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Abstract

Organisms belonging to Acinetobacter genus constitute a remarkable example of
bacterial evolution, evolving from traditionally harmless organisms towards to important
nosocomial pathogens, probably in consequence of the introduction of new powerful
antibiotics. In the last decades we have assisted to increasing reports of drug-resistant
hospital related, and more recently, community acquired infections, with Acinetobacter
baumannii being the most prevalent species of this genus in the hospital setting. In
addition, the prevalence of non-baumannii Acinetobacter species involved in
nosocomial infections has increased in the last years, probably due to the exchange of
resistance determinants among Acinetobacter species. Carbapenem resistance is of
particular concern, since this class of antibiotics constitutes the first line therapy for
Acinetobacter infections; however, its use has become limited by the increasing
prevalence of resistant strains. The recognition of the main carbapenem-resistant A.
baumannii lineages responsible for nosocomial infections as well as the complete
understanding of the factors that are driving their dissemination and persistence is
essential to create strategies to control these organisms.

This study focused on the characterization of the population structure of carbapenem-
resistant A. baumannii (CRAB) clinical isolates from Portugal, Brazil and Czech
Republic. The mechanisms underlying carbapenem resistance, not only in A.
baumannii but also in other Acinetobacter species (A. haemolyticus and A. lwoffii), the
role of mobile genetic elements in the inter- and intra-species dissemination of
carbapenem resistance, and the comparison of adhesion and biofilm abilities among
the main Portuguese CRAB lineages were explored.

All the typing methods used to characterize A. baumannii clinical isolates revealed that
very few lineages are associated with carbapenem-resistance, belonging most of them
to European clone Il. Using Bartual MLST scheme, which provided a higher
discrimination, was possible to identify three main lineages in Portugal: ST92 carrying
blaoxa-23, ST98 carrying blaoxa 2440, bOth belonging to the same clonal complex (CC) 92,
and ST103 carrying blapxass, @ lineage with no apparent relationship with CC92. The
use of this MLST scheme also allowed the detection of a progressive switching, with
ST98 carrying blaoxa-24140 being gradually replaced by ST92 carrying blaoxa2s, a lineage
that also included a pandrug resistant isolate. Carbapenem resistance in Czech
Republic’s isolates seems to be associated with impaired CarO porin expression, but
they also belonged to ST92, confirming the worldwide dissemination of this lineage. On
the other hand, Brazilian blapgxa2s-Carrying A. baumannii clinical isolates were
distributed among four new STs: ST131, ST132, ST133 and ST134, suggesting a local



diversity hotspot. This finding, together with the chromosomal location of blagxa.2s
embedded in Tn2006 observed in all blapxa-23-carrying isolates, both from Portugal and
Brazil, raises the question about when or where the diversification from a common
ancestral and blapxa-2s acquisition might have occurred. The CHDL genes blaoxa-24/40
and blagxa.sg were found both in the chromosome and plasmids. The blagxa.sg gene was
flanked by ISAba3-like and ISAba3 elements upstream and downstream, respectively.
Plasmidic blapxa-24140 gene was found to be flanked by XerC/XerD-like binding sites
which might be responsible for their mobilization by a mechanism of recombination.
Only two types of blaoxa2440 Carrying plasmids were detected: 30-kb repA_AB
(belonging to homology group GR12) identified both in A. baumannii and A.
haemolyticus, and 10-kb repAci2 (belonging to homology group GR2) identified only in
A. baumannii. These findings are in accordance to what was observed in other
countries, although associated with isolates belonging to different STs, stressing the
plasmid contribution in the dissemination of carbapenem resistance and highlight
interspecies plasmid transfer. Moreover, analysis of different plasmid scaffolds
suggests frequent recombinatorial events on these plasmids.

The detection of an environmental A. Iwoffii isolate harboring the metallo-3-lactamase
IMP-5 raises concerns about the potential of environmental non-baumannii
Acinetobacter species to acquire resistance determinants and/or act as reservoirs of
resistance genes, particularly because blayps was embedded in a Tn402-like
transposon, a structure previously identified in A. baumannii.

