
Drugs 2008; 68 (2): 165-189THERAPY IN PRACTICE 0012-6667/08/0002-0165/$53.45/0

© 2008 Adis Data Information BV. All rights reserved.

Treatment Options for Multidrug-
Resistant Acinetobacter Species
Jacob Gilad1  and Yehuda Carmeli2

1 Clinical Microbiology Laboratory, Tel-Aviv Sourasky Medical Center, Sackler Faculty of
Medicine, Tel-Aviv University, Tel-Aviv, Israel

2 Division of Epidemiology, Tel-Aviv Sourasky Medical Center, Sackler Faculty of Medicine,
Tel-Aviv University, Tel-Aviv, Israel

Contents
Abstract . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 165
1. Scope of the Problem . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 166

1.1 Epidemiology and Clinical Features . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 166
1.2 Impact on Patient Outcome . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 167

2. Definitions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 168
3. Antimicrobial Resistance . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 168

3.1 Antimicrobial Resistance Mechanisms . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 169
3.2 Antimicrobial Susceptibility Testing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 170

4. Specific Antimicrobial Agents . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 171
4.1 β-Lactamase Inhibitors . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 171
4.2 Polymyxins . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 172
4.3 Tetracyclines and Glycylcyclines . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 173
4.4 Fluoroquinolones . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 174

5. Antimicrobial Combination Therapy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 174
6. Adjunctive Measures . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 175

6.1 Surgery . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 175
6.2 Novel Anti-Infective Agents . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 178
6.3 Prevention . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 178

7. Management of Specific Syndromes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 180
7.1 Nosocomial Meningitis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 180
7.2 Hospital-Acquired/Ventilator-Associated Pneumonia . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 182

8. Future Prospects . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 183

Multidrug-resistant Acinetobacter spp. are emerging nosocomial pathogensAbstract
and have become a leading cause of Gram-negative infections in many parts of the
world. Acinetobacter spp. are commonly implicated in bloodstream infection,
hospital-acquired pneumonia, and wound and other surgical-site infections. They
are difficult to treat, thus often leading to adverse patient outcome. Group II
carbapenems (imipenem/cilastatin and meropenem) are the agents of choice for
the treatment of severe infections caused by Acinetobacter spp. isolates suscepti-
ble to this antimicrobial group, but infection with carbapenem-resistant strains is
increasingly encountered. Therapy of such infections necessitates the use of old
drugs (e.g. colistin), unusual drugs (e.g. sulbactam) or drugs with which there is
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presently little clinical experience (e.g. tigecycline). Case reports, case series and
small comparative observational studies suggest that these regimens are effica-
cious and demonstrate lower-than-expected toxicity, but there is substantial
variation between these reports. Combination antimicrobial therapy is often used
to treat infections caused by such multidrug-resistant strains. This article summa-
rizes the cumulative experience with and the evidence for treating infections
caused by multidrug-resistant Acinetobacter spp. infections. Special emphasis is
placed on the use of ‘non-traditional’ antimicrobial agents, various aspects of
combination therapy, alternative routes of drug administration, and discrete
entities such as ventilator-associated pneumonia and postsurgical meningitis.

Acinetobacter species are among the most chal- therefore each of these components merits consider-
lenging bacterial pathogens that clinicians are cur- ation in an effort to prevent nosocomial morbidity
rently facing. These non-fermentative Gram-nega- and mortality.
tive bacilli are increasingly implicated in nosocomi- While most Acinetobacter spp. rarely cause in-
al infections worldwide. Acinetobacter spp. fection, A. baumannii is most frequently implicated
demonstrate high rates of resistance to multiple anti- in nosocomial infections. It may be difficult to inter-
microbial agents and strains resistant to most, if not pret the literature on Acinetobacter infections since
all, commercially available agents are increasingly speciation using credible methods was not per-
being documented. The aim of this article is to formed in most studies. Moreover, even strains of
review current evidence on treatment options of A. baumannii differ substantially from each other.
nosocomial Acinetobacter infection caused by mul- Substantial genomic differences were recently ob-
tidrug-resistant (MDR) strains. The medical litera- served between MDR A. baumannii and a reference
ture was searched using PubMed with the following A. baumannii strain associated with human body
keywords: acinetobacter, baumannii, calcoaceticus, lice.[3] Thus, conflicting results from various studies
nosocomial, bloodstream infection, colistin, tige- may actually represent the study of different species
cycline, carbapenem, resistance, sulbactam, menin- or, alternatively, differences between A. baumannii
gitis, ventilator, contamination, colonization. strains. It is of great importance that future studies

enhance the definitions and characterisation of the
1. Scope of the Problem studied isolates.

