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ABSTRACT 

Carbapenem-resistant Acinetobacter baumannii (CRAB) strains represent one of the major challenges in contemporary 
medicine because of features that contribute to both the high mortality rate of infections and the ease of their dissemination 
within the hospital environment. The aim of this study was to analyze resistance mechanisms, including the biochemical 
basis of selected mechanisms and their impact on the selection of targeted therapy. This review discusses the key mechanisms 
underlying carbapenem resistance, including enzymatic mechanisms associated with β-lactamase production, as well as non-
enzymatic mechanisms involving efflux pump overexpression, alterations in membrane permeability, modification of target 
sites, and biofilm formation. The analysis also included the genetic background of the major resistance mechanisms. 
Particular attention was devoted to class B and D enzymes due to their high prevalence and broad substrate activity spectrum, 
which contributes to the ineffectiveness of numerous antibiotic groups. The characteristics of individual antibiotics were 
discussed in the context of their impact on therapeutic efficacy in infections caused by CRAB strains, together with selected 
novel therapeutic options, both currently used and still under investigation. The growing importance of molecular diagnostic 
methods, including whole-genome sequencing, as well as bioinformatics tools used both for the improvement of diagnostic 
methods and for monitoring the epidemiological situation at both local and global levels, was also emphasized. One of the 
principal conclusions of this study is the necessity for further high-quality clinical research aimed at generating more robust 
clinical data to support the development of effective treatment regimens. 
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1. Introduction 

One of the most significant public health problems of the 21st century is bacterial resistance to 

antibiotics, driven partly by inappropriate antibiotic use, which in the coming decades will most likely lead to 

a substantial increase in the already high number of deaths caused by infections with multidrug-resistant 

bacteria (Antimicrobial Resistance Collaborators, 2022). 

Acinetobacter baumannii is a non-fermenting, Gram-negative, non-motile bacillus (Karruli et al., 2023, 

p.1). It is a particularly dangerous bacterium for immunocompromised patients, in whom it may cause severe 

infections (Karampatakis et al., 2025). 

It represents one of the major challenges in contemporary healthcare of modern times due to the high 

proportion of carbapenem-resistant strains, which has significantly increased in recent years because of the 

limited number of therapeutic options available against this pathogen (Iovleva et al., 2025; Zhang et al., 2024). 

This results in frequent prolongation of hospital stays, including recurrent hospitalizations, while an 

increasing number of patients with infections caused by this microorganism are admitted to intensive care units. 

Inadequate hand hygiene and prolonged hospitalization may further facilitate the dissemination of A. 
baumannii and promote the selection of strains resistant to additional antimicrobial groups (Boutzoukas & Doi, 

2025; Karampatakis et al., 2025). 

A. baumannii may cause numerous infections, ranging from more localized forms, such as skin and soft 

tissue infections, to severe or systemic infections, including urinary tract infections and meningitis (Ibrahim et 

al., 2021). The most prevalent groups of infections are hospital-acquired pneumonia and bacteremia, with 

associated mortality rates ranging from 40% to as high as 70%, particularly among critically ill patients (Zhang 

et al., 2024; Boutzoukas & Doi, 2025). This represents an especially high proportion compared to other 

carbapenem-resistant pathogens (Shields et al., 2023). 
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The dissemination of multidrug-resistant pathogens, including A. baumannii, is closely associated with 

their resistance mechanisms, which are classified as intrinsic and acquired. β-lactamase production, 

mechanisms associated with the acquisition of resistance genes, and efflux pumps represent only some of the 

factors contributing to therapeutically challenging resistance (Zhang et al., 2024; Shields et al., 2023), which 

will be discussed further in this study. 

Alongside the growing burden of antimicrobial resistance, advances in medical technology have created 

new opportunities for analyzing epidemiological and clinical data, including approaches based on artificial 

intelligence. These tools may support efforts to address antimicrobial resistance, particularly by facilitating 

molecular-level analyses of resistance mechanisms, which are essential for selecting appropriate therapy, and 

by enabling the monitoring of epidemiological trends at local and international levels (Karampatakis et al., 

2025). They may also contribute to drug development and bioengineering, offering prospects for new effective 

therapeutic strategies. 

 

2. Methodology 

This study is a narrative review concerning the resistance mechanisms of carbapenem-resistant 

Acinetobacter baumannii strains and their impact on the selection of targeted therapy. 

