm forming capacity is higher in resistance isolates then antibiotic 

susceptible isolates. Antibiotics from pipercillin and cephems groups are highly biofilm producers that 

is 55% and 54% repectively. The isolates that are susceptible to co-trimoxazole had the largest number 

of biofilm formation (36.69%), despite the fact that co-trimoxazole has the lowest capacity (20.18%) 

in antibiotic resistant strains. Compared to isolates resistant to antibiotics, isolates sensitive to 

antibiotics develop less biofilm. 

 

 
Table 9: Antibiotic Resistance Pattern among Biofilm Producer and Non-Biofilm Producer A. 

baumannii isolates 

 

 Antibiotic Resistance Antibiotic Susceptible 

Antibiotics Biofilm 

Producers 

Percentage 

(%) 

Non-

Biofilm 

producers 

Percentage 

(%) 

Biofilm 

Producers 

Percentage 

(%) 

Non-

Biofilm 

producers 

Percentage 

(%) 

Cefepime 50 46.79% 25 22.01% 13 11.93% 09 8.26% 

Imipenem 46 42.20% 28 25.69% 17 15.59% 07 6.42% 

Gentamicin 44 40.37% 29 26.61% 20 18.35% 6 

 

5.50% 

Tetracyclin 42 

 

38.53% 24 22.01% 17 15.59% 08 07.34% 

Ceftazidime 54 49.54% 34 31.19% 07 6.42% 01 0.91% 

Amoxicillin-

Clavulanic 

acid 

49 44.95% 30 27.52% 08 7.33% 03 2.75% 

Co-

trimoxazole 

22 20.18% 11 10.09% 40 36.69% 24 22.01% 

Ciprofloxacin 47 43.11% 27 24.77% 15 13.76% 08 07.33% 

pipercillin 55 50.46% 28 25.69% 07 6.42% 06 05.50% 
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Discussion:  

 

It has been determined that A. baumannii is a nosocomial infection that spreads among hospitalised 

patients in recent years. This type of bacteria is known as nonfermenting gram-negative bacilli 

(NFGNB), and it can colonise the gastrointestinal tract, respiratory system, conjunctiva, skin, and oral 

cavities. Because this organism may live in the environment for a long period, nosocomial infections 

are typically spread directly from healthcare staff to patients or through surfaces in the environment. 

To effectively manage infections in hospitals, especially in the Intensive care unit, an evaluation of the 

key factors should be conducted in order to provide realistic and helpful techniques that infection 

control committees can employ as a strategic plan. In addition, physicians should use this information 

to battle antibiotic resistance, develop better medicines, lower medical expenses, and lower mortality. 

In order to achieve this, the current study was planned to assess various factors (such as the capacity 

to produce biofilms, the frequency of biofilm-related genes, resistance to antibiotics and Genes 

responsible for it etc.) while taking into account the significance of the genes bap, blaPER-1, and csuE 

for cell adhesion and pili formation, respectively(Gedefie et al., 2021). 

In DMCH, Bangladesh, the average prevalence of Acinetobacter baumannii was approximately 14%, 

slightly higher than in underdeveloped countries such as India (9.5%, 9.4%, and 11%, respectively). 

The prevalence rates in Japan (18%), Kuwait (22.117), and Saudi Arabia (31.718) were greater than in 

the current study.  (Uddin et al., 2021).  

 

In our study 28.44 % samples were collected from ICU patient, but according an article from 

Bangladesh journal Online (Abarca-Coloma et al., 2024), In China, percentage of infected ICU patient 

is up to 71.2%. Numerous investigations conducted worldwide have reported a significant incidence 

of A. baumannii strains that produce ESBLs. ESBL- producing genes are least common in our study, 

despite multi-drug resistance and prolonged life in hospitals. These days, A. baumannii is frequently 

described as multiple-drug resistant (MDR); Latin America appears to have some of the highest rates 

of resistance worldwide to imipenem, meropenem, ceftazidime, piperacillin/tazobactam, 

ciprofloxacin, and gentamicin. In our current study Ceftazidime, Ampicillin/Piperacillin, Cefepime, 

Ciprofloxacin, Gentamicin, imipenem, cotrimoxazole, tetracyclin, and amoxicillin-clavulanic acid 

resistance were found to be 88.99%, 82.56%, 75,23%, 73.39%, 70.64%, and 70.64%, 

respectively(Farzana et al., 2022). Another study in Iran at Tehran hospital showed A. baumannii 

isolates are innately resistant to imipenem (95.5%) and ciprofloxacin (94.5%). A.baumannii’s 

