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Abstract: Antibiotic resistance represents a critical threat in clinical settings nowadays, with an 

essential ecological dimension. Due to the involvement of the resistance genes, this phenomenon has 

gained an unprecedented expansion. Their accumulation and dissemination are facilitated by mobile 

genetic elements (MGEs) (plasmids, transposons, integrons, genomic islands) that can increase 

intracellular DNA mobility. In clinical settings, one of the critical resistant bacteria associated with 

nosocomial infections is Acinetobacter baumannii. This Gram-negative bacterium exhibits variate 

resistance mechanisms that enable it to survive in extreme environmental conditions and to evade 

antimicrobial agents. The enormous adaptive capacity and the essential role in the emergence of severe 

nosocomial infections lead to the need to study more deeply the mechanisms involved in antibiotic 

resistance in A. baumannii strains. In this review, we will initially present the role of A. baumannii in 

human and veterinary infectious pathology. We will subsequently discuss the main genetic resistance 

mechanisms (both intrinsic and acquired) encountered in A. baumannii strains. 
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1. Introduction 

According to the World Health Organization, one of the critical global warning 

threatening human health is represented by antimicrobial resistance (AR) [1]. The most 

common and severe MDR pathogens have been called within the acronym “ESKAPE” - 

Enterococcus faecium, Staphylococcus aureus, Klebsiella pneumoniae, Acinetobacter 

baumannii, Pseudomonas aeruginosa, and Enterobacter spp. [2]. Among opportunistic 

bacteria, Acinetobacter baumannii is a critical concern both for nosocomial and community-

acquired infections, mainly due to its diverse antibiotic resistance mechanisms [3]. A. 

baumannii is part of the A. baumannii - A. calcoaceticus complex (Acb), initially including 

four species: A. calcoaceticus, A. baumannii, A. nosocomialis, and A. pittii [4]. Subsequently, 

several other species have been proposed for inclusion in this complex: A. seifertii [5], A. 

lactucae [6], and Acinetobacter species "between 1 and 3" [7].  The prolonged resistance to 
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carbapenems and other antibiotics makes the Acb complex one of the biggest challenges in 

hospitals, drastically decreasing the effectiveness of the current treatment 

options. Acinetobacter spp. have been implicated in several pathologies such as pneumonia, 

urinary tract infections, skin and wound infections, infective endocarditis, bacteremia, and 

secondary meningitis [7]. The colonization and infection with multidrug-resistant (MDR) A. 

baumannii are influenced by admission to ICUs, mechanical ventilation, exposure to 

antimicrobial agents, and extended periods of hospitalization [2,8]. The severity of the 

infections is caused by the high ability of this bacterium to survive in extreme environmental 

conditions through the multitude of resistance mechanisms. A. baumannii revealed multiple 

resistance mechanisms, which are based on mutations and the acquisition of ARGs through 

horizontal gene transfer (HGT) (MUNITA & ARIAS [9]. In this review, we will present a short 

general characterization of Acinetobacter species, and the role of A. baumannii in human and 

veterinary infectious pathology. Subsequently, we will discuss the main genetic resistance 

mechanisms (bot intrinsic and acquired) encountered in A. baumannii strains. 

2. A. baumannii - general features 

 Acinetobacter was frequently ignored in the 1960s when isolated from clinical samples, 

being considered a commensal, opportunist, relatively low-grade pathogen. For the past 30 

years, interest in this species has been growing, one of the main reasons being the emergence 

of MDR strains, involving most first-line antibiotic classes. Nowadays, there is a multitude of 

studies on ‘infections and resistant Acinetobacter’ in the international scientific literature.  

Identification of Acinetobacter through phenotypic traits and chemotaxonomic 

methods, to the individual species level, is difficult due to clusters of closely related species. 

