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Acinetobacter spp., principally Acinetobacter baumannii, are problematic nosocomial pathogens often with multiresistance
to different antimicrobial classes. Until recently, carbapenems remained active against nearly all Acinetobacter spp.
isolates, but resistance is increasingly reported from many countries, caused by acquired metalo-β-lactamases (MBLs) or
OXA-type (class D) carbapenemases. The OXA enzymes may be divided into four main subgroups, the acquired OXA23like, OXA-24like and OXA-58like and the chromosomally located intrinsic OXA-51like associated with ISABA-1 upstream.
Other OXA enzymes recently reported included OXA-143 in A. baumannii. The presence of intrinsic bla OXA-51like
alleles does not correlate with the level of carbapenem resistance of the host isolate, apparently because this gene is
regulated by insertion sequences such as ISAba1. Thus, resistance to carbapenems cannot be inferred from detection of bla
OXA-51like alleles. In contrast, alleles encoding OXA-23like, OXA-24like and OXA-58like enzymes were consistently
associated with resistance or, at least, with reduced susceptibility. Typing of these organisms can be important to assess
cases of cross-infections or to identify the sources and modes of spread of the organisms or to assess the diversity and
spread of these organisms over wide geographic areas. Early methods included phenotypic method, but the most frequent
typing methods are genotypic methods like macrorestrition analysis by pulsed-field gel electrophoresis (PFGE),
ribotyping, PCR based fingerprinting, AFLP analysis and multilocus sequence typing system.
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Acinetobacter spp. is a glucose non-fermentative Gram-negative coccobacillus commonly found in water and soil [1],
was described in 1911 by Beijerinck [2], other studies have followed resulting in a total of 32 named and unnamed
species today [3].
A phenotypic system for species identification has been proposed by Bouvet and Grimont [2, 4]. In particular, the
genetically closely related species A. baumannii and the unnamed genomic species 3 and 13TU, together with
Acinetobacter calcoaceticus combined in the A. baumannii – A. calcoaceticus (Acb) complex, are difficult to
distinguish by phenotypic tests [5].
Acinetobacter spp. has emerged as one of the most resistant pathogens causing a multiple of community or
nosocomial infections, associated with elevated morbidity and mortality, especially in critically ill, imunosuppressed
patients and those treated with broad-spectrum antibiotics [6-11, 12, 13]. Carbapenems are the agents of choice to treat
serious A. baumannii infections in many centres [14-18].
Exposure of A. baumannii to the selective pressure of potent antimicrobials in the Intensive Care Unit (ICU) has
gradually led to a global prevalence of A. baumannii strains that are resistant to all β-lactams, including carbapenems
[19].
Carbapenem resistance amongst Acinetobacter spp. has been increasing in the last decade, and outbreaks due to
carbapenem-resistant Acinetobacter have been identified worldwide [6-11].
During the past decade, the terms "pandrug resistance", "extensively drug resistance" and "multidrug resistance
(MDR)" have been commonly applied to A. baumannii strains to designate, respectively, resistance to all, to all but one
or two, and to three or more classes of potentially effective antimicrobial agents [20, 21].
The evolution of multidrug resistance is relatively fast, as the main driving force is lateral gene transfer [22], a
process influenced by a wide range of mobile genetic elements. Integrons have often been found in plasmids and/or
transposons that enhance the spread of resistance genes [23]; the class 1 integrons are most frequently isolated from
MDR pathogens, and the ongoing use of antibiotics has swelled their numbers in recent years [24].
Different mechanisms of resistance to carbapenems have been reported, including degradation of the drug by βlactamase, diminished permeability of the outer membrane and, to a lesser extent, overexpression of efflux pumps and
changes in the target site owing to modification of penicillin-binding proteins [9, 25]. Among these, β-lactamases are
the major significant factors which contribute for resistance towards β-lactams. Usually, when the minimum inhibitory
concentration (MIC) of antimicrobials is very high several resistance mechanisms are associated.
The β-lactamases are divided into four classes (A to D) [26]. Carbapenemase-producing A. baumannii has been
reported in many countries worldwide in Europe, South America, North America, Australia and Asia [27-30].
Three (blaIMP-like, blaVIM-like and blaSIM-1) of the 6 known metallo-β-lactamases have been identified in IRAB (A.
baumannii imipenem-resistant), but these are less prevalent than CHDLs (carbapenem-hydrolyzing class D betalactamases), which include blaOXA23-like, blaOXA-24like, blaOXA-51like, blaOXA-58like and blaOXA-143like. BlaOXA51-like is intrinsic to
A. baumannii, while the others are acquired. An insertion sequence (ISAba-1) enhanced expression of the intrinsic
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chromosomal blaOXA-51like gene of A. baumannii [31] and enhanced expression of the acquired blaOXA-23 [32] and blaOXA[31]. The expression of OXA-51 was reported to be up to 8 times greater in the presence of ISAba-1 when compared to
the absence of the promoter sequence [31, 33].