Strong adherence properties and ability to form biofilms in abiotic surfaces were
observed in most isolates from the different lineages recovered in Portuguese
hospitals, a trait that together with antibiotic resistance might explain their persistence.
In summary, this work illustrates the dynamics of epidemic clones and the role of
carbapenem resistance determinants in the current dominance of particular A.
baumannii lineages, both in Portugal and at a global level. It is of note the stability of
specific acquired CHDL within each lineage, although the plasmid contribution on the
dissemination of blagxas440 Was also demonstrated. The occurrence of an
environmental blayps.carrying A. Ilwoffii and blaoxaosso.carrying A. haemolyticus
stresses the possible contribution of non-baumannii Acinetobacter species in the
dissemination of resistance genes. This study highlights the importance of monitoring
the national and international spread of epidemic, multidrug-resistant, and virulent
clones, aiming the development of more effective guidelines in the treatment and
infection control procedures.

Keywords: Acinetobacter, carbapenem, resistance, MLST, plasmid.



Resumo

Os microrganismos pertencentes ao género Acinetobacter constituem um exemplo
notavel de evolucdo bacteriana, tendo passado de tradicionalmente inofensivos para
importantes patogénicos nosocomiais, provavelmente em consequéncia da introducao
de novos antibidticos. Nas Ultimas décadas assistiu-se a crescentes relatos de estirpes
hospitalares multi-resistentes e, mais recentemente, de infe¢cdes adquiridas na
comunidade, sendo a espécie Acinetobacter baumannii a mais frequente em ambiente
hospitalar. Além disso, a prevaléncia de espécies de Acinetobacter n&o-baumannii
envolvidas em infe¢des nosocomiais tem aumentado nos ultimos anos, provavelmente
devido a transferéncia inter-espécies de determinantes de resisténcia. A resisténcia
aos carbapenemos € particularmente preocupante, uma vez que esta classe de
antibioticos constitui a primeira linha terapéutica para infecdes por Acinetobacter,
estando o seu uso limitado pela crescente prevaléncia de estirpes resistentes. O
reconhecimento das principais linhagens de A. baumannii resistentes aos
carbapenemos e responsaveis por infecbes hospitalares, bem como a compreensao
dos fatores que influenciam a sua difusdo e persisténcia, sdo essenciais para o
desenvolvimento de estratégias para o controlo destes microrganismos.