The literature analysis was conducted using the PubMed database. The search for publications was 
performed using the following keywords: “carbapenem resistance Acinetobacter baumannii”, “CRAB”, “β-

lactamases”, and “carbapenem resistance Acinetobacter baumannii treatment”. The analysis included English-

language publications published between 2018 and 2025 that addressed the mechanisms of carbapenem 

resistance in Acinetobacter baumannii and contemporary therapeutic strategies for infections caused by CRAB. 

Review articles, guidelines, and meta-analyses with available full text were included, which enabled a detailed 

analysis of the methodology, results, and conclusions presented by the authors. 

Additionally, three older publications, published in 2012, 2013, and 2017, respectively, were included 

solely to expand the description of concepts related to well-established resistance mechanisms. These 

publications did not serve as the basis for discussing current therapeutic regimens. Publications not directly 

related to the subject of this study, duplicating previously presented data, or referring to outdated treatment 

regimens were excluded. 

Both enzymatic and non-enzymatic resistance mechanisms were analyzed, with particular emphasis on 

OXA-type carbapenemases, metallo-β-lactamases, alterations in cell membrane permeability, efflux pump 

overexpression, and biofilm-forming capacity. The impact of these mechanisms on the effectiveness of 

selected therapeutic strategies was also assessed. The collected data were subjected to qualitative analysis and 

narrative synthesis, focusing on the relationships between resistance mechanisms and therapeutic options. 

 

3. Results 

3.1. Resistance Mechanisms 

3.1.1. β-lactamases 

3.1.1.1. Class A 

According to the Ambler classification, class A β-lactamases, which are serine enzymes with serine in 

the active site, are responsible for resistance to several antibiotics, including penicillins, cephalosporins, and 

carbapenems. Some of these enzymes exhibit a narrow spectrum of activity; however, certain variants may 

acquire extended-spectrum activity through various point mutations (Kyriakidis et al., 2021; Gupta et al., 2022). 

Several groups of enzymes are distinguished within this class, although it should be emphasized that 

class A enzymes do not constitute the principal mechanism of carbapenem resistance in Acinetobacter spp 

(Iovleva et al., 2025). Among CRAB strains, enzymes originating from Klebsiella pneumoniae—KPC 

enzymes—have been detected. These enzymes, first identified in Colombia and encoded by plasmids or within 

integron cassettes, include KPC-2, KPC-3, KPC-4, and KPC-10 (Hsu et al., 2017; de Souza et al., 2025) 

Bacteria producing the aforementioned enzymes were also isolated in hospitals in Puerto Rico as early as 2009. 

Other class A enzymes conferring carbapenem resistance in Acinetobacter baumannii are GES enzymes, 

including GES-5, which was isolated in 2010 from patients in a hospital in Riyadh (Gupta et al., 2022). 

Although the structural differences between GES-1 and GES-5 are not substantial, the presence of a serine 

residue at position 170 in GES-5, stabilizing the hydrogen bond with glutamate instead of glycine as in GES-

1, significantly influences the enzymatic activity as a carbapenemase, making GES-5 more than 100 times 

more active in hydrolyzing imipenem (Smith et al., 2012). Genes encoding β-lactamases of this group in 
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Acinetobacter baumannii may be located on plasmids in the blaGES-11 and blaGES-12 variants; however, reports 

of the chromosomal blaGES-14 variant have also been described (Gupta et al., 2022). 

Another group of class A enzymes includes PER enzymes, which, although primarily characterized as 

extended-spectrum β-lactamases, may complicate the selection of therapeutic options. PER-1 has been 

associated with decreased susceptibility through cefiderocol hydrolysis, which frequently represents an 

alternative therapeutic option in infections caused by multidrug-resistant Gram-negative bacilli (de Souza et 

al., 2025; Yousefi et al., 2024). Four studies demonstrated that the prevalence of the blaPER-1 gene ranged from 

20.9% to 24.6%, respectively (Kilbas et al., 2023). Other class A enzymes whose gene detection may be useful 

in clinical practice and epidemiological monitoring include the TEM, VEB, and SVH groups (Kyriakidis et 

al., 2021). 