Penicillin-Binding Proteins (PBPs) have decreased affinities for cephalosporins, and certain strains 

carry plasmid-encoded β-lactamases. (Armin et al., 2015). In an anticipated multicenter research 
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experiment carried out in Turkey for 6 months to assess antimicrobial resistance to several medicines 

in Acinetobacter baumannii transmission, resistance rank results were as follows: Amikacin, 91.8%; 

ampicillin/sulbactam, 99.4%; ceftazidime, 99.4%; ciprofloxacin, 100%; imipenem, 99.4%; 

(Antibiotics | Free Full-Text | Risk Factors Associated with Mortality in Acinetobacter Baumannii 

Infections: Results of a Prospective Cohort Study in a Tertiary Public Hospital in Guayaquil, Ecuador, 

n.d.) 

 

Challenges with A. baumannii infection prevention and treatment are linked to bacterial biofilms. The 

microorganisms themselves produce polymer matrices that maintain biofilms, which are permanently 

attached to the host's tissues or abiotic surfaces and aid in the development of bacterial communities. 

The microbial community's resilience can be increased by this viscous matrix, which can isolate 

bacteria from dangerous external stimuli. The following might be used to explain these observations: 

(1) Permeation restriction: bacteria in biofilms at high densities can create an extracellular matrix that 

prevents antibiotics from penetrating the biofilm; (2) Nutrition restrictions: bacteria in biofilms are 

kept in a low-metabolism and slow-growing state, which reduces their sensitivity to external stimuli 

like antibiotics; Phenotype inference (3): cellular membranes select or induce strains with resistant 

traits and boost the prevalence of antibiotic resistance genes and the function of resistance efflux 

pumps, resulting in drug resistance; (4) immune restriction: A. baumannii biofilms are a naturally 

occurring physical barrier that limit the organism's ability to be killed by the immune system; and (5) 

quorum sensing: when the number of A. baumannii increases, some bacteria use quorum sensing to 

separate from the biofilm's surface and enter a planktonic growth state, which enables bacteria to 

adhere to suitable media and promotes infection and recurrence(Mirghani et al., 2022). 

 

However another study in Bangladesh shows ciprofloxacin ,imipenem, gentamicin resistance 

percentage are much higher in China following 100%, 91.8 % 91.8 percent (Farzana et al., 2022). 

Numerous investigations conducted worldwide have reported a significant incidence of A. baumannii 

strains that produce ESBLs. ESBL-producing genes are least common in our study, despite multi-drug 

resistance and prolonged life in hospitals. But the possibility of discovering ESBL-producing genes 

are prominant, particularly in Klebsiella species than Acinetobacter baumannii(Ranjbar & Farahani, 

2019). The blaCTX-M and blaTEM genes were identified in 5.50% and 2.75% of the ESBL-positive A. 

baumannii strains examined in our investigation using the PCR technique, respectively, whereas the 

blaSHV gene was only found in 0.91% of the isolates. Our investigations focused on looking into the 

genes of the major carbapenemases. Among all clinical isolates, the carbapenemase gene was the most 

common, followed by blaNDM, blaIMP, and blaOXA-48-like genes at 16.51%, 0.91%, and 2.75%, 
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respectively. Unfortunately, blaKPC and blaVIM were not found. Additionally, other reports from 

different nations have demonstrated the dissemination of CRAB containing carbapenem-resistant 

gene(Alyamani et al., 2015) 

 

The ability of A. baumannii to produce hemolysin, lipase, lecithinase, and protease, as well as the 

formation of biofilms, are among the many virulence factors that are correlated with the pathogenicity 

and resistance to unfavourable environmental circumstances. One crucial component is thought to be 

A. baumannii's capacity to colonise and build biofilm on both biotic and abiotic surfaces. Because 

biofilms are multicellular, these pathways lead to treatment failure and bacterial resistance. Our 

findings shown that about 67.88% of isolates of A. baumannii produce biofilm. Of these, 11 (10.09%), 

36 (33.02%), and 27 (24.77%) were weak biofilm producers, moderate biofilm producers, and strong 

biofilm producers, respectively and 35 (32.11%) isolates were non-biofilm producers. In another 

similar study, seventy-five biofilm-producing multidrug-resistant Acinetobacter species were 

identified in a study by the microtiter plate method (Liu et al., 2016). Of these 75 isolates 12 (16%), 9 

(12%), 30 (40%), and 24 (32%) respectively were weak biofilm producers, moderate biofilm 

producers, strong biofilm producers, and non-biofilm producers. This study found a clear relationship 

between Acinetobacter isolates’ propensity to form biofilm and the development of biofilm and 

multiple antibiotic resistance(Kasperski et al., 2023)(Yang et al., 2019) 

 

Furthermore, our findings showed that the strong biofilm producer turned out resistant to a variety of 

antimicrobial agents, including Ceftazidime, Piperacillin, Cefepime, Ciprofloxacin, and Gentamicin. 

