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Abstract 
The rise of drug-resistant bacterial infections coupled with declining antibiotic efficacy poses a substantial challenge to universal 

healthcare. A. baumannii is one of the most difficult ESKAPE pathogens and mechanisms that have facilitated its rise as a successful 

pathogen are not well studied. Acinetobacter baumannii is an emerging nosocomial pathogen involved in range of infections 

extending from minor soft-tissue infections to more severe infections such as ventilator-associated pneumonia and bacteraemia. A. 

baumannii has become resistant to most of the commonly used antibiotics and multidrug-resistant isolates are becoming a severe 

delinquent in the healthcare locations. In the past few years, whole-genome sequences of .200 A. baumannii isolates have been 

generated. Numerous strategies and molecular accouterments had been used for genetic manipulation of diverse Acinetobacter spp. 

The severe insidious and nosocomial nature of Acinetobacter baumannii is mainly aided by its ability to form biofilms. 
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1. INTRODUTION  

In 2017, the World Health Organization (WHO) ranked carbapenem-resistant Acinetobacter baumannii as the peak precedence 

pathogen within the WHO’s first-ever listing of priority antimicrobial-resistant pathogens. It is far anticipated that one million A. 

baumannii infections occur worldwide each year, causing 15,000 deaths. Within the United States, A. baumannii is accountable for 

greater than 10% of nosocomial infections, and reasons a diffusion of diseases such as ventilator-associated pneumonia, bacteremia, 

skin and soft tissue infections, endocarditis, urinary tract infections and meningitis (1). Regardless of the urgency to develop new 

antimicrobial tablets, we recognize approximately very little A. baumannii contamination biology and virulence mechanisms 

because only some A. baumannii virulence genes and their regulation were functionally studied (2). 

Acinetobacter baumannii is accountable for approximately 2–10% of all Gram-negative infections in intensive care units (ICUs) 

and substantially improved mortality of infected sufferers (3). Ribotyping and amplified fragment length polymorphism genomic 

fingerprinting processes have identified three international companies of epidemic A. baumannii lines: clone I, clone II, and clone 

III (4). However, the fingerprinting-based techniques can handiest provide very restricted phylogenetic records, and their 

consequences cannot perceive genetic distinctness inside the same clones and amongst different clones. Hence, entire-genome 

sequences are required for thorough epidemiological evaluation and antibiotic resistance profiling of A. baumannii (1). Therefore, 

the objective of this review is to provide highlight current studies concerning A. baumannii.   

2. LITERATURE REVIEW  

2.1. Acinetobacter baumannii Universal Overview  

Since the discovery of penicillin in 1928, antibiotics have been a staple in current medical practices for combating bacterial 

infections. However, as fundamental as they are to global health, research output relating to new antibiotics or viable alternatives 

to antibiotics seems to have stagnated recently.  With ceaseless trend of evolution of antibiotic resistance in bacteria and emergence 

of multidrug-resistant (MDR), extensively drug-resistant (XDR) and pan-drug-resistant (PDR) strains, devising new strategies to 

combat antibiotic resistance are paramount for global health.  Among the pathogenic bacteria which have evolved or acquired 

resistance to antibiotics, a group of pathogens collectively referred to as ESKAPE pathogens (Enterococcus faecium, 

Staphylococcus aureus, Klebsiella pneumoniae, Acinetobacter baumannii, Pseudomonas aeruginosa and Enterobacter species) are 

globally the leading cause of nosocomial infections and therefore, particularly significant in nosocomial milieu (5).   

Table 1: Taxonomic classification of A. baumannii (16) 

Domain                        Bacteria 

Phylum                        Proteobacteria 

Class    Gammaproteobacteria 

Order    Halobacteriales  

Family    Moraxellaceae  

Genus    Acinetobacter  

Species    Acinetobacter baumannii  

Full Scientific Name  Acinetobacter baumannii Bouvet and Grimont 1986 

Strain Designation    2208, 81 

A. baumannii is one of the ESKAPE pathogens routinely implicated in hospital-acquired infections. Due to its innate resilience 

against environmental stresses such as desiccation, nutrient starvation, and acquired resistance to a wide array of antibiotics 

including penicillins and cephalosporins, and last resort antibiotics such as polymyxins and carbapenems, A. baumannii has emerged 

as one of the most successful and challenging pathogens (6-7).  A. baumannii is frequently implicated in nosocomial infections such 

as hospital-acquired pneumonia, bacteraemia, septicaemia, urinary tract infections and meningitis (8).  According to 2010 WHO 

fact sheet on Multi-drug resistant Acinetobacter baumannii (MDRAB), multi-drug resistant strains of A. baumannii were estimated 
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to be responsible for 2 to 10 % of gram-negative infections acquired in ICU in Europe and the USA (9). Due to lack of an active 

surveillance strategy, statistics about nosocomially acquired A. baumannii and MDRAB infections in India are difficult to estimate. 