3.1.1.2. Class B 

Enzymes belonging to class B, also referred to as metallo-β-lactamases, possess carbapenemase activity 

capable of hydrolyzing virtually all β-lactam antibiotics except aztreonam. Zinc ions are essential for their 

enzymatic activity, distinguishing them from other β-lactamase classes. This class is divided into three 

subgroups, B1 to B3, and includes enzymes such as NDM, VIM, and IMP, as well as enzymes less 

characteristic for A. baumannii, including GIM, SPM, AIM, DIM, TMB, and FIM (Karampatakis et al., 2025, 

p.7). Enzymes of the B1 and B3 subgroups contain two zinc ions within their molecular structure. 
The first coordinatively interacts with the oxygen atom of the substrate carbonyl group, whereas the 

second interacts with the carboxylate anion, which, together with the additional participation of amino acid 

residues, significantly stabilizes the enzyme–substrate structure during hydrolysis. In the case of B2 subgroup 

enzymes, stabilization is ensured by a single zinc ion (Wang & Chou, 2013). Unlike serine β-lactamases, the 

enzymatic mechanism is not associated with the formation of an acyl–enzyme intermediate but rather with the 

direct attack of a water molecule on the β-lactam ring (Wang & Chou, 2013; Smith et al., 2012). 

This difference in the reaction mechanism determines the ineffectiveness of most β-lactamase inhibitors 

against these enzymes. Simultaneously, due to a different active-site fitting model, metallo-β-lactamases do 

not efficiently hydrolyze monobactams, making them a highly important therapeutic option. 

Importantly, as previously mentioned, metallo-β-lactamase activity, unlike that of serine β-lactamases, 

is not inhibited by typical inhibitors such as clavulanic acid or sulbactam, but rather by chelating compounds 

such as EDTA and 1,10-o-phenanthroline. Compared with oxacillinases, which occur more frequently in 

Acinetobacter spp., MBL activity against carbapenems is 100 to 1000 times greater (Hsu et al., 2017; Gupta 

et al., 2022). These enzymes are encoded by mobile DNA elements, including plasmids and integrons, 

facilitating their transfer between different Gram-negative bacteria (Kyriakidis et al., 2021). Some enzyme 

variants exhibit characteristic endemic distribution. VIM-1 and VIM-4 are most commonly identified in 

Greece, whereas VIM-2 predominates in South Korea. The presence of other enzymes, such as IMP-1, SIM-

1, and SPM, has been described not only in South Korea but also in Iran and Morocco. 

Although VIM-producing strains had been reported earlier and remained predominant for some time, 

NDM-1- and NDM-2-producing strains had already emerged by 2012 and subsequently spread, leading to 

numerous outbreaks associated with severe clinical courses (Karampatakis et al., 2025). These metallo-β-

lactamases, capable of efficiently hydrolyzing virtually all β-lactams, including cefiderocol, are usually 

plasmid-encoded by the blaNDM gene, thereby creating favorable conditions for the dissemination of infections, 

although the prevalence of this gene in the United States and Europe has been estimated to remain below 2% 

(Spernovasilis et al., 2025; Karruli et al., 2023). 

Notably, the genes encoding these enzymes were particularly frequently detected in strains originating 

from India, where they were associated with pneumonia, catheter-related infections, and bacteremia, with 

mortality exceeding 50% (Jean et al., 2022). A similar situation involving a blaNDM-1-positive clone causing 

high-mortality infections was described in a study from Pakistan (Jiang et al., 2022), emphasizing the highly 

dangerous nature of this phenomenon. It should be noted that phenotypic detection of MBL-producing 

organisms is insufficiently sensitive; therefore, next-generation molecular methods should primarily be used 

for this purpose (Kyriakidis et al., 2021). 

3.1.1.3. Class C 

Class C β-lactamases, similarly to class A and D enzymes, belong to serine enzymes. Expression of 

genes associated with the production of enzymes of this class may be constitutive or inducible, whereas the 

localization of encoding genes may be either chromosomal or plasmid-mediated (Taesoongnern et al., 2025). 

These β-lactamases are capable of hydrolyzing substrates across an extended spectrum of β-lactams. An 

example is the cephalosporinase enzyme ADC, chromosomally encoded and naturally occurring in A. 
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baumannii strains (Karampatakis et al., 2025; Kyriakidis et al., 2021). It should be noted that these enzymes 

generally do not hydrolyze carbapenems; however, the β-lactamase ADC-68 has been identified as possessing 

carbapenemase activity, which has been experimentally confirmed (de Souza et al., 2025; Karampatakis et al., 

2025). Nevertheless, the absence of direct hydrolytic activity against carbapenems in most enzymes of this 

group is not without significance in the context of selecting targeted therapy. 