Acinetobacter spp. can survive for long periods
in the hospital environment, in both moist or dry1.1 Epidemiology and Clinical Features
conditions,[4] and thus fomites are frequently in-

Acinetobacter spp. are low-virulence organisms volved in the chain of nosocomial transmission be-
that opportunistically cause infection in susceptible yond the inherent role of contaminated hands of
patient populations, mostly critically ill or immu- healthcare workers. Indeed, contaminated fomites,
nocompromized individuals. Acquisition of Acine- such as medical equipment, have been implicated in
tobacter spp. commonly occurs after 2–3 weeks of nosocomial outbreaks of Acinetobacter infection;
hospital stay.[1] A variable portion of acquisition even personal staff equipment (e.g. cell phones)
represents colonization rather than infection, but could be the culprit.[5] The reported success of infec-
differentiation between these conditions is frequent- tion control measures involving environmental de-
ly difficult since many of the affected patients are contamination in preventing transmission or halting
debilitated and severely ill.[2] Nonetheless, environ- Acinetobacter spp. outbreaks emphasizes the impor-
mental contamination, patient colonization and clin- tance of the environmental persistence of the
ical infection commonly represent a continuum, and organism.[6] Patients themselves also serve as a res-
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ervoir,[7,8] and this should be accounted for when intercontinental spread of resistant strains are also
evident from the ongoing investigation in the USdesigning an infection-control intervention.
and UK of Acinetobacter infection among repatri-The most common types of infections involving
ated casualties from the military conflict in Iraq. InAcinetobacter spp. are pneumonia (especially venti-
all, >100 nosocomial outbreaks with Acinetobacterlator-associated pneumonia [VAP]), urinary tract
spp. have been reported to date and they have beeninfection, surgical site infection including postsurgi-
extensively summarized elsewhere.[18,19]

cal meningitis (PSM), and catheter-related blood-
stream infection.[9] VAP, surgical site infection or

1.2 Impact on Patient Outcomecatheter-related bloodstream infection are reported
be the dominant types of infection in various set-

The outcome of patients with nosocomial Acine-tings.[2,6,10] The distribution of these distinct infec-
tobacter spp. infection, including measures of mor-tious foci varies greatly, most likely to be the result
bidity (e.g. the development of severe sepsis, septicof differences in the hospital environment, the case
shock or prolonged mechanical ventilation) andmix and the nature of the local epidemiology.
mortality, may be difficult to measure. While crude

Risk factors for Acinetobacter spp. infection (all-cause) inhospital mortality is easy to assess,
found in a number of studies include mechanical mortality attributed specifically to the infection is
ventilation, urinary instrumentation, major surgery much more difficult to appreciate, since patients at
(especially in the context of trauma or burns and risk for acquiring Acinetobacter spp. often have
neurosurgery) and indwelling vascular catheters. poor prognosis due to underlying conditions. More-
The presence of these risk factors, a high burden of over, severity of infection and resultant patient out-
Acinetobacter spp. in a given setting (referred to as come may be influenced not only by the patient’s
the ‘colonization pressure’), breaks in infection con- underlying condition, but also by differences be-
trol and selective antimicrobial pressure all favour tween infecting strains, the site of infection, and
Acinetobacter spp. infection. Among the various appropriateness of empiric and definitive ther-
antimicrobial agents that have been implicated in apy.[20,21] Specifically, inappropriate empirical ther-
selective pressure that promotes the emergence of apy has been shown to result in a 3-fold increase in
MDR strains are third-generation cephalosporins, therapeutic failures and a 2-fold increase in mor-
carbapenems and fluoroquinolones.[11-14] However, tality.[22]

establishing risk factors for the emergence of resis- The reported mortality of nosocomial Acineto-
tance requires appropriate methodology and, partic- bacter spp. infection is estimated at being 5–50%, a
ularly, using a control group that represents the range which reflects the heterogeneity of the studies.
population at risk;[15] many of the published studies In a national study conducted in Spain, patients with
from the literature search failed to meet these crite- Acinetobacter spp. infection had an odds ratio of 1.5
ria and therefore may have yielded biased results. for mortality compared with patients colonized with