Este estudo incidiu sobre a caracterizagcdo da estrutura populacional de isolados
clinicos de A. baumannii resistentes aos carbapenemos (CRAB) de Portugal, Brasil e
Republica Checa. Foram estudados os mecanismos subjacentes a resisténcia aos
carbapenemos, ndo s6 em A. baumannii, mas também noutras espécies de
Acinetobacter (A. haemolyticus e A. Iwoffii), o papel de elementos genéticos moveis na
disseminacao inter e intra-espécies de resisténcia aos carbapenemos, e a comparacao
das capacidades de adesdo e formacdo de biofilme entre as principais linhagens
CRAB portuguesas. Todos os métodos de tipagem utilizados para caracterizar os
isolados clinicos de A. baumannii revelaram que muito poucas linhagens estdo
associadas a resisténcia aos carbapenemos, sendo a maioria pertencente ao Clone
Europeu Il. Usando o esquema de MLST desenvolvido por Bartual, o que proporcionou
uma maior discriminacao, foi possivel identificar trés linhagens principais em Portugal:
ST92 produtora de OXA-23, ST98 produtora de OXA-24/40, ambas pertencentes ao
mesmo complexo clonal (CC)92, e ST103 produtora de OXA-58, uma linhagem sem
relagdo aparente com CC92. A utilizacao deste esquema de MLST também permitiu a
detecdo de uma substituicdo progressiva da ST98 pela ST92, uma linhagem que
também inclui um isolado resistente a todos os antibiéticos correntemente disponiveis.
Embora a linhagem ST92 se encontre também disseminada na Republica Checa,
confirmando a disseminacdo mundial desta linhagem, a resisténcia aos carbapenemos
parece estar associada a alteragfes na expressao da porina CarO. Por outro lado, os
isolados clinicos brasileiros de A. baumannii e produtores de OXA-23 distribuiram-se
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por quatro novos STs (ST131, ST132, ST133 e ST134), sugerindo diversidade local.
Esta constatacdo, juntamente com a localizagdo cromossémica do gene blaoxa2s
incorporado no Tn2006 em todos os isolados portadores de blapxa2s (Portugal e
Brasil), levanta a questdo sobre quando e onde a diversificacdo a partir de um
ancestral comum e a aquisicdo de blapxaos terdo ocorrido. Os genes blapgxa.2440 €
blapxass foram encontrados tanto no cromossoma como em plasmideos. O gene
blapxass €ncontrava-se flanqueado por elementos ISAba3-like e ISAba3 a montante e
a jusante, respetivamente. O gene plasmidico blaoxa 2440 fOi encontrado flanqueado por
sitios de ligagdo XerC/XerD que poderdo ser responsaveis pela sua mobilizagdo por
um mecanismo de recombinacdo. Foram apenas detetados dois tipos de plasmideos a
codificar a OXA-24/40: repA_AB com 30-kb (pertencente ao grupo de homologia
GR12) identificado em A. baumannii e A. haemolyticus e repAci2 com 10-kb
(pertencente ao grupo de homologia GR2) identificado apenas em A. baumannii. Estes
resultados estdo de acordo com o que foi observado noutros paises, embora
associados a isolados pertencentes a diferentes STs, salientando o contributo de
determinados plasmideos na disseminacdo da resisténcia aos carbapenemos, e
envolvendo diferentes espécies. Além disso, a andlise de diferentes estruturas
plasmidicas sugere frequentes eventos de recombinacdo. A detec¢do de um isolado
de A. Iwoffii ambiental produtor de IMP-5 levanta preocupacfes sobre o potencial de
espécies de Acinetobacter ndo-baumannii ambientais em adquirir resisténcia e/ou
atuar como reservatérios de genes de resisténcia, principalmente porque blayps
encontra-se num transposdo Tn402-like, previamente identificado em A. baumannii.
Salienta-se ainda que a maioria dos isolados portugueses apresentou forte aderéncia
e capacidade de formar biofilmes em superficies abibticas, caracteristicas que,
juntamente com a resisténcia aos antibiéticos podem explicar a sua persisténcia.

Em resumo, este trabalho ilustra a dindmica de clones epidémicos e o papel dos
determinantes resisténcia aos carbapenemos na prevaléncia de determinadas
linhagens de A. baumannii, tanto em Portugal como a nivel global. E digno de nota a
estabilidade de determinadas carbapenemases em linhagens especificas, apesar da
capacidade de disseminacdo de blaoxa2440 ter sido também demonstrada. A
ocorréncia de um A. Iwoffii ambiental e produtor de IMP-5 e de A. haemolyticus
produtores de OXA-24/40 salienta a possivel contribuicdo de espécies Acinetobacter
ndo-baumannii na disseminacdo de genes de resisténcia. Este estudo ilustra a
importancia de estudar a diferentes niveis os fatores intervenientes na emergéncia da
resisténcia, essencial para monitorizar a disseminagdo nacional e internacional de
clones/plasmideos epidémicos e de relevancia para o desenvolvimento de orientacdes
mais eficazes para o tratamento e o controlo de infeg&o.

Palavras-chave: Acinetobacter, carbapenem, resisténcia, MLST, plasmideo.
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Chapter 1 INTRODUCTION

“Read not to contradict and confute; nor to believe and take for granted;
nor to find talk and discourse; but to weigh and consider.”