3.1.1.4. Class D 

Class D β-lactamases mainly include enzymes exhibiting hydrolytic activity against oxacillin, referred 

to as oxacillinases. In Acinetobacter baumannii, numerous subgroups belonging to this enzyme class are 

present, including subgroup (i) enzymes: OXA-23, OXA-27, OXA-49, and OXA-239; subgroup (ii): OXA-24, 

OXA-25, OXA-26, OXA-40, and OXA-72; subgroup (iii): OXA-51; subgroup (iv): OXA-58; and subgroup 

(v): OXA-143 and OXA-231 (Hsu et al., 2017, p.4). 

Despite the natural production of OXA-51 enzymes by A. baumannii, other enzymes such as OXA-23, 

OXA-40, and OXA-58, which are encoded by acquired genes, are of greater significance in the context of 

clinically relevant carbapenem resistance. Simultaneously, certain genetic mechanisms associated with mobile 

elements such as ISAba1 may enhance OXA-51 expression, resulting in a substantial increase in carbapenem 

resistance (Iovleva et al., 2025; de Souza et al., 2025). 

OXA-23, discovered in 1985, has spread globally and remains the dominant enzyme described in 
international studies. Production of this oxacillinase depends on the blaOXA-23-like gene, and one study 

demonstrated that a strain acquiring this gene via a plasmid also exhibited overexpression of the AdeABC 

efflux pump, suggesting that the aforementioned gene may be associated with other genetic resistance 

mechanisms (Boutzoukas & Doi, 2025,; Ibrahim et al., 2021). 

Strains producing the OXA-58 enzyme encoded by the blaOXA-58 gene have been isolated in various 

countries, including the United States, the United Kingdom, Greece, and Italy, although with varying 

prevalence (Thacharodi et al., 2024). Although sulbactam resistance has been associated with the 

dissemination of OXA-23-producing strains, the introduction of durlobactam, a non-β-lactam inhibitor, 

significantly restores its effectiveness (Karruli et al., 2023). 

3.1.2. Efflux Pumps 

One of the non-enzymatic resistance mechanisms of A. baumannii involves efflux pumps, which are 

transmembrane proteins that use active transport to remove compounds toxic to the bacterium, including 

antibiotics, from the bacterial cell (Jiang et al., 2022; Taesoongnern et al., 2025). Among the thoroughly 

characterized pumps are the AdeABC, AdeFGH, and AdeIJK systems. In the context of carbapenem resistance, 

the most significant described pump is AdeABC, whose production is regulated by the adeRS gene. Together 

with oxacillinase production, efflux pump overexpression contributes to high-level carbapenem resistance 

(Thacharodi et al., 2024). 

3.1.3. Alterations in Membrane Permeability 

Reduced expression or mutation of porin channels located in the bacterial outer membrane constitutes 

another mechanism underlying bacterial resistance. Their mode of action is opposite to that of efflux pumps 

because, firstly, they mediate transport into the cell and, secondly, they are involved in passive transport. 

Several outer membrane proteins exist, including CarO, HMP-AB, and OMP; however, particular emphasis is 

placed on the role of the CarO protein, with a molecular weight of approximately 25 kDa, in the context of 

carbapenem resistance due to its decreased expression (Thacharodi et al., 2024). 

An additional factor influencing membrane permeability may involve alterations in pore charge or size 

resulting from mutations in the gene encoding a given protein, or structural modifications associated with the 

composition of lipopolysaccharide located within the outer membrane, ultimately leading to impaired 

antibiotic diffusion (Marino et al., 2024). 

3.1.4. Target Site Modifications 

Mutations associated with the target sites of antibiotic action constitute a resistance mechanism affecting 

both β-lactam antibiotics and fluoroquinolones; however, these mechanisms differ with regard to the 

aforementioned “target site.” In the case of fluoroquinolones, the target is the gyrA gene responsible for the 

production of the gyrase enzyme, resulting in decreased antibiotic affinity. For β-lactam antibiotics, the targets 

are penicillin-binding proteins (PBPs), and structural modifications of these proteins may contribute to 

decreased susceptibility to carbapenems; however, it should be emphasized that some described mutations did 

not produce such an effect (Taesoongnern et al., 2025). 
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3.1.5. Overexpression of Resistance Genes 

The phenomenon of gene overexpression, repeatedly described in the resistance mechanisms discussed 

above, represents a particularly significant process frequently resulting in a marked increase in the quantity of 

produced enzymes. Resistance genes may be located on chromosomes as well as on plasmids transferred 

between bacteria through mechanisms of horizontal gene transfer (Franzone et al., 2024). Mobile genetic 

elements include insertion sequences, integrons, and resistance islands (Thacharodi et al., 2024). 