The use of molecular tools has broadened our this organism.[2] Comparison of mortality attributa-
understanding of the epidemiology of Acinetobacter ble to infection has been shown to be higher for
spp. In hospitals where Acinetobacter spp. are en- Acinetobacter infection than for other nosocomial
demic, they may originate from a single clone or, pathogens, such as Klebsiella pneumoniae.[23]

more commonly, from several clones that circulate Nevertheless, debate on the importance of Acineto-
in hospitals, of which one or more may dominate. bacter infections in leading to excess mortality con-
Within this complex epidemiology, the source of tinues, with several studies[24,25] not having found
emergence and dissemination is not always evi- increased mortality in these patients, and others
dent.[16] Occasionally, Acinetobacter spp. clones reporting increased mortality in the presence of
may be involved in inter-institution and even inter- MDR isolates, including Acinetobacter.[26] A recent
state outbreaks.[17] Such complex epidemiology and systematic review of the subject concluded that
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nosocomial acquisition of Acinetobacter (colonisa- individual drugs; however, other authors have used
tion or infection) did result in excess attributable MDR as a synonym for carbapenem-resistant (CR)
mortality,[27] supporting the hypothesis that many strains. Contrary to nosocomial pathogens, such as
patients ‘die with Acinetobacter’, although the pro- Pseudomonas aeruginosa, CR-Acinetobacter spp.
portion of those who ‘die due to Acinetobacter’ is are usually resistant to most other β-lactams, β-
difficult to estimate. Our own interpretation of the lactamase inhibitors, aminoglycosides and fluoro-
literature is that conflicting findings may reflect the quinolones.[30] Strains that are susceptible to at least
fact that various strains of Acinetobacter differ in one of these ‘traditional’ agents are believed to be
virulence, and thus patient outcomes may be related less of a challenge to treat (despite being ‘MDR’
to the virulence of the dominant infecting strain in a according to some definitions), but comparative data
given institution. We have no doubt that Acineto- are sparse. Treatment difficulties are even more
bacter infections lead to severe adverse outcomes in pronounced when co-resistance to all of these agents
our institution as well as in others.[28] is encountered because ‘non-traditional’ agents are

to be considered. Therefore, for the sake of conve-
nience, we refer to ‘MDR’ strains as those that are2. Definitions
co-resistant to all agents conventionally recommen-

There are >30 distinct genomo-species within the ded for the treatment of infections caused by Acine-
genus Acinetobacter. The vast majority of human tobacter spp. (‘traditional drugs’), and the term ‘PR’
infection cases are caused by antimicrobial-resistant to describe strains that are resistant to all commer-
species that belong to the calcoaceticus-baumannii cially available agents, including ‘non-traditional’
complex, including A. calcoaceticus, A. baumannii, ones. At the time of writing, the latter group of ‘non-
and genomo-species 3 and 13TU.[29] Other genomo- traditional’ antimicrobials mainly includes the
species have been implicated in human infection polymyxins, sulbactam, minocycline and tige-
less commonly but these are relatively susceptible to cycline.
various antimicrobials. Nonetheless, occasional strains that are suscepti-

Differentiation between members of the ble to at least one ‘traditional’ agent in vitro can be
calcoaceticus-baumannii complex is difficult with considered as being MDR from a practical point of
routine manual or automated microbiological meth- view according to the above definition in certain
ods. While most published papers to date simply clinical situations in which the use of that particular
refer to ‘A. baumannii’, molecular identification agent may prove problematic. Such situations may
was not sought in most of them, and so data on include drug hypersensitivity or intolerable adverse
specific members of this complex are scarce. Never- effects necessitating discontinuation, clinical treat-
theless, A. baumannii is by far the most common ment failure, development of non-susceptibility
species encountered in clinical practice. In this re- during therapy, temporary or permanent market un-
view, we use the term Acinetobacter spp. to denote availability of certain antimicrobials, or inappropri-
all species likely to express MDR (most of which are ateness for a given infectious focus or anatomical
truly A. baumannii). compartment (e.g. aminoglycosides as monotherapy