Sir Francis Bacon
(1561-1626)






Chapter 1 - Introduction

CHAPTER 1 — INTRODUCTION

1.1 The genus Acinetobacter
1.1.1 Taxonomy and Historical Perspective

The first description of an organism belonging to the genus Acinetobacter occurred in
1911 when the Dutch microbiologist and botanist Martinus Beijerinck isolated Micrococcus
calcoaceticus from the soil using a calcium acetate-containing minimal medium (13).
Several taxonomic modifications occurred since then. In 1954 Brisou and Prévot proposed
the current genus designation, Acinetobacter (from the Greek akiveto [akinetos], which
means nonmotile) (27), and in 1971 the Subcommittee on the Taxonomy of Moraxella and
Allied Bacteria recommended that the genus Acinetobacter should include only oxidase-
negative strains based on several studies of Paul Baumann (11, 12). The genus
Acinetobacter is now included in the family Moraxellaceae; Order Pseudomonadales;
Class Gammaproteobacteria; and Phylum Proteobacteria; comprising gram negative rods,
with a DNA G/C content of 39 to 47 mol%, that are strictly aerobic, nonmotile,

nonfastidious, nonfermentative, catalase positive, and oxidase negative (204).

During the 1970’s Acinetobacter genus identification was established with the
transformation assay of Juni (125), a method based on the property of the mutant
Acinetobacter strain BD413 trpE27, recently identified as A. baylyi (34), to be competent
for genetic transformation. A species was identified as belonging to the genus
Acinetobacter when its crude DNA was able to transform the mutant strain to the wild-type
phenotype. A decade after, the division of Acinetobacter isolates into genomic species
become based on DNA-DNA reassociation studies and comprehensive phenotypic
analysis, allowing the description of few DNA (hybridization) groups or genomospecies
(25) (26, 194, 245). Currently the genus comprises 42 genomospecies, 33 with formal
names (Table 1) and taxonomic characterizations are performed using several molecular
methods, namely, amplified fragment length polymorphism (AFLP) (67), amplified rDNA
restriction analysis (ARDRA) (259) or tDNA intergenic length polymorphism analysis (75).

However, some of them are only available in reference laboratories.

The nucleotide sequence analysis of 16S rRNA and rpoB (RNA polymerase B-subunit)
genes may be used as simple and accurate methods for Acinetobacter species
identification, particularly the rpoB that exists in only one copy per cell, presents a high
intraspecies similarity, and a small intragenic fragment of this gene (ca. 350 bp) displays a

discriminatory power comparable to the one obtained with the complete 16S rRNA gene

3



Chapter 1 - Introducéo

sequence (136). In what concerns the most clinically relevant species belonging to
Acinetobacter genus, Acinetobacter baumannii, identification has also been performed by
the detection of the blaoxasiike gene which encodes for a species-specific
carbapenemase. (29, 85, 86). However, the detection of non-baumannii Acinetobacter
species harbouring blaoxasi-ike-Carrying plasmids revealed a possible drawback when
identification is accomplished exclusively by this method (142). The increasing use of
matrix-assisted laser desorption/ionization time-of-flight (MALDI-TOF) MS as a method for
Acinetobacter spp. identification is now revealing promising results, including the
discrimination among the species belonging to the so called Acinetobacter calcoaceticus-
Acinetobacter baumannii complex: A. baumannii, Acinetobacter pittii (formerly
Acinetobacter genomic species 3), Acinetobacter nosocomialis (formerly Acinetobacter
genomic species 13TU) and Acinetobacter calcoaceticus (189). They are closely related
and difficult to distinguish from each other by phenotypic properties, making unsuitable
many manual and semi-automated systems currently used for identification in routine
clinical laboratories. However, since these species display different characteristics
regarding colonization of human skin, antimicrobial susceptibility and mortality rates, a

precise identification will orientate the therapeutic and improve the clinical outcome (84).