Due to the therapeutic importance of cefiderocol in the treatment of A. baumannii infections, it is worth 

noting that overexpression of certain proteins associated with iron transport, caused for example by a 

frameshift mutation, consequently led to increased MIC values for this antibiotic (McCreary et al., 2021). 

Owing to advances in bioinformatics technology, whole-genome sequencing has become widespread, 

providing enormous amounts of information for the analysis of resistance genes and phylogenetic studies, 

particularly concerning strains characterized by high epidemic potential (Hamidian & Nigro, 2019). 

3.1.6. Biofilm 

The last resistance mechanism discussed in this section is biofilm formation. It is exceptionally 

significant because it impairs antibiotic penetration, particularly that of large-molecule agents, thereby 

contributing to the protection of bacterial cell populations embedded within it (Marino et al., 2024). 

In the case of CRAB strains, adhesion to central venous catheters and other types of medical devices 
represents an important factor associated both with the frequency of infections and with their severe clinical 

course. The use of disinfectants containing antibiotics leads to the selection of highly resistant strains, while 

the presence of biofilm additionally creates favorable conditions for the escalation of this phenomenon 

(Medioli et al., 2022). In both infection prevention and treatment, the importance of bacterial biofilm removal 

and environmental decontamination should not be overlooked (Medioli et al., 2022). 

 

3.2. Treatment 

3.2.1. β-lactam Antibiotics 

3.2.1.1. Carbapenems 

In the case of CRAB infections, carbapenems are generally not used as monotherapy. However, they 

may constitute a component of combination therapy, provided that they are administered at high concentrations 

and delivered by prolonged infusion. One possible combination involves the addition of colistin to carbapenem 

therapy, although it should be emphasized that some analyses did not demonstrate significant differences in 

endpoints associated with positive therapeutic outcomes compared with colistin monotherapy (Shields et al., 

2023). 

3.2.1.2. Ampicillin–Sulbactam 

One of the recommended combinations of a β-lactam antibiotic with a β-lactamase inhibitor in the 

treatment of infections caused by Acinetobacter baumannii is ampicillin combined with sulbactam, a 

competitive, irreversible, semisynthetic β-lactamase inhibitor. It also exhibits activity against PBP1 and PBP3 

(Iovleva et al., 2025; Najafabadi & Soltani, 2024; Doi, 2019). It is characterized by good penetration into the 

lower respiratory tract, which places it highly within recommendations concerning invasive CRAB infections 

(Iovleva et al., 2025). In the case of bacteremia, ampicillin–sulbactam may also be applied therapeutically, 

although in combination with a carbapenem (Mancuso et al., 2021). High antibiotic doses are recommended 

for treatment initiation in order to quantitatively overcome resistance mechanisms against this combination, 

which frequently result from the production of class C and D β-lactamases (Franzone et al., 2024). 

3.2.1.3. Sulbactam–Durlobactam 

The combination of sulbactam with durlobactam, a novel β-lactamase inhibitor belonging to the 

diazabicyclooctane group, represents another promising therapeutic option against CRAB. Durlobactam 

strongly inhibits class A, C, and D β-lactamases, although it remains ineffective against metallo-β-lactamases. 

Additionally, it acts on PBP2 proteins, with which sulbactam does not interact (Choi & Kim, 2024). 

Studies investigating this combination demonstrated more than a 32-fold reduction in MIC values in the 

treatment of A. baumannii strains, half of which were carbapenem-resistant, compared with sulbactam alone, 

(Yahav et al., 2020) while high antibiotic doses did not result in significant electrocardiographic abnormalities 

(McLeod et al., 2024). 

3.2.1.4. Cefiderocol 

This antibiotic belongs to the group of a novel siderophore cephalosporins, exhibiting a mechanism of 

action typical for this class, although characterized by an atypical mode of transport into the microorganism. 