There have been described at least 40 genospecies of Acinetobacter [10] identified through 

DNA–DNA hybridization, including the genospecies 1 - A. calcoaceticus, 2- A. baumannii, 4 

- A. haemolyticus, 5 - A. junii, 7 - A. johnsonii, 8 - A. lwoffii and 12 - A. radioresistens. Most 

other genospecies cannot be separated easily with conventional biochemical tests or 

commercial identification systems [11]. Among these species, A. calcoaceticus, A. baumannii, 

Acinetobacter genomic species 3, and Acinetobacter genomic species 13TU are very closely 

related and are difficult to separate from each other phenotypically. Consequently, they have 

been distributed in A. calcoaceticus ‑ baumannii complex [4]. This nomenclature can be 

misleading because A. calcoaceticus has not been involved in clinical diseases, in contrast to 

the other three species that are clinically significant being involved, especially in nosocomial 

infections [2]. 80% of the clinical infections caused by Acinetobacter spp. are associated with 

this group [4]. The deficiency of a robust phylogenetic scenario encompassing all known 

Acinetobacter spp. as well as the unknown position of their last common ancestor severely 

restrains the understanding of the diversification of this genus [5]. 

Solid media often used in clinical microbiology laboratories (sheep blood agar or tryptic 

soy agar) are used to recover Acinetobacter spp. of human origin. Colonies of the A. 

calcoaceticus - baumannii complex, are 1.5 to 3 mm diameter, in contrast with many other 

Acinetobacter species producing smaller and more clear colonies. A. haemolyticus and other 

species not well-defined show hemolysis on sheep blood agar media. This characteristic is not 

present in Acinetobacter isolates belonging to the A. calcoaceticus - baumannii complex [3]. 
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3. Habitat 

Species belonging to the genus Acinetobacter spp. are ubiquitous; they being recovered 

from almost all environmental samples. However, some different species of the genus are 

generally associated with different habitats. Acinetobacter genomospecies 3 is founded in 

water, soil, vegetable products, and colonizes the human skin. A. johnsonii and A. haemolyticus 

are found in water, wastewater, soil, in human feces, and human skin. A. lwoffii and A. 

radioresistens are colonizers of the human skin. Acinetobacter genomic species 11 is found in 

water, soil samples, and in human microbiota [12]. 

It can be dominant in the microbial communities found in numerous habitats, including 

the plant phyllosphere and rhizosphere, bioaerosols, oil, sand, and other hydrocarbon-

containing environments [13]. In contrast to other bacteria causing healthcare-associated 

infections (HAIs), this genus species can survive on dry surfaces long periods.  

According to the last researches, not all species of the genus Acinetobacter are found 

naturally in the environment. Some of them, as A. schindleri and A. ursingii, have been 

recovered only from human specimens. Some Acinetobacter spp. were identified as part of the 

commensal microbiota, being recovered from dry and moist areas of healthy human skin, such 

as the axilla, groin, and toe webs, the oral cavity and the respiratory tract [11]. According to 

previous data, the human skin and mucous membranes colonization by Acinetobacter spp. 

strains were reported by up to 44% of out-patients and up to 75% of in-patients [14]. 

Other species such as A. baylyi, A. grimontii, A. tjernbergiae, A. bouvetii, A. towneri, 

and A. tandoii, isolated from activated sludge, have not been found in human samples. 

Acinetobacter spp. have been associated with food contamination, being recovered from 

vegetables, apples, melons, cabbages, cauliflowers, lettuce, cucumbers, peppers, mushrooms, 

radishes, carrots as well as tubers such as potatoes and cereals such as sweet corn [12]. 

A. baumannii, A. haemolyticus, A. lwoffii, and A. calcoaceticus cam form thin layers of 

microorganisms on glass, medical tools, metals, ceramics, and other inanimate objects, through 

Pilus-mediated biofilms (PMB) [12]. In the hospital settings, there have been isolated from 

reusable medical equipment such a ventilator, tubings, arterial pressure monitoring devices, 

humidifiers, washbasins, plastic urinals, and respirometers. 