Table 1. Delineation of Acinetobacter genomic species [adapted from Peleg et al, 2008
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(204)].
Species Genomic species *  Type Strain References
A. antiviralis KNF2022T; KCTC0699BPT (139)
A. baumannii 2 CIP 70.34; ATCC 19606T; DSM 30007 (25, 245)
A. baylyi B2; CIP 107474; DSM 14961T (34)
A. beijerinckii NIPH 838T; LUH 4759T; CCUG 51249T; CCM 7266T; 58aT (190)
A. bereziniae 10 LMG 1003T; CIP 70.12T; ATCC 17924T (191)
A. bouvetii DSM 14964T (34)
A. brisouii 5YN5-8T; KACC 11602T; DSM 18516T (5)
A. calcoaceticus 1 ATCC 23055T (245)
A. gerneri DSM 14968T (34)
A. grimontii® A. junii 5 DSM 14967T; ATCC 17908T (245)
A. guillouiae 11 LMG 988T; CIP 63.46T; ATCC 11171T; CCUG 2491T (191)
A. gyllenbergii NIPH 2150T; RUH 422T; CCUG 51248T; CCM 7267T,; 1271T (190)
A. haemolyticus 4 ATCC 17906T (245)
A. indicus DSM 25388T; CCM 7832T (162)
A. johnsonii 7 ATCC 17909T (245)
A. kyonggiensis KSL5401-037T; JCM 17071T; KEMC 5401-037T (138)
A. Iwoffii 8/9 ATCC 15309T; ATCC 9957 (245)
A. marinus SW-3T; KCTC 12259T; DSM 16312T 277)
A. nosocomialis 13TU LMG 10619T; CCM 7791T (189)
A. oleivorans DR1T; KCTC 23045T; JCM 16667T (127)
A. parvus NIPH384T (186)
A. pittii 3 LMG 1035T; CIP 70.29T (189)
A. radioresistens 12 IAM 13186T (195)
A. rhizosphaerae BIHB723 (105)
A. rudis G30T; LMG 26107T; CCUG 57889T; DSM 24031T; CECT (262)
7818T
A. schindleri NIPH1034T (185)
A. seohaensis SW 100T; KCTC 12260T; DSM 16313T 277)
A. soli B1T; KCTC 22184T; JCM 15062T (132, 205)
A. tandoii DSM 14970T (34)
A. tiernbergiae DSM 14971T (34)
A. towneri DSM 14962T (34)
A. ursingii, A. septicus® NIPH137T; CCUG 56015 (185)
A. venetianus® ATCC 31012 (260)
6 ATCC 17979 (245)
13BJ, 14TU ATCC 17905 (25)
14BJ CCUG 14816 (26)
15BJ SEIP23.78 (26)
15TU M151a (25)
16 ATCC 17988 (26)
17 SEIP Ac87.314 (26)
Between 1 and 3 10095 (99)
Close to 13TU 10090 (99)

#The genomic species according to Bouvet and Grimont classification (25). BJ refers to species delineation of
Bouvet and Jeanjean (26) and TU refers to Tjernberg and Ursing (245); ® Acinetobacter grimontii was recently
reclassified as a later synonym of Acinetobacter junii (258); © There is a lack of evidence that “Acinetobacter
septicus” is a different species from Acinetobacter ursingii (192); 4 The name “Acinetobacter venetianus” has
been previously used to designate three marine hydrocarbon-degrading Acinetobacter strains, of which strain
RAG-1 (ATCC 31012) has industrial applications for the production of the bioemulsifier emulsan. However, A.
venetianus remains as a provisional designation awaiting further investigation (260).
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1.1.2 Clinical relevance of Acinetobacter spp.