Its molecule contains a catechol moiety enabling binding of free iron ions, after which it penetrates the bacterial 
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cell through the iron transport system (Piperaki et al., 2019). In the periplasmic space, cefiderocol detaches 

from iron ions, after which its conventional β-lactam mechanism of action begins. It should be noted that this 

antibiotic is inactive against Gram-positive bacteria; however, it retains activity against Gram-negative 

bacteria, including certain carbapenem-resistant Acinetobacter baumannii strains (Choi & Kim, 2024). 

Importantly, it should be emphasized that production of metallo-β-lactamases is in many cases 

associated with decreased susceptibility to this antibiotic; therefore, the decision to include it in therapy should 

also be guided by antibiogram results (Karruli et al., 2023). 

3.2.1.5. Aztreonam + Avibactam 

This represents one of the combinations of a β-lactam antibiotic with a β-lactamase inhibitor; however, 

it is exceptional because it contains the monobactam – aztreonam. This antibiotic is unique because aztreonam 

is resistant to the activity of metallo-β-lactamases such as VIM and NDM, while remaining susceptible to 

serine β-lactamases. Nevertheless, avibactam, acting as their inhibitor, provides protection for aztreonam. 

According to official EMA guidelines from 2024, this combination may be applied in the treatment of 

intra-abdominal infections, complicated urinary tract infections, and hospital-acquired pneumonia 

(Karampatakis et al., 2025). In the absence of this antibiotic, simultaneous administration of ceftazidime–

avibactam together with aztreonam is possible, which has been supported by studies involving A. baumannii 

strains producing metallo-β-lactamases (Yahav et al., 2020). 
3.2.2. Non-β-lactam Therapies 

3.2.2.1. Polymyxins 

Five types of polypeptide antibiotics are distinguished within this group. In pharmacotherapy, the most 

commonly encountered are polymyxin B and polymyxin E—colistin. The mechanism of action of colistin 

involves disruption of outer membrane function through interaction with phospholipids, causing the bacterium 

to lose essential components such as amino acids and nucleic acids. It is important to note that colistin 

demonstrates less favorable pharmacokinetics and greater nephrotoxicity compared with polymyxin B, 

although the majority of studies are focused on colistin (Najafabadi & Soltani, 2024). Despite increasing 

resistance trends, polymyxins retain substantial in vitro activity against CRAB strains. Although therapeutic 

limitations associated with pharmacokinetics and the time required to achieve adequate concentrations within 

the body constitute one of the reasons for including this antibiotic as a component of combination therapy, 

scientific evidence in this area remains inconsistent, as some studies suggest similar effects in monotherapy 

(Piperaki et al., 2019). 

3.2.2.2. Tigecycline 

This antibiotic is a semisynthetic tetracycline derivative whose mechanism of action involves inhibition 

of protein synthesis through binding to the ribosome, specifically the 30S subunit (Iovleva et al., 2025). 

Although evidence confirming the efficacy of tigecycline remains controversial, it appears as a component of 

complex therapeutic regimens for CRAB infections. However, it should be emphasized that one feature 

limiting its application in monotherapy is the inability to achieve adequate concentrations in blood and 

pulmonary tissue. During high-dose therapy with this antibiotic, plasma fibrinogen concentrations should be 

monitored particularly carefully, as their reduction represents one possible toxic effect of the antibiotic 

(Piperaki et al., 2019). 

3.2.2.3. Apramycin 

One of the investigated therapeutic options against CRAB strains is the aminoglycoside antibiotic 

apramycin, currently used in veterinary medicine, particularly in the treatment of gastrointestinal infections in 

pigs and cattle (Gontijo et al., 2021). 

In vitro studies demonstrated a very high susceptibility rate of carbapenem-resistant A. baumannii to 

this antibiotic, exceeding 80% at an MIC value of 32 µg/mL (Isler et al., 2018). However, it should also be 

noted that, to date, this antibiotic has not been approved for use in humans. 

 

4. Discussion 

The analysis of the information presented in the cited publications emphasizes that carbapenem-resistant 

Acinetobacter baumannii strains are among the pathogens requiring the highest level of attention due to the 

microorganism’s characteristics facilitating the dissemination of infections, as well as the therapeutic 

difficulties resulting from resistance mechanisms, which collectively contribute to high mortality rates 

(Antimicrobial Resistance Collaborators, 2022; Medioli et al., 2022). 