4. Adaptative mechanisms of A. baumannii to different environments 

 A. baumanii is not a ubiquitous organism. Despite its association with skin infections, 

A. baumannii is rarely found as part of the healthy skin microbiota. In one study estimating that 

the bacterium colonizes only 3% of the population. A key risk group for infection with A. 

baumanii is represented by the armed forces deployed to conflict zones, such as Iraq, earning 

A. baumannii, the notorious name of ‘Iraqibacter’ [15]. The extreme environmental conditions 

related with these desert campaigns offered a propitious environment for the A. baumannii, 

becoming the main cause of infection among injured soldiers. The study conducted by the US 

Navy hospital ship USNS Comfort (T-AH-20), revealed that 4.1% of all skin and soft-tissue 

infections encountered were related to A. baumannii (axilla, groin and toe webs being the areas 

of highest colonization) [2]. 

The ability to survive in hospital environments lead A. baumannii to become one of the 

most successful nosocomial pathogens [16]. Surviving as a commensal on the skin or hair of 

hospital staff and patients and colonizing a variety of body surfaces, A. baumannii is considered 

widespread in the clinical environments. Various contaminated objects have been identified 
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and could serve as potential reservoirs for this nosocomial pathogen. A. baumannii can adhere 

and colonize indwelling devices such as catheters and respiratory equipment, mattresses, 

pillows as well as biotic surfaces such as those of human epithelial cells [17].mattresses, 

pillows Human utility articles, like computers, mouse, and gloves, and pets, have been 

suggested as causes for the spread of A. baumannii strains. The identification of reservoir 

sources of A. baumannii strains is significant for the control measures [16].  

A. baumannii can survive exposure to common disinfectants - chlorhexidine, phenols, 

gluconate,  on fingertips or dry surfaces, and to long nutrient, starvation due to its ability to 

develop biofilms [18].  

4.1. Human and veterinary infectious pathology 

Once considered, organisms of low clinical significance Acinetobacter spp. (mainly A. 

baumannii, being followed by A. haemolyticus and A. lwoffii) have nowadays emerged as 

important causes of nosocomial infections due to the selection of MDR strains, following the 

introduction of new antibiotics in the clinical practice and agriculture and the use of invasive 

procedures in ICUs [12]. Acinetobacter spp. have been involved in several pathologies such as 

ventilator-associated pneumonia, urinary tract infections, skin and wound infections, infective 

endocarditis, bacteremia, and secondary meningitis [7]. Incidence and mortality due to A. 

baumannii strains are higher than those due to A. pittii or A. nosocomialis; however, the last 

two are frequently isolated from nosocomial infections. These bacteria have been compared to 

methicillin-resistant Staphylococcus aureus (MRSA), being named the ‘Gram-negative 

MRSA’. The incidence of Acinetobacter causing bloodstream infection has been estimated to 

be about ten-fold less than that of S. aureus (1.5% vs. 14%) [19]. 

4.1.1. Nosocomial infections  

A. baumannii is a critical pathogen being responsible for hospital-acquired nosocomial 

infections. However, Acinetobacter spp. is considered to be a low-grade pathogen, and can 

remain on or in the human body without causing illness. When infections become apparent, the 

number of colonized patients is already high; in this case, taking precautions to prevent an 

outbreak is too late. All surfaces in the environment can represent reservoirs for Acinetobacter, 

once an outbreak is established. These organisms are robust survivors, especially in ICU 

settings. They can survive for weeks in dry conditions [19]. 

There is a significant risk if A. baumannii is identified in clinical settings, especially in 

ICUs, where patients are chronically ill, being therefore immunocompromised and spending a 

prolonged period in the hospital unit. Also, at risk of developing A. baumannii infections are 

the patients undergoing surgery, with endotracheal tubes and intravascular, ventricular, or 

urinary catheters, sutures, ventilators, and those under dialysis or antimicrobial therapy within 

the past 90 days. Another risk factor for the acquisition of Acinetobacter is represented by the 

presence and duration of invasive procedures. Another pathway that can lead to the 

development of nosocomial pneumonia or bacteremia involves bacterial overgrowth in the 

stomach. This process may occur under conditions of reduced acid secretion in the stomach, 

such as occurs in many ICU patients [19]. 