Various terms have been used (sometimes inter- for the treatment of VAP).
changeably) to denote antimicrobial-resistant phe-
notypes of Acinetobacter spp., the most common of 3. Antimicrobial Resistance
which are ‘MDR’, ‘pan-drug resistance’ (PR), and
less commonly ‘totally’, ‘highly’, ‘almost complete- Acinetobacter spp. have the propensity of rapidly
ly’ or ‘fully’ resistant strains. Since a standard defi- acquiring resistance genes due to selective anti-
nition is currently lacking, ‘MDR’ has been used to microbial pressure, thereby leading to MDR, in ad-
describe strains resistant to at least two or three dition to intrinsic resistance mechanisms that are
major antimicrobial classes or a varying number of typical to this genus. The frequency of resistance to
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major antimicrobial classes, as well as the preva- sively reviewed elsewhere[38]) and three groups of
lence of MDR or PR strains, varies greatly between this enzyme class have been found in Acinetobacter
geographical regions, institutions and even hospital spp., mainly the IMP-like MBL and, to a much
wards, and this is further complicated by the differ- lesser extent, the VIM-like MBL or SIM-1. IMP and
ences in methodology and definitions between pub- VIM confer high-level resistance to carbapenems
lished studies. Therefore, establishing and continu- and most other β-lactams with the exception of
ously monitoring local resistance rates is mandatory aztreonam. MBL are located in class-1 integrons,
in settings vulnerable to a high incidence of Acineto- and may be transferred and expressed along with
bacter spp. infection. resistance genes to other antimicrobials such as

aminoglycosides.
3.1 Antimicrobial Resistance Mechanisms The other group of enzymes (carbapenem-

hydrolysing oxacillinases [CHOs]) consists of ox-Central to the development of resistance is the
acillinases with intrinsic carbapenemase activityacquisition of resistance genes through plasmids,
that is 1/100th to 1/1000th that of MBL.[30] Suchintegrons or transposons, and most of Acinetobacter
enzymes in Acinetobacter spp. (in contrast to otherspp. may carry either. Integrons are of particular
bacteria) do not confer ESBL properties. Nearly teninterest among the mobile genetic elements. Of the
different CHOs have been described in Acinetobac-three known integron classes, class 1 is by far the
ter spp., with OXA-58 being especially common,[39]

most prevalent in Acinetobacter spp. Such integrons
but their mode of acquisition is less clear. Recentmay be transferred between unrelated strains and
retrospective analyses revealed that CHO have beeneven between species.[31,32]

around (and gone undetected) for at least one decadeResistance to β-lactams in Acinetobacter spp.
in diverse geographic locations.[40] OXA genes mayinvolves a myriad of genetic mechanisms that may
occur on plasmids, chromosomes or mobile geneticcoexist and/or be co-expressed. Most strains carry
elements, and complex genetics may be involved inintrinsic β-lactamase activity mediated through
their expression, i.e. in the form of mobile insertionchromosomally encoded genes, namely the Amp-C
sequences or genetic recombination. Phenotypical-type cephalosporinase and OXA-51/69-type oxacil-
ly, these enzymes may be associated with differ-linase.[33,34] Both are characterized by a basal ex-
ences in the minimal inhibitory concentration (MIC)pression level that may be altered by genetic events,
of imipenem and meropenem; however, the thera-such as the introduction of an upstream insertion
peutic implications of these differences have notsequence to the blaAmpC gene, resulting in an ex-
been studied.tended-spectrum β-lactamase (ESBL) phenotype.[35]

A third mechanism of carbapenem resistance in-Moreover, a variety of other β-lactamases have been
volves porins, which are outer-membrane proteinsdescribed in Acinetobacter spp., such as TEM-1,
that allow antimicrobials, such as β-lactams, to per-SHV, CTX-M and, more recently, the ESBL

enzyme VEB-1,[36] but their role is difficult to assess meate into the bacterial cell. Loss (i.e. reduced ex-
in the presence of β-lactamase hyper-production.[37] pression) or modification of porin proteins has been

shown to confer carbapenem resistance and, notCarbapenems are the preferred treatment for seri-
uncommonly, high-level resistance is observed inous Acinetobacter spp. infection, although car-
the presence of both loss of porin function andbapenem resistance has been increasingly reported
expression and production of carbapenemases (es-in recent years with varying frequency.[29]

pecially CHO).[41] Additional mechanisms that con-Carbapenem resistance is conferred by acquired β-
tribute to carbapenem resistance, especially in thelactamases, but not naturally occurring enzymes.
presence of carbapenemases, include the loss ofThese enzymes belong to either Ambler class B
certain penicillin-binding proteins (PBPs)[42] or(metallo-β-lactamases [MBL]) or class D (oxacil-

linases). MBL are efficient carbapenemases (exten- presence of nonspecific efflux protein pumps, such
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as the AdeABC.[43] There are additional putative for routine use. Results should be interpreted ac-
mechanisms that have not yet been elucidated.[44] cording to official breakpoints designated specifi-

cally for Acinetobacter spp., such as those issued byResistance to aminoglycosides is mainly con-
the Clinical and Laboratory Standards Instituteferred by aminoglycoside-modifying enzymes. A
(CLSI).[53]high diversity of aminoglycoside-modifying en-