Some of these genes have been reported to be encoded on plasmids, which contribute to the spread of resistance [14].
The source of this gene and the route of dissemination remain to be elucidated but there is evidence that this gene can
be detected in the environment (air, soil and water) and in body lice, as well as in hospitals due to antibiotic selection
pressure [1]. The emergence and spread in low-income countries is worrying since infections due to A. baumannii are
associated with increased mortality as well as increased length of intensive care unit stay [1].
The loss of CarO OMP (outer membrane protein), which forms non-specific monomeric porin channels [34] is
reported to cause carbapenem resistance in A. baumannii [35], though the prevalence of this mechanism has not been
reported; combinations of resistance mechanisms have been observed too [34-37] though, again, the role of CarO loss is
unclear in this context.
The distribution of A. baumannii carrying these different acquired CHDLs genes varies among different regions and
even different hospitals [38, 39].
In Taiwan, in 2000, the imipenem-resistant rate in the intensive care units of 5 major hospitals was 22% [40],
whereas in 2010, it was 66,8% [41]. Another study in Taiwan, in 2012, showed 48,8% of isolates resistant to imipenem
and the most of the isolates carrying blaOXA-23 (93,3%) and they had ISAba-1 upstream the blaOXA-23 gene. All isolates
contained blaOXA-51. The presence of Tn2006 and Tn2008 in these isolates together with the diversity of the pulsotypes
indicated that the preferred mechanism of spread of blaOXA-23 was via transposons, but the spread of blaOXA-23 via
plasmid dissemination cannot be excluded with the use of current method [42].
In Taiwan, OXA-72 enzyme was the major mechanism of carbapenem resistance in A. baumannii, in 2009. OXA-72
enzyme-producing isolates were more resistant to carbapenems than those with ISAba-1-enhanced expression of the
intrinsic OXA-51like enzyme [39].
In India, in 2012, the MIC determination showed that all the clinical isolates of A. baumannii were resistant to
carbapenem, but the levels of resistance were different. Out of 26 clinical isolates, nine were highly resistant to
imipenem (>32µg/mL) [43]. There has been a continuous rise in the resistance of A. baumannii to 35% compared to the
incidence of ≈ 25% in 2004 [44]. Although imipenem resistance due to the presence of number of combination of efflux
pump, OXA-66 and OXA-23 β-lactamase have previously been reported in the other part of world [28, 45] but
imipenem is still a drug of choice.
One study in Brazil, in 2012, showed that 98% of carbapenem-resistant Acinetobacter strains were positive for genes
encoding the enzyme OXA-51like, an enzyme that naturally exists in A. baumannii and has very weak carbapenem
hydrolysing activity [46]. The same study found carbapenemase genes in 44 strains (88%), including 9 blaOXA-51/OXA-23,
5 blaIMP and 38 blaOXA-143 [46]. Imipenem hydrolysing activity was detected in only three strains containing
carbapenemase genes. The OMPs of 29KDa, 33-36KDa and 43KDa previously associated with carbapenem resistance
were decreased or absent, highlighting the importance of alteration of OMPs as a mechanism of carbapenem resistance
amongst Acinetobacter spp [46].
In Brazil, the OXA-23 like oxacillinases and the MBL IMP-1 were so far the most frequent carbapenemase described
[9, 10, 11, 47]. Oxacillinases have a lower carbapenem hydrolysing activity compared with MBLs, but they are still the
most frequent carbapenemases described in this genus of bacteria [48, 49].
In Minas Gerais, a state of Brazil, a total of 73 patients with 84 A. baumannii isolates were obtained in 2009-2010;
that 59% were multidrug resistant, 11% were pan-resistant and 30% were non-MDR. Using the non-MDR isolates as
the control group, the risk factors for the acquisition of MDR Acb were previous surgeries, the presence of co-morbidity
(renal disease), use more than two devices, parenteral nutrition and inappropriate antimicrobial therapy [51].
The prevalence of blaOXA-143like is therefore unknown. A previous study found 76% isolates harboured the blaOXA-143like
gene in Brazil [46]; however two recent studies in Brazil showed different results [52,53]. The first evaluated 30
carbapenem-resistant A. baumannii and showed that 70% carried the blaOXA-143 gene [52] and the second evaluated 83
isolates of carbapenem-resistant A. baumannii and found the blaOXA-143like in only 8,4% of strains [53]. The others found
blaOXA-23like with blaOXA-143like in 16% of strains [46].