Sites for colonization are represented by the respiratory tract, blood, pleural fluid, 

urinary tract, surgical wounds, central nervous system, skin, and eyes. The two most common 

clinical manifestations of A. baumannii strains are nosocomial pneumonia and bacteremia. The 
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A. baumannii strains with a biofilm-forming ability that can produce biofilms on the surface of 

the endotracheal tube may pose a serious concern to those patients who require mechanical 

ventilation. Consequently, this can lead to the relatively high levels of colonization in the lower 

part of the respiratory tract (Fig. 1) [2].  

 
Figure 1. Colonization sites and infections produced by A. baumannii. 

 

The skin and moist mucous membranes exposed through accident or injury and infected 

by A. baumannii present a “peau d’orange” appearance (skin orange-like) followed by a 

sandpaper-like appearance, with translucent vesicles on the skin. In skin disruption zones, it 

may be seen hemorrhagic bullae and a visible necrotizing process associated with bacteremia. 

Failure to treat this infection can lead to septicemia and death. Although A. baumannii is likely 

responsible for these recognizable features, co-pathogens like Klebsiella pneumoniae, Candida 

albicans, and Enterococcus faecalis, are considered a contributing factor. These co-pathogens 

may be responsible for necrotizing infection and may create a gateway into the bloodstream 

for A. baumannii strains [2]. 

 A characteristic manifestation of nosocomial A. baumannii is the wound infection, that 

could be associated with natural or human-made disasters, such as the 1999 Marmara 

earthquake, the 2002 Bali bombing, and military operations. A strikingly high number of deep-

wound infections, burn wound infections, and osteomyelitis cases were associated with victims 

of the Iraq conflict. Isolates often exhibited multidrug resistance [20]. Nosocomial infections 

caused by other species, such as A. johnsonii, A. junii, A. lwoffii, A. parvus, A. radioresistens, 

A. schindleri, and A. ursingii, are rare and are limited to catheter-related bloodstream 

infections. Mortality is very low, and their clinical course is usually benign. 

4.1.2. Community-acquired infections 

A. baumannii is not considered a community pathogen, but in immunocompromised 

individuals and children, it populates tracheostomy sites and can cause community-acquired 

bronchiolitis and tracheobronchitis [21]. 

The most frequent community-acquired infection involving Acinetobacter spp. is acute 

pneumonia, predominantly occurring in warm, humid, tropical environments, especially in 

Australia, Oceania, and Asia, including China, Taiwan, and Thailand [22].  

https://doi.org/10.33263/BRIAC111.81908203
https://biointerfaceresearch.com/


https://doi.org/10.33263/BRIAC111.81908203  

 https://biointerfaceresearch.com/ 8195 

Since the 1980s, about 100 cases of community-acquired pneumonia cases caused by 

Acinetobacter spp. have been described. Meningitis, cellulitis, or primary bacteremia has also 

been reported but more rarely. Patients with acute pneumonia generally have a history of 

alcohol abuse, diabetes, cancer, or bronchopulmonary disease. The course of infection can be 

fulminant, with septic shock in nearly 30% of cases, as well as respiratory failure. Patients 

generally have productive sputum with hemoptysis. The high mortality rate has been related to 

the background of the patient and delays in initiating appropriate therapy [19,23]. 

4.1.3. Veterinary infections 

A. beijerinkii and A. baumannii are among the species of Acinetobacter genera involved 

in animal diseases. Different studies reported chicken, turkeys, and calves septicemia, mastitis 

and metritis in cows, abortions in cattle, pigs and horses, keratoconjunctivitis in cattle, 

omphalitis in calves, ear infections in cats and respiratory infections and Balanoposthitis in 

horses [12].  

Infections due to A. baumannii have rarely been reported in animals. In 2000, 

Vaneechoutte et al. [24] reported the isolation of A. baumannii strains from jugular catheter 

tips collected from horses suffering from a variety of conditions and hospitalized in the Ghent 

University equine clinic. Four of the horses were hospitalized for colic surgery, and three were 

hospitalized for treatment of enteritis.  