Carbapenem resistance itself, although numerous independent mechanisms responsible for its induction 

have been identified, depends largely on their coexistence (Iovleva et al., 2025; Thacharodi et al., 2024). The 
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classical resistance mechanism associated with β-lactamase production may be further enhanced by additional 

mechanisms, including alterations in membrane permeability and modifications of antibiotic target sites, 

thereby reducing the effectiveness of standard therapeutic regimens (Najafabadi & Soltani, 2024). 

Oxacillinases, which belong to class D enzymes, represent one of the most frequently produced enzyme 

groups contributing to carbapenem resistance, particularly the globally distributed OXA-23 enzyme 

(Boutzoukas & Doi, 2025; Jiang et al., 2022). However, the lack of therapeutic benefit associated with 

carbapenem administration in strains producing this enzyme becomes particularly important when considering 

the presence of genes responsible for overexpression, such as insertion elements (Gupta et al., 2022). 

Identification of these genetic elements enables an approximate qualitative and quantitative assessment of 

resistance intensity. A similar situation applies to alterations in the quantity or structure of PBP proteins, 

resulting in a reduced number of target sites. In both of the aforementioned cases, knowledge of the molecular 

basis of resistance indicates that the use of standard antibiotic doses will not achieve therapeutic efficacy 

(Bartal et al., 2022). 

Another approach to counteracting the effects of specific resistance mechanisms involves the addition 

of β-lactamase inhibitors, which suppress enzymatic activity, including through competitive inhibition 

mechanisms in which the inhibitor, rather than the antibiotic, acts as the enzyme substrate (Yahav et al., 2020). 

It should be emphasized that, in the case of metallo-β-lactamases, no widely available substance exhibiting in 
vivo inhibitory activity against these enzymes currently exists. Nevertheless, numerous novel molecules 

currently undergoing clinical investigation may become effective therapeutic agents in the future. 

Certain inhibitors, such as sulbactam, additionally demonstrate activity against PBP1 and PBP3 proteins; 

therefore, combining them with another inhibitor, for example durlobactam, promotes an alternative 

mechanism of antibiotic action (McLeod et al., 2024). 

Cefiderocol, although its mechanism of action does not differ substantially from that of other 

cephalosporins, differs significantly in terms of its transport pathway into the bacterial cell. Utilization of the 

iron ion transport system enables circumvention of certain resistance mechanisms that could otherwise render 

the antibiotic ineffective. Simultaneously, however, inappropriate use of the antibiotic, including inadequate 

dosing, may contribute to the dissemination among bacterial strains of compensatory mechanisms associated 

with iron transport-dependent pathways (Yousefi et al., 2024). 

Despite the large number of available studies describing the mechanisms and origins of resistance in 

increasingly advanced contexts, continuously expanded by novel diagnostic and research capabilities, many 

questions related to infections caused by CRAB strains remain unanswered or ambiguous. There is still a lack 

of an adequate number of high-quality clinical studies upon which unequivocal therapeutic management 

schemes could be established (Onorato et al., 2024; Paul et al., 2022). 

Although institutions dedicated to standardizing the diagnostic process for infections exist, some 

diagnostic methods demonstrate varying degrees of standardization, which appears to constitute one of the 

reasons for difficulties in result interpretation (Gupta et al., 2022). 

 

5. Conclusions 

Knowledge of the resistance mechanisms of Acinetobacter baumannii is of critical importance in 

selecting appropriate antibiotic therapy for infections caused by this bacterium. The multiplicity of these 

interacting factors frequently renders monotherapy insufficient; therefore, the appropriate application of 

multidrug regimens targeting different resistance mechanisms appears to increase the likelihood of therapeutic 

success. 

Further systematization and expansion of knowledge, as well as the development of therapeutic 

management schemes, require a greater number of high-quality clinical studies, particularly concerning novel 

antimicrobial agents. This may contribute both to slowing the progression of resistance associated with 

inappropriate antibiotic therapy and to increasing the probability of achieving favorable treatment outcomes. 

Owing to emerging technologies, molecular assessment of the resistance background, supporting 

therapeutic decision-making alongside antibiogram results, is becoming increasingly widespread and rapid. 

Furthermore, the continued development of international databases associated with these technologies 

represents substantial potential for improving epidemiological tools, which are critically needed for the 

analysis of this phenomenon on a global scale. 
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