The alleles encoding blaOXA-58like enzymes were found in isolates from UK together with alleles for a blaOXA-51 like
enzyme [54]. In Turkey, the authors found 54% isolates were harbouring both blaOXA-51like and blaOXA-58like and were
carbapenem resistant [55]. Several reports have documented the implication of blaOXA-23like and blaOXA-58like genes in
southern European countries including Turkey [56]. In Brazil, they detected only 1 strain in 310 strains with blaOXA-58like
[57].
In Chinese hospital found 74% isolates harboured blaOXA-23like and blaOXA-51like, 23,4% harboured only blaOXA-51like and
2,6% harboured blaOXA-51like and blaOXA-58 [58]. Moreover, 4MBL genes, blaIMP, blaVIM, blaSIM, blaNDM were also search
in all strains and negative results were acquired for all these MBL genes. All the isolates harbouring blaOXA-23like genes
showed positive results when amplified with specific primers for ISAba-1/blaOXA-23like genes; the PCR products of ISAba1/blaOXA-51like genes were only found in the 2 A. baumannii isolates that contained the blaOXA-58like genes. All isolates
were negative for ISAba-1/blaOXA-58like genes [58].
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In Nigeria found 60% isolates harboured the blaOXA-23 gene, while none of the strains harboured blaOXA-24, blaOXA-58
[59].
In Algeria found all strains positive for blaOXA-51 and ISAba-1 genes. 92% isolates harboured a blaOXA-23 gene, 4% (1
strain) harboured a blaOXA-58 gene and 1 strain harboured both blaOXA-23 and blaOXA-58 genes. None of strains harboured
blaIMP, blaVIM, blaOXA-24, blaKPC or blaNDM-1 genes [60].
Molecular characterization and strain typing of such epidemic bacteria is important for the detection of the sources
and mode of spread, which is a main step in order to design targeted infection control strategies.
Among the most common methods currently used for genotyping of A. baumannii are pulsed-field gel
electrophoresis (PFGE) [61-63], amplified fragment length polymorphism (ALFP) analysis [64, 65], multilocus variable
number tandem repeat analysis (MLVA) [66-68], multilocus sequence typing (MLST) [69-72], other PCR based and
sequence based methods [73-76] and whole genome sequencing (WGS) analysis [77-79].
Molecular typing by PFGE analysis has been standardised for A. baumannii and used to study clonal outbreaks and
local epidemiology [61-63].
Macrorestriction analysis of bacterial genomes resolved by pulsed-field gel electrophoresis is frequently referred to
as the gold standard method for typing bacteria. By this method, genomic DNA is digested with low-frequency cutting
enzymes and the resulting, relatively large fragments are separated by pulsed-field gel electrophoresis (PFGE) in which
the electric field periodically changes between spatially distinct electrodes. Different electrophoresis instruments have
been developed of which the contourclamped homogenous electric field (CHEF) systems (Bio-Rad) with a hexagonal
array of electrodes are the most widely used. PFGE is a robust method which allows to compare samples on different
gels, both within and between laboratories which is exemplified by a PFGE profile based network for recognition of
food-borne disease-causing bacteria (http://www.cdc.gov/pulsenet/) [61, 62].
Since the development of the concept in the early 1990s, RAPD analysis and other variants of PCR based
fingerprinting have been used methods for epidemiologic typing bacteria [80]. Primers and conditions for typing an
organism vary between laboratories. Randon amplified polymorphic DNA (RAPD) analysis is based on amplification of
random fragments using short arbitrary primers and low stringency conditions. Repetiteve extragenic palindromic
(REP) and enterobacterial repetitive intergenic consensus (ERIC) fingerprinting are based on amplification of spacer
regions between repeat motifs using outwardly directed primers at high stringency. Usually, DNA preparations prepared
by boiling cells in a simple lysis solution [81] are sufficient to start with amplified fragments can be separated by
agarose gel electrophoresis or by the use of an automated sequencing system if fragments are labelled with a fluorescent
dye [82].
PCR and sequence based methods are frequently used for genotyping of A. baumannii and might be more appropriate
for strain phylogeny and large scale epidemiology. The DiversiLab TM typing method is a repetitive extragenic
plalindromic PCR (rep-PCR) analysis that is able to identify eight distinct clonal lineages distributed worldwide that
include international clones I,III [80, 83].