However, there is growing evidence for increase in infection and mortality rates associated with MDRAB all over the world (10). 

Acinetobacter baumannii is a strictly aerobic gram-negative coccobacillus found commonly in soil. This bacteria generally has low 

virulence and does not commonly infect healthy adults with robust immune system. On the other hand, A. baumannii infections are 

relatively common in immunocompromised individuals such as patients suffering from other infections, transplanted organ 

recipients under immunosuppressant drugs or individuals with congenital or inherited immune disorders (11).  A. baumannii is 

known to form biofilms on infected tissues or abiotic surfaces such as pacemakers, implants, stents et cetera.  Recent evidence 

suggests that some strains of A. baumannii also exhibit resistance to complement mediated opsonisation in vitro and in vivo further 

improving its in-vivo survival.  Improved in-vivo survival in immunocompromised individuals coupled with resistance to wide 

array of antibiotics makes A. baumannii infections particularly difficult to treat (12). Acinetobacter species are glucose-non-

fermentative, non-motile, non-fastidious, catalase-positive, oxidative-negative, aerobic Gram-negative coccobacilli. Due to clusters 

of carefully associated species, it is tough to distinguish Acinetobacter taxonomy by usage of phenotypic developments and 

chemotaxonomic techniques (13).  

Acinetobacter species, once taken into consideration as opportunistic, low virulence pathogens have now emerged as important 

nosocomial pathogens because of their increase in antimicrobial resistance. It's far an opportunistic pathogen which specially affects 

immunocompromised people, particularly the ones who have skilled a prolonged (>ninety day) sanatorium live (14). The resistance 

is because of numerous mechanisms including production of different forms of beta-lactamases which include oxacillinases. They 

are responsible for a number of hospital acquired infections. To control the spread of Acinetobacter baumannii (A. baumannii) 

inside the medical institution, it's far vital to differentiate the outbreak strain from epidemiologically unrelated Acinetobacter. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Biology of Acinetobacter baumannii (Source: Biology of Acinetobacter baumannii, (22) 

The RstB/RstA system is a ubiquitous TCS (signal transduction systems) composed of the membrane-associated histidine kinase 

RstB and its cognate response regulator RstA. In Escherichia coli and Salmonella, RstA is under the control of the PhoP/PhoQ 

TCS, which monitors extracellular Mg2+ levels, and up-regulates the acid-induced asr(acid shock RNA) gene and the biofilm 

regulator csgD gene under acidic conditions. Overexpression of RstA in Salmonella enterica serovar Typhimurium induced 

degradation of RpoS and altered biofilm formation (15). 

According to Edward Geisinger and Ralph R. Isberg, 2013, recent survey reported that most hospital-acquired A. baumannii 

infections are Multi Drug Resistant (MDR) (17), and strains resistant to all clinically useful antibiotics are emerging. Observations 

such as these have led the Infectious Diseases Society of America and Food and Drug Administration to designate A. baumannii a 

high priority target for new antibiotic development. Novel approaches to treat A. baumannii are urgently needed (18). 

A number of A. baumannii resistance mechanisms are known, these includes, Presence of the porin channels, efflux mechanisms 

and the non-static behavior of the bacteria in hot and humid conditions equip the species with extensive antimicrobial resistance(19). 

