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Abstract 

Acinetobacter baumannii is a Gram-negative bacterium that is responsible for causing infection at different site the bacteria 

have been reported to induce infection in the urinary tracts, wound and burns areas specially in hospitalized cases. The current 

study embraced collecting specimen from 240 clinical cases to identify A. baumanni causes of infection through the period 

between February 2025 until June 2025 at Tikrit Teaching Hospital. All specimens underwent routine culture and biochemical 

identification in addition to confirmation via DL microbiology identification kit, Efflux activity was measured via Ethidium 

bromide method in presence and absence of Efflux inhibitor, in addition, DNA extraction was performed on all isolates to 

detect the presence of adeA gene. Our results revealed that males to female’s ratio was 40:60 while the mean age of them were 

47 and 35 years respectively. A. baumanni was positive in 

13.33the activity of Efflux pump was detected in 78.13% of all 32 A. baumanni isolates. The gene responsible for Efflux pump 

production adeA was found in 84.38% of all isolates. In conclusion, A. baumanni Efflux pump was closely matched 

phenotypically and genotypically in MDR and XDR isolated which greatly support the virulence capability of the bacteria in 

clinical infections. 
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Introduction 

Acinetobacter baumannii's exceptional capacity to endure 
harsh environmental conditions and develop resistance to a 
wide range of antimicrobial agents has made it a significant 
nosocomial pathogen and a serious threat in healthcare 
settings, especially in intensive care units (ICUs). In patients 
who are immunocompromised or critically ill, this Gram-
negative, non-fermentative, aerobic coccobacillus is linked 
to a number of serious infections, such as ventilator-
associated pneumonia, bloodstream infections, urinary tract 
infections, wound infections, and meningitis [1, 2]. 
Membrane-associated protein complexes called efflux 
pumps actively extrude antibiotics and other toxic 
substances from bacterial cells, minimizing intracellular 
drug 
accumulation and efficacy. This is one of the main ways that 
the bacteria develop and maintains multidrug resistance 
(MDR). Because the AdeABC, AdeIJK, and AdeFGH 
systems are known to confer resistance to aminoglycosides, 
fluoroquinolones, β-lactams, chloramphenicol, tetracyclines, 
and other substances, the resistance-nodulation-cell division 
(RND) family of efflux pumps is the most studied among 
the various families [3, 4]. Overexpression of efflux pump 
genes is highly associated with an MDR phenotype and 
treatment failure, frequently as a result of mutations in their 
regulatory elements, such as adeR and adeS [5]. 
Interestingly, it has been determined that the AdeABC 
efflux pump plays a major role in high-level resistance, and 
clinical isolates with extensive drug resistance (XDR) 
profiles often exhibit its activity. 
Moreover, efflux pumps contribute to pathogenicity and 
biofilm formation in addition to facilitating resistance, 
making treatment and eradication tactics even more 
challenging [6]. The increasing incidence of efflux pump-
mediated resistance emphasizes how urgently efflux pump 
inhibitors (EPIs) as supplemental treatments to regain 
antibiotic sensitivity, as well as efficient surveillance and 

diagnostic techniques, are needed. Additionally, horizontal 
gene transfer events and plasmid-mediated dissemination of 
efflux pump genes have been discovered in recent genomic 
investigations, highlighting their role in the swift global 
development of resistance [7]. Understanding the molecular 
mechanisms behind efflux pump production and regulation 
is crucial for developing innovative therapeutic approaches 
and guiding infection control procedures, especially in light 
of the global burden of MDR A. baumannii. This study was 
designated to the study the Efflux pump effect antibiotic 
resistance both phenotypically and genotypically in MDR 
and XDR resistance to antibiotics A. baumannii isolates. 
 

Materials and Methods 

The current study was conducted at Tikrit Teaching 
Hospital and included 240 cases with various clinical 
condition, specimens involved urine, vaginal swabs as well 
as wound and burn swabs were obtained from all 
participants after acquiring written consent form and a 
questionnaire for patient medical record. The study spans 
the period between February 2025 until June 2025. Clinical 
samples submitted to routine culture and identification via 
biochemical test and further confirmed with DL 
microbiology diagnostic system (DL biotech. China). 
 

Efflux pump 

The activity of efflux pump was assessed in all A. 
baumannii isolates according to Ethidium bromide method 
in the presence of Efflux pump inhibitor. Bacterial broth 
was incubated in sterile 96 flat bottom wells plate with 
ethidium bromide in the present and absent of Efflux 
inhibitor. The data were measured via ELISA reader at 
620nm over 6-hour period. 
 