zymes have been shown in Acinetobacter spp. and In general, essential and categorical agreement
these enzymes have been linked to class I integrons between these methods is more than acceptable, but
as well.[45] Moreover, identical aminoglycoside- there are several limitations that ought to be consid-
modifying enzymes have been found in different ered. Colistin susceptibility requires a MIC method
Acinetobacter clones, suggesting horizontal gene because of poor performance of disk diffusion.[54]

transmission. Inactivation by acetylases, adenylases Using the colistin E-test is a reasonable alternative
and phosphotransferases has been reported, notably to broth dilution, although agreement rate is subop-
AAA(3)-Ia, ANT(3′′)9 and APH(3′)VI, respective- timal in certain MIC values.[55] It should be taken
ly.[46,47] Other mechanisms may include target site into account that in vitro testing utilizes colistin
modification or efflux pumps.[48] Regardless of sulfate, while colistimethate sodium is the active
aminoglycoside resistance, it should be kept in mind drug usually administered systemically; therefore,
that these agents may not be effective in respiratory the correlation between AST and outcome is some-
infection (one of the most common sites of Acineto- what theoretical.
bacter infection) and are not reliable as single agents No breakpoints have yet been formulated by the
in most infections other than those of the urinary CLSI for tigecycline and therefore manufacturer’s
tract. recommendations or, alternatively, the recently pub-

Resistance to other drug classes includes: (i) mu- lished breakpoints of the European Committee
tations in the gyrA or parC genes, which lower the on AST may be followed.[56] Disk diffusion
affinity of fluoroquinolones to their respective tar- breakpoints for tigecycline have also been pro-
gets; (ii) DNA gyrase or topoisomerase IV,[49,50] posed.[57] Tetracycline is not a good surrogate mark-
which have been demonstrated in both A. baumannii er for its class[53] and, therefore, minocycline sus-
and genomo-species 3; (iii) synthesis of chloram- ceptibility should be tested specifically against Aci-
phenicol acetyltransferase I, which confers chloram- netobacter since tetracycline-resistant minocycline-
phenicol resistance;[29] and (iv) presence of TetA susceptible phenotypes are common.
and TetB (and rarely TetM), which confer resistance Occasional isolates may exhibit hetero-resistance
to tetracyclines.[51,52] All of these and other agents to carbapenems that may result in false susceptibil-
(e.g. trimethoprim) are also influenced by efflux ity when automated AST is performed. A clue for
pumps present in Acinetobacter spp. hetero-resistance in our experience is a relatively

high MIC within the susceptible range, in which
case performance of the Etest® may reveal resistant3.2 Antimicrobial Susceptibility Testing
subpopulations, similar to those previously de-
scribed.[58] Hetero-resistance has recently been de-Accurate susceptibility determination is crucial
scribed with colistin as well, but its impact on effi-for appropriate selection of antimicrobial therapy.
cacy has not yet been established.[59]Most clinical laboratories rely on one or more

standard antimicrobial susceptibility testing (AST) Automated AST methods also require ancillary
method, usually disk diffusion, MIC determination manual testing of Acinetobacter spp. For example,
by commercial automated systems or MIC by agar the VITEK®-2 system does not include colistin or
diffusion (e.g. Etest® 1, AB biodisk, Solna, Swe- minocycline in certain AST cards, so these agents
den), since broth microdilution is too cumbersome should be tested manually. Furthermore, results for

1 The use of trade names is for product identification purposes only and does not imply endorsement.
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specific antimicrobials require manual validation, ded, but there are insufficient data on the relative
such as imipenem non-susceptibility, due to high efficacy of dual and monotherapy.[66] Group II car-
rates of false resistance[60] or amikacin in the MIC bapenems (imipenem/cilastatin and meropenem) are
range of 16–32 µg/mL. These ancillary tests that the most widely used agents for treatment of Acine-
require both disk diffusion and the Etest® may be tobacter spp. infection, especially in areas where
combined in a single plate, a feature which may be carbapenem susceptibility rates are still high. Group
convenient for laboratories that process large num- I carbapenems (ertapenem) have only limited ac-
bers of Acinetobacter spp. isolates.[61] tivity against Acinetobacter spp. and should not be

used to treat infections caused by these patho-Other methods may be considered in special situ-
gens.[67] A new group II carbapenem, doripenem,ations in which individualized therapy is warranted,
appears to have efficacy comparable to imipenem/but these are seldom supported by evidence. Such
cilastatin and meropenem.[68] Finally, a new oralmethods include determination of the minimal bac-
penem, faropenem, has recently been made avail-tericidal concentration (MBC), serum bactericidal
able but is not US FDA approved. However, thistitres and synergy testing (discussed in section 5).
drug shows poor activity against nonfermentativeThere is little clinical experience in the application
Gram-negative bacilli.[69]of MBC assessment in Acinetobacter spp. infection.