It is believed that among the many factors which are responsible for the MDR character of A.baumannii is the presence of rstA 

gene, though its actual mechanism of action and genetic characterization is not fully disclosed.  It was seen in different studies that 

A.baumannii is resistant to many of the available antibiotics (20, 21). The clear mode of action of antibiotic resistance is not known 

but many mechanisms were proposed leading to a detail genomic studies for development of curative drugs.  
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This calls for the comparison of isolates at the subspecies degree that's carried out by epidemiological typing strategies. Phenotypic 

typing structures based totally on biochemical profiles (biotyping), antibiotic susceptibility patterns, serological reactions 

(serotyping), phage typing and protein profiles have in most cases been replaced by way of molecular typing systems like ribotyping, 

Pulsed-field gel electrophoresis (PFGE), Amplified fragment length polymorphisim (AFLP) analysis, Random amplification of 

polymorphic DNA (RAPD) and many more (23). 

A. baumannii is able to gather antibiotic resistance mechanisms which allow this organism to persist in clinic environments and 

facilitated the global emergence of MDR lines. The fast emergence of multi- and pandrug-resistant lines of Acinetobacter highlights 

the organism’s capacity to quickly acclimatize to selective adjustments in environmental pressures. The three crucial appliances of 

antimicrobial resistance are (24) enzymatic degradation of antibacterial pills, (25) alteration of bacterial proteins which can be 

antimicrobial goals, and (26) modifications in membrane permeability to antibiotics. In latest years, it has been targeted as a 

“crimson alert” human pathogen, arising largely from its enormous antibiotic resistance spectrum (27). 

According to Meenu G. et al., 2018, stepwise systematic identification and characterization of the potential drug targets of A. 

baumannii American culture strain were conducted, these steps includes Retrieval of essential proteins of A. baumannii, 

Identification of non-human homologous essential proteins in A. baumannii, Metabolic pathway analysis, Unique pathway 

identification i.e. unique metabolic pathways of Acinetobacter were identified through the manual comparison of metabolic 

pathways of both Acinetobacter and H. sapiens using KEGG Database, Subcellular localization of metabolic proteins (essential 

non-human homologous protein involved only in unique pathways) of A. baumannii to identify the cellular localization of these 

putative therapeutic targets and Drug target prioritization(28).  

On the other note, it has been said that A. baumannii will evolve right into a veterinary nosocomial pathogen similar to extended 

spectrum beta- lactamase (ESBL)-generating Enterobacteriaceae and methicillin-resistant Staphylococcus aureus (MRSA) and that 

the dearth of attention paid to A. baumannii in veterinary medication is even more traumatic (29), as reviews suggest a transmission 

between human beings and animals.  

In livestock (cattle, pig), A. baumannii has been witnessed as a cause of mastitis, pneumonia, and sepsis. Horses have been reported 

to develop wound contaminations, septicaemia, and bronchopneumonia as well as neonatal encephalopathy and eye infections. In 

dogs and cats A. baumannii has been isolated from wound, bloodstream and urinary tract infections (30). In another investigative 

report more than 350 isolates of A. baumannii which were resistant to many antibiotics were described by many literatures in 

different species of animals i.e. cat, cow, horse, chicken geese and insects including moth fly (31).     

2.2. Genomic data  

The first A. baumannii strain to be sequenced was ATCC 17978 (32). Since the 1980s, three main epidemic A. baumannii lineages, 

denoted to as clonal complexes I, II, and III (CC1, CC2, and CC3, respectively), have spread worldwide and are responsible for the 

majority of hospital outbreaks caused by A. baumannii (33). Ninety five complete A. baumannii genome sequences and greater than 

2,000 draft genomes are available within the GenBank database. Maximum of the genome studies were accomplished with strains 

belonging to the worldwide clonal lineage (ICL) 1 and 2 (34).  

The whole genome sequences of ten A. baumannii lines had been defined thus far, these are: 1656-2, AB0057, AB307-0294, 

ACICU, ATCC 17978, AYE, MDR-TJ, MDR-ZJ06, SDF and TCDC-AB0715. Nine of these are nosocomial isolates, while A. 

baumannii SDF changed into remoted from a human body louse. These genome sequences have confirmed massive divergence due 

to the acquisition and accretion of numerous cellular genetic factors, particularly those contributing to antimicrobial resistance (35).  

2.3. Pathogenesis 

The real mechanism of pathogenicity is doubtful but one of a kind genomic and experimental research have identified virulence 

genes involved in pilus biogenesis, iron uptake and metabolism, quorum sensing and type IV secretion system. Despite the fact that 

nematode model are used to display the potential virulence genes however novel genes in A. baumannii with considerable role in 

pathogenicity that haven't begun to be assessed in mammalian model (36).  