During many years, organisms belonging to the genus Acinetobacter were considered
saprophytes of little clinical significance (77). This pattern started to change in the early
1970s with the recognition of the genus Acinetobacter as a significant nosocomial
pathogen and more recently with the increasing frequency of drug-resistant related
community and hospital acquired infections. This was probably a consequence of the
introduction of powerful new antibiotics and the use of invasive diagnostic and therapeutic
procedures in the clinical practice. (77, 249) In 2007, in one day survey along 75 countries
aiming to provide information regarding the extent and patterns of infection in intensive
care units (ICUs) Acinetobacter species were involved in 9% of all infections, highlighting

the challenge that these pathogens present today (266).

In addition, community-acquired infection and infections acquired following war or natural
disasters (e.g., earthquakes and tsunamis) have also been described. (64, 156, 197, 271)
Nowadays we still have a debate regarding the clinical impact and mortality attributable to
Acinetobacter spp.. The reasons for that discussion include the difficulty in distinguish
between colonization and infection and in some studies the methods used for species

identification were not appropriate according to current standards. (101, 204)

A. baumannii is the main genomic species associated with outbreaks of nosocomial
infection. However it is of note the fact that in recent years we have assisted to increasing
reports of non-baumannii Acinetobacter species associated with colonization and infection
(14), namely A. npittii, Acinetobacter Iwoffii, Acinetobacter ursingii, Acinetobacter
haemolyticus, A. calcoaceticus, A. nosocomialis, Acinetobacter johnsonnii and
Acinetobacter junii (47). Other studies refer the possibility that species like A. ursingii,
Acinetobacter schindleri or Acinetobacter bereziniae might be underestimated due to their
absence in the databases of all commercial biochemical kits (135). There are two reports
of Acinetobacter baylyi isolated from clinical samples, although only one refers the
species as the agent of infection (40). The detection of these species might be explained

by the use of more accurate methods to routinely perform species identification (256).

1.1.2.1 Infections caused by A. baumannii

Hospital acquired A. baumannii infections include ventilator-associated pneumonia (VAP),
skin and soft tissue infections, wound infections, urinary tract infections, secondary
meningitis, and bloodstream infections (68). In a 2006-2007 antimicrobial-resistant
pathogens associated with healthcare-associated infections survey (United States of

America-USA), A. baumannii was the third more frequent species associated with VAP,
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and the ninth most frequent species implicated in central line-associated bloodstream
infections, catheter-associated urinary tract infections and surgical site infection (113).
The species’ ability to acquire antimicrobial resistance determinants and the capacity to
survive for long periods on dry surfaces (267, 268) contribute for a long persistence in the
hospital setting. A. baumannii infections concern particularly ill patients in ICUs, mainly
those requiring mechanical ventilation, and patients with wound or burn injuries (249). The
factors facilitating colonization or infections include increased length of hospital stay
(although in outbreak situations may occur an earlier acquisition of infection), previous
antibiotic therapy, mechanical ventilation, use of catheters, sutures, dialysis, exposure to
patients colonized or infected with A. baumannii, environmental contamination,

understaffing and poor adherence of staff to hand hygiene (174, 249).

A. baumannii infections in the community setting have been mainly reported from
countries with tropical or subtropical climate, probably due to the preference of the genus
for moisture (6). These infections usually affect patients with some form of comorbidity like
chronic obstructive pulmonary disease, renal disease, and diabetes mellitus or associated
with heavy smoking and excess alcohol consumption, which may facilitate aspiration of
pharyngeal bacteria. The community-acquired infections might include pneumonia (in the
majority of cases), meningitis, soft-tissue infection, ocular infection, urinary tract infection,
and native valve endocarditis. (6, 87, 119, 238)

In recent years A. baumannii was increasingly isolated from wounds of combat casualties
from Iraqg and Afghanistan, has already occurred during the Vietham War, identified at that
time as Mimeae-Herellea-Bacterium-Alcaligenes) (36, 64, 248). Although was raised the
possibility that inoculation could occur at the time of injury, both from previously colonized
skin or contaminated soil, posterior studies concluded that A. baumannii acquisition

occurred at health care facilities (232).