Moreover, The Amoxyclav drugs, a combination of Amoxicillin and Clavulanate frequently prescribed 

for treating bacterial infections, was also employed to treat the Acinetobacter baumannii. Despite of 

being a powerful combine drug, it was actually resistant in the majority of A.baumannii strains. 

According to a prior study, Piperacillin is a specific antibiotic that causes the formation of strong 

biofilms. This is quite evident in our study. Yet in our current study, we identified resistance from both 

the Folate Pathway Antagonist group, such as Co-trimoxasol, and the Aminoglycoside group, such as 

Tetracycline antibiotics were also associated with biofilm formation because the resistance pattern was 

lower than other groups of antibiotics, which have not been reported in previous investigations, 

allowing us to hypothesise that it is due to Folate Pathway Antagonists and Aminoglycosides tend to 

be ineffective against strains of A. Baumannii, therefore combinations involving these two anti-drug 

along with Carbapenems are commonly employed to produce beneficial effects for the treatment of 

patients at medical centres. To be more precise Both aminoglycoside and Folate Pathway Antagonist 

resistance seems to be involved in the formation of biofilm, this could possibly be due to antibiotic 
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mutual benefit(Yang et al., 2019)..In our study, we observed that, stronger biofilm forming isolates 

showed more resistance, whereas, in some paper the scenario is quite opposite. It showed the stronger 

the biofilm production, the higher the likelihood of antibiotic sensitivity.(Krzyściak et al., 2017)  

 

In the biofilm-forming A. baumannii, the expression of the bap, ompA, csuE, and bla-PER 

genes were examined molecularly. The majority of isolates had the genes ompA and csuE, with 

percentages of 91 (83.48%) and 92 (84.40%), respectively. In contrast, 97 (88.99%) and 68 (56.88%) 

of the isolates contained the genes bap and blaPER-1. The results of this study indicate that 

overexpression of bap affects biofilm formation in the context of low iron concentrations. These 

biofilm-related genes were found in certain isolates of A. baumannii that formed mild biofilms, 

though. Strong biofilm formation was anticipated given the high frequency of biofilm-related genes 

in A. baumannii isolates.Prior research has also documented a high frequency of csuE in isolates of 

A. baumannii; in Ghasemi et al. and Youn Sung investigations, for example, csuE was found in 100 

and 93.8% of isolates, respectively (Ghasemi et al., 2018), (Sung, 2018). Antimicrobial resistance, 

biofilm formation, and adhesion to human epithelial cells are all likely dependent on A. baumannii's 

ompA (Thummeepak et al., 2016). In our investigation, ompA was found often (81%). Comparable 

outcomes with 84.4 and 68.8% ompA positive isolates, respectively, were reported from Thailand and 

Korea(Sung, 2018; Thummeepak et al., 2016) 

 

 

Conclusion:  

 

Although the majority of GNB(Gram negative bacteria) are mainly identical, each has a few 

distinctive characteristics that make some of these bacteria—like A. baumannii is more difficult to 

deal with than others. The elements that accelerate any given organism to become a successful 

pathogen are the result of several, varied forces coming together(Nesa et al., 2018). Imipenem is still 

the recommended treatment for Acinetobacter infections that are resistant to multiple drugs. Our 

research and other recent studies on biofilm-forming A.baumannii primarily assess biofilm 

formation, and evidence supports a relationship between biofilm formation and multiple drug 

resistance in A. baumannii. Biofilms are the reason for the high rate of A. baumannii infections 

connected to medical equipment, which makes infection control and treatment extremely difficult. 

Hence, in order to prevent device-mediated A. baumannii biofilm-related illnesses, health care 

workers (HCWs) should concentrate on infection prevention and control (IPC) measures or 

activities. They should also exercise extreme caution while using treatments in conjunction with anti-
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biofilms. Thus, one area of interest for future research is the impact of bacteria on biofilms(Kasperski 

et al., 2023). 
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