A. baumannii can be transmitted via the area of affected patients or colonizers including linens fomites, curtains, mattress rails, 

tables, sinks, doors, feeding tubes, or even medical equipment. Contamination of respiratory support, suction gadgets, and devices 

used for intravascular access could be an important sources of contamination. (37). The respiration tract, blood, pleural fluid, urinary 

tract, surgical wounds, central nervous system, pores and skin, and eyes are places for contamination or colonization. The pathogen 

is known to purpose infections including pneumonia, bacteremia, endocarditis, skin and clean tissue infections, urinary tract 

infections, and meningitis. (38)  

These days, research specialize were focused in virulence elements for the genus Acinetobacter. Genomic approaches, together with 

phenotypic assays and infection models, have contributed in the identification of important virulence factors for A. baumannii that 

play a role in pathogenicity (39). Virulence elements concerned in adhesion and motility (e. g. ompA), biofilms and its regulation 

(e.g. Bap, Flagelum Csu, PNAG, BfmSR), evasion of the immune system (e. g. pill, LPS), and iron uptake (e. g. acinetobactin) have 

been studied (40). 

2.4. Multi drug resistance profile   

Currently, the isolates of A. baumannii are resistant to all available antimicrobials have been reported. The hard work of scientific 

community resulted in discovery of many antibiotics, but their misuse resulted in high degree of resistance. It can be said that pre-

antibiotic era has started, where again microbes with greater killing capacity are in abundance. Acinetobacter has been endowed 

with the genetic setup for rapid development of antimicrobial resistance, and is known as a natural transformant. Scientific literature 

is full of reports stating it as one of the toughest bacteria (41). 
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Although a widespread range of studies have been dedicated to optimizing the use of presently available marketers or figuring out 

any mixture thereof, new chemical entities have now not been developed for the treatment of MDR A. baumannii infections since 

the creation of tigecyclin in 2005. As a consequence, the need for brand new agents to treat infections caused through A. baumannii 

is pressing (42). 

Amongst the many ways of mechanism of resistance of selected antibiotics by the Acinetobacter baumannii species few are believed 

to be studied well and compiled. Buddha et al., 2013, mentioned in citation that the resistances to β-Lactam in A. baumannii are: 

hydrolysis by betalactames, modifications in PMPs that forestalls their movement, alteration within the shape of outer membrane 

protein (OMPs) and different protein consisting of penicillin binding proteins (PBPs) and accelerated capacity of Efflux pumps. In 

A. baumannii, there is greater device for resistance to aminoglycosides referred to as amino glycosides modifying enzymes (AMEs). 

Amendment in the shape of quinolones resistance figuring out areas of gyrA and parC gene is liable for the quinolones resistance. 

The core mechanism of resistance to liable for colistin, that is a factor for polymixin resistance, lies inside the change of 

lipopolysaccharide of A. baumannii (43). 

Clinical use of polymyxin against A. baumannii isolates has validated to be extraordinarily a success. Exceptional retroprospective 

reported up to 87% remedy (44 and 45). Polymyxin had been examined considerably in combination regimes with others marketers 

to deal with MDRAB. Among those aggregate colistin and carbapenem combination confirmed advanced result that is supported 

by the work performed by Falagas et al., 2010 (44).   

According to Sean Yang, 2013 Susceptibility of A. baumannii strains to 18 antimicrobial agents was tested by disc diffusion 

following the Clinical and Laboratory Standards Institute (CLSI) recommendations, in this study two A. baumannii strains were 

resistant to all tested antibiotics including Ampicillin, Aztreonam, Ceftazidime, Ceftriaxone, Cefuroxime, Chloramphenicol, 

Ciprofloxacin, Colistin, Gentamicin, Imipenem, Mecillinam, Meropenem, Penicillin, Piperacillin/Tazocin, Sulfonamide, 

Tigecycline, Tobramycin, and Trimethoprim. (1).  