Francey et al., in 2000 [25] described 19 cases of A. baumannii infection from an ICU 

for dogs and cats over a 2½-year period (urinary, respiratory, wound, and bloodstream 

infections). They demonstrated that A. baumannii can cause life-threatening hospital-acquired 

infections in small animals and can limit the success of intensive care as well as routine 

procedures. With a mortality rate of 100% in systemically infected patients, it also influenced 

treatment outcomes. 

First molecular analysis of A. baumannii strains responsible for infections in pets and 

horses using established methods previously used for human isolates was made by Endimiani 

et al. in 2011 [26]. They concluded that shortly, veterinary A. baumannii isolates could acquire 

further mechanisms of resistance and evolve into pathogens more challenging to treat. Thereby, 

more extensive screening and epidemiological studies should be performed to investigate the 

impact of animals on the spread of MDR A. baumannii isolates among humans. 

5. Antibiotic resistance mechanisms in Acinetobacter baumannii 

 The severity of A. baumannii infections is caused by the high ability of this bacterium 

to survive in extreme environmental conditions through the multitude of resistance mechanisms 

[27,28]. A. baumannii revealed both intrinsic and acquired resistance mechanisms, which are 

based on chromosomal mutations and the acquisition of ARGs through HGT [9]. AR of A. 

baumannii is driven by multiple mechanisms: drug inactivation/alteration, modification of drug 

binding sites/targets, cell permeability modification, and biofilm formation [29].    

5.1. Intrinsic resistance (IR) 

There are several antibiotic classes towards which A. baumannii posses IR, such as β-

lactams, macrolides, trimethoprim, or fosfomycin [30]. Mechanisms of IR include the existence 

of natural membrane impermeability, the basal activity of efflux pumps, and the presence of 

chromosomally encoded OXA-51 oxacylinase, and of ADC cephalosporinase [31–33]. The 
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efflux pumps contribute to the β-lactams, tetracyclines, fusidic acid, and tigecycline resistance 

[34]. Outer membrane permeability is an important mechanism involved in AR and virulence 

of A. baumannii strains. OmpA porin is associated with aztreonam, chloramphenicol, and 

nalidixic acid resistance [35]. More recent studies have also highlighted the association of 

OmpA with lung infections, sepsis, and high mortality [36,37]. 

5.2. Biofilm and resistance 

Biofilms are sessile microbial cells embedded in a self-producing exopolysaccharides 

(EPS) matrix. In biofilms, bacterial cells possess increased resistance to antibiotics or biocides, 

the host's immune response, antimicrobial agents, and a high ability to survive in extreme 

environmental conditions [38]. The impaired diffusion of antimicrobial agents causes increased 

bacterial resistance in biofilms due to microbial aggregation, overexpression of matrix 

exopolymers, and alteration of phenotypic and genotypic microbial characteristics to stress 

response [39,40]. The phenotypic and genotypic characteristics of bacterial cells are triggered 

when producing quorum sensing (QS) signals in a cell-dependent manner, signals that allow 

communication between cells when significant changes in environmental conditions occur 

[41]. Antimicrobial agents such as antibiotics or biocides can trigger the formation of biofilms 

if administered at concentrations lower than the minimum inhibitory concentration (MIC) [42]. 

Therefore, treating infections caused by biofilm-forming bacteria requires higher doses of 

antibiotics and antimicrobial agents [43]. Also, an association was observed between the 

increased resistance to biocides and the ability to form biofilms, in parallel with the increased 

activity of efflux pumps [44–46]. Both Gram-negative and Gram-positive bacterial biofilms 

are highly resistant, requiring high concentrations of biocides for treatment, suggesting that 

biofilm formation is a natural mechanism of resistance to the action of antimicrobial agents.  

The interaction between biofilms and antimicrobial agents is not fully understood. This 

is especially so in terms of cross-resistance phenomena, which represent an additional 

challenge to prevent the formation of biofilms and eradicate existing ones. 

5.3. Acquired resistance to horizontal gene transfer 

The primary mechanism of acquired resistance is represented by mobile genetic 

elements (MGE). MGEs are fragments of DNA that encode enzymes and other proteins 

involved in intracellular or intercellular mobility. Intracellular mobility occurs within the same 

cell, from a chromosome to a plasmid or between plasmids. Transposons (Tn), except the 

conjugative ones, insertion sequences (IS), and integrons, belong to the intracellular MGE [47]. 