Traditional ribotyping (as opposed to PCR ribotyping based on comparison of patterns of PCR products of the 16S23S rRNA intergenic spacer region), has been used in numerous studies to type Acinetobacter strains. Genomic DNA is
digested by a restriction enzyme and the obtained fragments are separated by agarose electrophoresis, and then
transferred to a membrane, followed by hybridization with a labelled probe specific for the ribosomal operon. This
method allows to compare profiles between laboratories, was pioneered for the Acb complex by Gerner-Smidt [84] who
used EcoRI, ClaI and SalI as restriction enzymes and a digoxigenin-11-UTP labelled cDNA probe derived from 16S
and 23S rRNA of Escherichia coli.
AFLPTM is the patent name for a highly sensitive DNA fingerprinting method by which DNA is digested with
restriction enzymes followed by selective amplification, electrophoretic separation of fragments and visualization.
Epidemiologic and typing system concordance of the method was demonstrated for a set of well described
Acinetobacter strains from different outbreaks [85]. A limitation of AFLP analysis is that the fingerprints are not
exchangeable between laboratories, probably mainly due to differences in fragment separation systems.
The general view is that PCR based fingerprinting is a highly useful method for rapid local outbreak analysis, but not
suited for setting up data bases for longitudinal or interlaboratory comparison [86]. Comparison of the PCR ribotyping
with PFGE to type 73Acb complex strains revealed that ribotyping was less discriminatory than PFGE, but that the
ribotypes were useful for species identification [87].
A long-range PCR followed by DNA sequence analysis has been used to determine the organisation and gene content
of AbaR-type resistance islands, large genomic regions transposed into the comM gene locus, that were found in MDR
A. baumannii strains assigned to international clonal lineages I and II and contained genes involved in resistance to
drugs and metals [76].
Trilocus sequence based typing (3LST) involves amplification and sequencing of three genes (ompA, csuE and
blaOXA-51like) that are under selective pressure and has frequently been used to identify clonal lineages of outbreak strains
of A. baumannii that were assigned to six different sequence groups (SGs) 1-6 corresponding to the international clonal
lineages identified by other methods [62, 75].
MLST is the gold standard method to investigate the population structure and global epidemiology of bacteria. A
systematic sequence based approach, multilocus sequence typing (MLST), characterizes isolates of bacterial species
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using fragmens of sequences of seven house-keeping genes. For each house-keeping gene, the different sequences
within a bacterial species are assigned as distinct alleles and, for each isolate, the alleles at each of seven loci make up
its allelic profile or sequence type (ST). Two MLST schemes exist for Acinetobacter that able to type both A.
baumannii and non-baumannii Acinetobacter, namely PubMLST and the Pasteur’s MLST database [69-71], with only
three loci in common. The Pasteur’s MLST scheme [71] although more recently described, already includes 587
Acinetobacter isolates.
Current typing technologies have been useful in revealing relationships between isolates of A. baumannii but they are
unable to resolve differences between closely related isolates from smallscale outbreaks, where chains of transmission
are often unclear [19]. The recent availability of whole-genome sequencing (WGS) permits detailed investigation of
genetic differences between bacterial isolates belonging to a single species and gave insight into the nature of genetic
changes between isolates under antibiotic selection pressure [19]. These studies aimed to elucidate the role of mobile
genetic elements in the transfer of antibiotic resistance genes and substantiate the rate of genetic alterations associated
with resistance acquisition. The currently available results point to a high degree of genome plasticity, rapid emergence
of antibiotic resistance, and significant genetic differences between closely related isolates [19].
Comparative genomic analysis of whole-genome sequences of A baumannii strains highlighted differences in
genome organisation of A. baumannii epidemic clones assigned to differente PFGE genotypes or sequence types (STs)
and defined the pools of genes assigned to the core and accessory genome in A. baumannii [88, 89].
The recent decades have faced the validation and application of a wide array of methods for typing acinetobacters.
Most studies combined several methods to identify strains, which is a recommended strategy since the outcome of a
single method may not allow for unambiguous strain identification. Phenotypic methods are no longer widely used,
although in clinical practice epidemic strains will be initially identified on the basis of their antibiogram profile and
biochemical profile. For unambiguous typing, genotypic methods are indispensible.
For evaluation the global epidemiology of A. baumannii it is important to determine the dynamics of disease
transmission at local/hospital or country/national level using several typing methods. All these studies reinforce the
need to monitor the epidemiology and its associated antimicrobial resistances. A network of reference laboratories in
different regions could be established for harmonise the protocols using panel of reference strains, that would generate
an understanding of the importance of high-risk clones in the international dissemination.
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