DNA extraction 

DNA extraction was performed on all the isolates following 

the manufacturer procedure (Genomic DNA extraction, 
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Promega, USA) in order to identify the gene responsible for 

Efflux pump. 

 

PCR protocol 

The master mix prepared in the following ingredients, 
13.5μl G2 green master mix (Promega, USA) with 1μl of 10 
pmol for forward and reverse primers (5'- 
GGGCTGATATTACAGGGGTG- 3' and 5'- 
CGCCCAGAAATAGGCGCTCG- 3') in addition to 5μl of 
DNA temples and the volume was calibrated to 25μl with 
nuclease free water. The PCR mix was transferred into PCR 
machine (G storm gradient PCR, USA). The amplification 
protocol was set as initial denaturation at 95ᵒ C for 4 min, 
denaturation at 95ᵒ C for15 seconds, annealing 55ᵒ C for 30 
seconds and extension at 72ᵒ C for 1 min for 35 cycles for 
the last three steps. The PCR products were run on 1.5% 
agarose gel (Promega, USA) for 1h at 80 volts. The Gel was 
viewed with UV transilluminator (ClearView, UK) to detect 
the presence of the 658bp migrated bands. 
 
Ethical approval 

The study was gained ethical approval from Ethical 
Approval Committee at College of Medicine/ University of 
Tikrit (issue number 3/7/570 at 22/12/2024). 
 
Statistical analysis 

The data were analyzed and categorized and analyzed as 
descriptive tables and comparison were made with Qi 
square and tTest wherever required via Graph Pad Prisim 
version 10.1. 
 
Result and Discussion 

According to age distribution of A. baumannii-infected male 
and female as revealed in Table (4.1). The mean age of male 
45.92 years (±14.58), was significantly older than females, 
whose mean age was 37.38 years (±13.22). This age gap 
implies that older men may be more likely than women to 
have A. baumannii infections, potentially as a result of 
immunosenescence, underlying comorbidities, and 
increased exposure to healthcare environments. The higher 
mean age of males is consistent with a number of other 
studies that found that older male patients, especially those 
in intensive care units (ICUs) and those in need of invasive 
procedures or mechanical ventilation, had a greater 
prevalence of the bacterial infections. Distinct 
immunological responses, occupational exposures, or the 
greater probability of males undertaking invasive or surgical 
operations at later ages could all account for this age- and 
gender-based susceptibility [8, 9]. Additionally, due to the use 
of broad-spectrum antibiotics, extended hospital stays, and 
age-related immune function decrease, age has been found 
to be an independent risk factor for both colonization and 
infection with multidrug-resistant A. baumannii [10]. The 
microorganism isolated were mostly obtained from patients 
over 50, with a larger percentage of male cases, especially 
among those with respiratory illnesses, according to a study 
conducted by Liu et al. (2022) [11]. Additionally, since it  

could direct infection control initiatives and risk assessment, 
this finding has clinical significance. It highlights the 
significance of focused monitoring and preventative 
measures for elderly male patients who are at a higher risk 
of contracting severe or multidrug-resistant bacterial 
infections. Since antibiotic resistance is becoming a bigger 
concern worldwide, knowing demographic trends might 
help develop more effective empirical therapy and 
antimicrobial stewardship strategies. 
 

Table.4.1: Mean age of patient group 
 

 

Mean age 

Males Females 

Mean ±SD Mean ±SD 

45.92 14.58 37.38 13.22 

 

The data in Table (4.2) illustrated how the distribution of 

efflux pump activity in isolated of A. baumannii was 

ascertained by phenotypic expression and the adeA gene, 

which was an 

essential component of the AdeABC efflux pump system. 

Of the isolated, 78.13% (25/32) exhibited phenotypic 

indications of active efflux pump production, while 84.38% 

(27/32) proved positive for the adeA gene by genotypic 

analysis. This high prevalence indicates the role of efflux 

pump systems, particularly the AdeABC family, in 

mediating multidrug resistance (MDR) in the microbe. The 

resistance-nodulation-cell division (RND) family includes 

the AdeABC efflux pump, which was controlled by the two-

component system adeRS and encoded by the adeA, adeB, 

and adeC genes. Resistance to a number of antibiotics, 

including as aminoglycosides, fluoroquinolones, β-lactams, 

and chloramphenicol, is closely linked to overexpression of 

this mechanism [3]. Even while the majority of isolates have 

the adeA gene, not all of them may be actively expressing 

the efflux system, as evidenced by the fact that a larger 

number of isolates are genotypically positive (84.38%) than 

those displaying the phenotypic (78.13%). Environmental 

factors that impact gene expression levels or regulatory 

alterations in the adeRS system may be the cause of this 

disparity [4]. These findings align with earlier studies. 