Intercellular mobility occurs through MGEs able of self-replication and conjugative transfer, 

such as plasmids and conjugative Tn. MGE achieve mobilization through transformation               

[48–51].  

Plasmids play an essential role in the accumulation and transfer of ARGs. Especially in 

the case of Gram-negative bacteria, plasmids mediate the development and spread of AR to 

most known antibiotics, including β-lactams, aminoglycosides (AMGs), tetracyclines, 

chloramphenicol, sulfonamides, trimethoprim, macrolides, polymyxins and quinolones 

[52,53]. Usually, the plasmids involved in the resistance phenomenon are conjugative, a 

property that gives them the ability to support both their transfer and the transfer of other 

plasmids. They have mechanisms to control the number of copies and the replication process 

[51]. In A. baumannii, PCR-based on replicon typing methodology, there have been described 
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27 replicase genes classified into 19 homology groups on the basis of their nucleotide 

homology [54].  

The insertion sequences (IS) are simple transposable elements with dimensions 

between 0.7 and 2.5 kb. The presence of two copies of the same IS on either side of an ARG 

forms a complex structure called a compound transposon, which is essential in the 

dissemination of ARGs [55]. The role of IS in AR is due both to their ability to transfer ARGs 

and to mediate the expression of these genes by integrating them into their structure, or by 

providing an active promoter [49,56]. In A. baumannii, there are several IS involved in 

increasing the level of AR. ISAba1, ISAba2, ISAba3, ISAba4, and IS18 are commonly 

associated with the expression of carbapenemase encoding genes [57]. Poirel et al. [58] 

observed that ISAba1 is involved in the dissemination of blaOXA-23 gene from A. radioresistens 

to A. baumannii. Although ISAba1 is considered exclusively in A. baumannii, Segal et al. 

reported the presence of ISAba1 in A. lwoffii, which demonstrates that these elements have 

high mobility [59]. ISAba1 has also been identified upstream of the blaOXA-23-like, blaOXA-51-like, 

blaOXA-58-like, and blaAmpC genes, where it acts as a promoter sequence and increases the 

expression of ARGs [60]. In the case of the blaOXA-23 and blaOXA-51 genes, the presence of 

ISAba1 upstream of these genes is necessary to encode carbapenem resistance [61]. More 

recently, there have been reported ISAba10 upstream of the blaOXA-23 gene. The presence of 

ISAba10 upstream blaOXA-23 gene has been reported to increase its expression by up to 5-fold, 

by providing an additional promoter [62]. In A. baumannii, IS has also been associated with 

metallo-β-lactamases (MBL) from NDM type. It was observed that the blaNDM gene is placed 

between two copies of the ISAba125 in the structure of a compound Tn called Tn125 [58]. 

Similar to other IS, ISAba125 provides a promoter, increasing the expression of the blaNDM  

gene. Robledo et al. reported the role of ISEcp1 in the mobilization of ARGs such as blaCTX-M, 

qnrB19, rmtC, blaACC-1 and blaCMY [63]. In conclusion, IS are genetic elements with an essential 

role in increasing the expression and dissemination of ARGs in A. baumannii. 

Transposons are part of the MGEs category that can mobilize ARGs both 

intramolecularly and intermolecularly. There are two categories of transposons: compounds, 

which have a central gene flanked by two IS elements; complex Tn, which contain the tnpA 

gene encoding transposase, the tnpR gene encoding resolvase, and one or more cargo genes 

[64]. In A. baumannii, transposons contain genes essential for AR, such as blaOXA-23. Studies 

have shown that three main transposons are involved in the dissemination of the blaOXA-23 gene: 

Tn2006, Tn2007, and Tn2008. In Tn2006, the blaOXA-23 gene is flanked by two copies of 

ISAba1, and in the case of Tn2008, there is only one copy. In Tn2007, the blaOXA-23 gene is 

associated with a copy of ISAba4, located upstream of the gene [65]. In terms of carbapenem 

resistance, Tn2006 is considered the most common mechanism [62]. 