In a study conducted at Reunion Island (46) it was shown that A. baumannii strains were present outside the hospital setting with 

great diversity. Further studies were also recommended to explore more precisely those extra-hospital reservoirs of A. baumannii 

in the Island and the possible ways of dissemination 

Little is known about the natural prevalence of Acinetobacter spp. in animals or whether or not animals honestly are a reservoir 

from which spread to humans occurs. It should be noted that some Acinetobacter spp. are commensal in animals like they'll 

additionally constitute the normal flora in human, however those Acinetobacter spp. appear to be unrelated and are in distinct in 

their sequence types and resistance patterns from those found in humans. At the present time A. baumannii represents an important 

veterinary nosocomial pathogen. However, it seems that the majority of A.baumannii infections in veterinary medicine are 

secondary and as a sequela might be fatal or lead to euthanasia in some instances. The recent report on A. baumannii infection in 

farmed mink might be regarded as an exception with reference to the associated fatal pneumonia. In other species relevant to 

veterinary medicine, fatal pneumonia as a sequela of A. baumannii infection appears rare. The emergence of cases of infections in 

companion animals associated with carbapenem-resistant isolates emphasizes the need for accurate diagnostics (30). 

According to J.H. van der Kolk et al., 2018, animal isolates show high genetic diversity and are in general distinct in their sequence 

types and resistance patterns from those found in humans. However, it cannot be excluded that animals may occasionally play a 

role as a reservoir of A. baumannii. Thus, it is of high significance to implement infection control measures in veterinary hospitals 

to avoid nosocomial outbreaks with multidrug-resistant A. baumannii (47). 

2.5. Biofilm Formation  

In nature, significant amount of bacteria are prearranged in surface-connected communities, referred to as biofilms. Biofilm 

producing organisms adhere onto abiotic or biotic surfaces, and are surrounded within extracellular polymeric matrix 

(phospholipids, proteins, polysaccharides, and nucleic acids) which is produced by the bacteria themselves (7). Within biofilms, 

bacterial cells are sheltered against different adverse environmental situations such as disinfectants, ultraviolet (UV) light radiation, 

osmotic changes, pH variability, dehydration, antimicrobial agents, host immune responses and metal toxicity (48).  

Among the many suggested virulence determinants in A. baumannii microbial functions such as cell communication, surface 

regulated attachments, and secretion of macromolecules are essential factors for biofilm formation (49). A. baumannii expresses 

several virulence genes which make it a successful pathogen in humans and animals. Some of these factors such as K1 capsular 

polysaccharides, surface antigen protein 1, iron acquisition systems, outer membrane porins, acinetobactin transporters together 

with resistance to the majority of antibiotics have made A. baumannii an increasingly important pathogen (50). A. baumannii harbors 

repertoires of biofilm-related virulence genes and proteins which contribute to its ability to adhere and form biofilms on biotic and 

abiotic surfaces (51). The presence of these genes makes A. baumannii remain viable in diverse environments and a formidable 

force against antimicrobials and immune cells.  

According to Rahimi S., et al., 2018, except the statistical evaluation of the connection among biofilm-forming capacity and 

antibiotic resistance phenotypes amongst all scientific A. baumannii strains using one-way ANOVA test indicated that biofilm 

formation ability of non-MDR A. baumannii isolates changed into significantly higher than that of MDR and XDR ones (P < 0.001), 

suggesting an inverse relationship among biofilm formation ability and the acquisition of MDR/XDR phenotypes. Investigation of 

the relationship between biofilm-forming capacity and antibiotic resistance phenotypes among A. baumannii most important IC 

types (ICI and ICII) additionally exhibited the sort of massive relationship (P < 0.0001). Plainly the relationship among antibiotic 

resistance phenotypes and biofilm formation capability can be distinctive amongst IC types. 
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3. CONCLUSION  

Globally reported and a major hospital-acquired pathogen Multidrug-resistant Acinetobacter baumannii, is a serious health threat 

and poses great challenge especially to healthcare workers not only in the human but in the animal hospitals. Although there have 

been many genomic studies on the evolution and antibiotic resistance of this species, the available transcriptome studies on its 

responses to antibiotics are very limited. A. baumannii has developed three basic properties to perfectly adapt to current healthcare 

settings: (i) widespread resistance to antimicrobial agents; (ii) ability to colonize skin, plastic intravascular devices and mucous 

membranes and to survive in the hospital environment; and (iii) survival in and on the human host. Circumstantial evidence has 

recommended that antimicrobial resistance is the principal selective advantage that drives the continuing fast growth of specific 

rather tricky clonal lineages. Genomic modification studies has to be conducted intensively with regard to the lower rate record of 

recombinant technology associated researches belonging to A. baumannii. 
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