Finally, the association of A. baumannii infection with natural disasters was evidenced in
Marmara earthquake, Turkey, 1999, where A. baumannii was the most frequently isolated
species among the trauma victims, especially from wound infections (197). After the
earthquake in Wenchuan, China in 2008 A. baumannii was also the most frequently found
in wound and sputum, and the third pathogen recovered from blood among the victims.
(271)

1.1.2.2 Infections caused by non- baumannii Acinetobacter species

While A. baumannii, frequently associated with outbreaks, A. pittii and A. nosocomialis are

the most common of the Acinetobacter species among clinical isolates, A. johnsonii, A
7
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junii, A. lwoffii, Acinetobacter parvus, Acinetobacter radioresistens, A. schindleri and A.
ursingii became more frequently associated with infection, particularly, catheter-related
bloodstream infections (68, 253, 256). A. haemolyticus, rarely identified in clinical isolates,
although associated in our country with carbapenem resistance (215), has been
implicated in cerebrospinal meningitis (102) or prosthetic infective endocarditis (35). A.
Iwoffii, a human commensal frequently found colonizing the skin of healthy persons, has
been increasingly associated with nosocomial infections (68). Additionally, has been
linked to acute gastritis, very similar to the one caused by Helicobacter pylori (217) and to

pneumonia, including in the community setting (176).

1.1.3 Acinetobacter spp. ecology
1.1.3.1 Ecology of A. baumannii

Species belonging to Acinetobacter genus have been recovered from soil, water and
animals (68, 249). A. baumannii seems to be a rare colonizer of human skin in temperate
climates (234), although common in tropical environments (49). This species has been
identified in vegetables (16), with isolates presenting high rates of resistance to
ciprofloxacin and gentamicin, findings that raised the question of being the food one of this
species sources in the hospital setting. A. baumannii was also identified in aquacultures of
fish and shrimp farms although was not determined if it constituted an environmental
niche or was due to human contact (121). A. baumannii detection in hospitalized dogs,
cats and horses raises concerns about the possibility of spread between humans and
animals (82, 94, 284). The presence of this species in 22% sampled body lice of
homeless persons raises the possibility that louse might constitute an A. baumannii
reservoir and vector of transmission, although was speculated that this detection could
also be due to undiagnosed transient A. baumannii bacteremia or even contamination
(137).

With the increasing reports of A. baumannii outside the hospital setting the discussion
concerning the origin of the organism revived. However, the existing data is not sufficient
to accurately define A. baumannii natural habitat, but it appears to be neither commensal

nor a typical environmental organism (204).

1.1.3.2 Ecology of non- baumannii Acinetobacter species

Several Acinetobacter species are normal colonizers of human skin, particularly A. lwoffii,
A. johnsonii, A. junii, A. pitti, A. radioresistens, and A. haemolyticus, although their
frequency may vary according to the season, region, and may increase in hospitalized

patients (15, 202, 234). A. calcoaceticus, A. pittii, A. johnsonii, A. lwoffii and Acinetobacter
8
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genomic species 11 have also been found in water, soil and vegetables (119), and A.
johnsonii was also associated with the human and fish intestinal tract (69, 104). In
addition, A. haemolyticus and A. lwoffii have been detected in aguacultures environment
and associated with fish intestinal content (104). Besides these species, which may be
considered as opportunistic pathogens, other species have utility for biotechnology

applications (242).
1.1.4 Treatment

Until 1970s, treatment of Acinetobacter infections included several therapeutic options,
such as aminoglycosides, B-lactams and tetracyclines (14). Since then, Acinetobacter,
and in particular, A. baumannii’s remarkable ability to accumulate a myriad of resistance

mechanisms has limited the therapeutic options (201).