According to Roca et al. (2012) [12], for example, more than 

80% of clinical isolates of A. baumannii included at least 

one AdeABC efflux pump gene, and the presence of these 

genes was highly associated with patterns of multidrug 

resistance [12]. The adeA gene was also found to be present 

in 87% of MDR A. baumannii isolates investigation by 

Abbasi et al. (2024) [13], confirming its significance as a 

primary contributor to the resistance phenotype in clinical 

settings [13]. The significant prevalence of efflux pump-

related resistance emphasizes the necessity of ongoing 

monitoring and the creation of efflux pump inhibitors (EPIs) 

as possible supplements to current antibiotic treatments. It 

also highlights how crucial it is to integrate genotypic and 

phenotypic investigations in order to completely 

comprehend the mechanisms of resistance and inform the 

choice of the best course of treatment as depicted in Fig 1,1. 

 
Table 4.2: Comparison of phenotypic and genotypic expression of Efflux pump 

  

Efflux pump production 
Phenotype expression Genotype expression (adeA) 

No. % No. % 

Positive 25 78.13 27 84.38 

Negative 7 21.88 5 15.63 

Total 32 100.00 32 100.00 
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Fig 1.1: Ethidium bromide Efflux pump inhibition protocol on A. baumannii isolates. 
 

Regarding to the data in Table (4.4) illustrated that 84.38% 

(27/32) of A. baumannii isolated had the adeA gene (Fig 

1.1), a crucial part of the AdeABC efflux pump system. This 

suggests that the virulence-associated gene is highly 

prevalent among clinical strains. Of the isolated, only 

15.63% (5/32) tested negative for the gene. The membrane 

fusion protein encoded by the adeA gene is essential for the 

formation of the resistance-nodulation-division (RND) 

family's functioning AdeABC efflux pump. It was 

increasingly recognized that this system was essential for 

antibiotic resistance, particularly to aminoglycosides, 

fluoroquinolones, and β-lactams, and also plays a part in 

virulence, biofilm formation, and environmental persistence 
[3]. The high percentage of adeA gene positive in this sample 

in line with the results of other recent investigations. 

According to Haeili et al. (2019), for example, adeA was 

detected in 87% of the bacteria isolated [19], whereas Ali et 

al. (2019) [20] discovered the gene in about 80% of isolates, 

especially those with multidrug resistance (MDR) profiles 
[20]. Because mutations in the adeRS two-component system 

frequently regulate the overexpression of the AdeABC 

efflux system, there is a strong link between the existence of 

adeA and resistance phenotypes. Overexpression of this 

pump is a dual role in resistance and pathogenicity, since it 

not only lowers intracellular concentrations of drugs but 

also increases bacterial survival under stress [4]. 

Furthermore, adeA expression has been linked to a greater 

capacity for biofilm formation, which is a key virulence 

mechanism in A. baumannii. According to Eze et al. (2018) 
[15], biofilms allow bacteria to survive on surfaces like 

wounds, endotracheal tubes, and catheters, which leads to 

persistent infections and resistance to both immunological 

responses and medications [15]. The significance of 

incorporating efflux pump genes in molecular surveillance 

programs for virulence and antibiotic resistance is 

highlighted by the prevalence of the adeA gene among 

clinical isolates. It also implies that in order to increase 

efficacy and prevent the emergence of resistance, future 

therapeutic strategies may benefit from the combination of 

efflux pump inhibitors (EPIs) and conventional antibiotics. 

 
Table.4.4. Virulence genes of A. baumannii 

 

Virulence Genes 
Positive Negative Total 

No. % No. % No. % 

adeA gene 27 84.38 5 15.63 32 100.00 

 

 
 

Fig 1.2: PCR amplification of Efflux adeA gene, PCR products run on 1.5% agarose gel at 80v for 1 hour. 100pb control DNA ladder was 

used as control for band size. 
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