Integrons are natural cloning and expression systems that can embed open-reading 

frames (ORFs) by site-specific recombination and transform them into functional genes in the 

presence of a promoter [66]. Integrons play an essential role in the acquisition and 

dissemination of ARGs, both in the case of Gram-negative [67] and Gram-positive bacteria 

(CAMERANESI et al. [68]). There are five classes of integrons, of which the first three are 

associated with MDR phenotypes, having an essential role in the dissemination of ARGs [69]. 

In A. baumannii, class 1 integrons are more represented, having high prevalence in the isolates 

reported from Europe, Asia, and America [70]. This class can be associated with transposons 

derived from Tn402 and can be inserted into large transposons such as Tn21. Also, class 1 

integrons are associated with several IS such as IS26, IS1999, IS2000, and IS6100 [71]. Studies 
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have also shown the association of this class of integrons with different classes of antibiotics. 

Mendes et al. highlighted the association of class 1 integrons with MBL, such as blaIMP-1. All 

the analyzed isolates presented this class of integrons called In86. In86 presents in its structure 

a gene box composed of blaIMP-1, aac(6 ′)-3I, and aadA1. The aac gene (6 ′)-31 encodes the 

most AMGs used in the clinical settings [72]. Class 2 integrons are included in the Tn7 family 

and contain the integrase encoding gene in their structure, followed by gene cassettes. Although 

it is considered that class 1 integrons have the highest prevalence in A. baumannii isolates, 

studies have shown a high distribution of class 2. Fonseca et al. highlighted the presence of 

class 2 integrons in Tn7 in all analyzed isolates. They also observed different gene cassettes in 

the structure of integrons such as: sat2 (encoding streptothricin resistance), dfrA1 

(trimethoprim resistance), and aadA1 (spectinomycin and streptomycin resistance) [73]. 

Due to the combined presence of these resistance determinants, few antibiotics remain 

effective in treating infections caused by this pathogen [62]. For example, in A. baumannii, 

there have been identified more than 20 types of β-lactamases, belonging to all four Ambler 

classes [74–78]. 

Different studies showed that imipenem-resistant A. baumannii constituted more than 

50% of a worldwide collection of clinical trials between 2005 and 2009 [72]. A surveillance 

report from Taiwan in 2000 showed that 73% of isolated A. baumannii collected from 21 

medical centers and regional hospitals were resistant to ceftazidime [79]. Lin et al., in 2014, 

concluded that there are only a few effective anti- Acinetobacter currently available drugs, such 

as polymyxins and tigecycline [80]. Numerous studies have been performed to understand the 

pathogenesis and antibiotic resistance mechanisms of A. baumannii strains in response to AR. 

The difference between Acinetobacter taxonomy using chemotaxonomic methods and 

phenotypic traits is difficult due to clusters of closely related species. Because antibiotic 

susceptibility is very different in different genomic species, identification of Acinetobacter spp. 

is required and very important [62]. 

6. Conclusions 

 A. baumannii strains can be involved in different types of infections, especially in 

hospital settings, highlighting the need to implement appropriate infection control measures to 

limit the spread and decrease the infection rate and mortality. IR mechanisms like natural 

membrane impermeability, constitutive activity of efflux pumps, and biofilm formation have a 

significant role in AR of A. baumannii. Also, the acquisition and dissemination of ARGs 

through MGEs add to the acquired resistance in A. baumannii. The enormous adaptability of A. 

baumannii, as well as the ability to survive in extreme environmental conditions, leads to a 

permanent need to unravel the diversity of mechanisms involved in the acquisition and transfer 

of resistance determinants. The expansion of the resistant bacteria in clinical settings led to the 

need for standardization of techniques for the detection of resistant strains. To this end, the 

transition from laboratory research to entrepreneurial solutions (patenting of new detection 

techniques) represents a critical approach to counteract the dramatic consequences of bacterial 

resistance. 
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