Carbapenems are B-lactam antimicrobial agents introduced in therapeutics in 1985 and
presenting an exceptionally broad spectrum of activity. Carbapenems are stable to most
B-lactamases including AmpC B-lactamases and extended-spectrum [(-lactamases
(ESBLs) and have long been regarded as the agents of choice for the treatment of
infections caused by Acinetobacter spp., but resistance rates have risen substantially in
some areas, with susceptibility to the carbapenems ranging from 90% to as low as 32%,

depending on the geographic region and the carbapenem tested (91, 281).

B-Lactamase inhibitors, particularly sulbactam, revealed intrinsic activity against many
Acinetobacter strains, with a bacteriostatic or bactericidal mechanism of activity,
depending on the strain examined, and mediated via penicillin binding proteins (PBPSs).
Sulbactam was used, particularly in combination with rifampin, colistin or fosfomycin,
during the last decade for the treatment of carbapenem-resistant Acinetobacter spp. (130,
163, 198). However, the high level of resistance occurring nowadays to sulbactam
hampers its use against MDR A. baumannii (223). Polymyxins are cationic polypeptides
discovered in 1947 from different species of Bacillus polymyxa (122). Their mode of
activity is the interaction with the lipopolysaccharide layer of Gram-negative bacteria. In
the early 1980s polymyxins were withdrawn from clinical use due to toxicity reports,
namely neurotoxicity and nefrotoxicity, being used only for the treatment of cystic fibrosis.
However, the emergence of Gram negative bacteria resistant to almost all classes of
available antibiotics except polymyxins contributed for their revival. This class of
antibiotics consists of five chemically different compounds, polymyxin A, B, C, D, and E
(colistin) but only two are currently available for clinical use - namely, polymyxin B and

colistin (polymyxin E). Polymyxins show bactericidal activity against A. baumannii, and

9
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resistance rates against these agents have remained low, even in multidrug-resistant and
carbapenem-resistant isolates(223). However, there are recent reports of heteroresistance
among A. baumannii isolates, resulting from the existence of subpopulations of resistant
A. baumannii within colistin-susceptible clinical isolates, particularly in patients with prior
colistin therapy (110). These findings raise the concern about the use of colistin,

especially in monotherapy, as a therapeutic option in the treatment of MDR A. baumannii.

Aminoglycosides constitute one of the oldest classes of antimicrobials, presenting activity
by binding to 16S rRNA in the 30S ribosomal subunits and inhibiting protein synthesis
(Magnet and Blanchard, 2005). Regardless the nephro- and ototoxicity, aminoglycosides,
in particular amikacin and tobramycin, retain good activity against MDR Acinetobacter
spp. (199). However, resistance to these agents is also increasing, being recommended
their use in combination with other antimicrobials. Inhaled tobramycin has shown good
activity in association with an intravenous B-lactam in the treatment of VAP (107) and
intrathecal amikacin in combination with colistin has been effective in the treatment of

meningitis (96).

Fluoroquinolones are broad-spectrum bactericidal agents used to treat diverse bacterial
infections and levofloxacin, moxifloxacin and ciprofloxacin previously presented good
activity against Acinetobacter spp. (111, 153). New derivatives are now under pre-clinical
studies, in order to overcome the increasing resistance observed among this genus, and

in particular A. baumannii (153).

Glycylcyclines are a novel class of antimicrobial agents related to the tetracyclines
presenting a similar mechanism of action. They are represented by tigecycline, a
semisynthetic derivative of minocycline, which was licensed for the treatment of
complicated skin and soft tissue infections (261), and intra-abdominal infections (196) and
has shown a good in vitro activity against A. baumannii. However, several studies indicate
that tigecycline may not be consistently active against the multidrug-resistant isolates
(184, 200) and the reports of resistance development in the course of the treatment (118)
suggest that should only be used in combined regimens with other antimicrobials, such as

levofloxacin, amikacin, imipenem, and colistin (213).

Rifampicin has demonstrated in vitro and in vivo bactericidal activities against multi-drug
resistant (MDR) A. baumannii, including severe infections caused by imipenem-resistant
strains (143). However, the easily development of resistance, due to RNA polymerase
mutations, emphasizes the