Until the last decade, carbapenem resistance wasSearching for genetic resistance mechanisms is,
rare among Acinetobacter spp. isolates world-of course, not routinely carried out in nonspecialized
wide,[70] but the rates of carbapenem resistance arelaboratories. The presence of MBLs can be simply
growing alarmingly.[71] With increasing carbapenemestablished based on their inhibition by EDTA, us-
resistance, other ‘non-traditional’ drugs ought to being an Etest® strip that measures imipenem MIC
considered, such as those discussed in sections 4.1with and without EDTA.[38] However, this method
to 4.4.may yield false-positive results in MBL-negative

CHO-positive strains with phenotypic carbapenem Isolates commonly show similar susceptibility to
resistance.[62] Specialized selective agar media that both imipenem and meropenem. Occasional dis-
contain carbapenems may preferentially grow crepancies in MIC may be observed in vitro between
carbapenem-resistant strains.[63] In addition, certain these agents, but these do not necessarily imply
phenotypes correlate well with genotypic resistance categorical disagreement. Among discrepant iso-
and may be used as surrogate markers, such as lates at certain geographical locations, imipenem
evidence of ceftazidime resistance that may predict may have either lower or higher MIC values than
the presence of TEM-1, and of gentamicin and cotri- meropenem.[72,73] While the clinical impact of such
moxazole resistance that may predict the presence of discrepancies is still considered unclear, there are
the integrase 1 gene,[64] or of disk synergy and disk anecdotal reports of patient death secondary to inap-
EDTA that correlate with MBL expression.[65] Mo- propriate therapy caused by discordant susceptibil-
lecular analysis of certain strains may reveal the ity results.[74] Our recommendation is to consider
presence of a resistance gene but not phenotypic resistance to any of the group II carbapenems as
resistance; the clinical significance of such findings evidence of resistance to the entire class.
is unknown.

4.1 β-Lactamase Inhibitors
4. Specific Antimicrobial Agents

Of the β-lactamase inhibitors, sulbactam is the
The optimal regimen for treating Acinetobacter most efficacious and most studied agent in the con-

spp. infection has not yet been established because text of Acinetobacter infection. Sulbactam shares
of the lack of comparative clinical trials. By consen- many pharmacological similarities with aminopeni-
sus, therapy with a β-lactam agent with or without cillins and exerts direct bacteriostatic activity
an aminoglycoside is most commonly recommen- against Acinetobacter spp. through binding to PBP2.
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It has been administered as ampicillin/sulbactam 4.2 Polymyxins
(2 : 1 ratio), since pure sulbactam is not available in

Two polymyxin compounds have been used withmany countries, although the two agents are not
MDR organisms: polymyxin B and polymyxin Esynergetic.[75] Ideally, the dose of sulbactam should
(colistin). Colistin is more widely used and is avail-be 1 g every 3–4 hours (corresponding with a daily
able in two forms – colistin sulfate, which is admin-dose of ampicillin of up to 24 g). Sulbactam, alone
istered orally or topically, and colistin methanesul-

or in combination, shows significant activity against
fate (or colistimethate sodium), which is adminis-

both A. baumannii as well as genomo-species 3.[76]
tered systemically. The latter preparation is less

Experimental data also support the role of sulbactam potent and less toxic. Colistin is a cationic lipopep-
in the treatment of Acinetobacter spp. infection. tide that acts by interacting with anionic lipo-
Sulbactam has shown greater efficacy than that of polysaccharide moieties on the bacterial cell mem-
imipenem in a mouse pneumonia model involving a brane, thereby leading to increased membrane per-
susceptible strain, but it was inferior to imipenem in meability.[84]

a rabbit endocarditis model involving a non-suscep- The intravenous dosage of colistin is problematic
tible strain.[77] These experimental findings should and differs between the US and Europe. Colistin
be interpreted with caution, given the significantly 1 mg is equivalent to 12 500 IU with colistimethate

and 30 000 with colistin base, and a call for stan-different pharmacokinetics of imipenem in mice
dardisation of dosage regimens has recently beencompared with humans.
issued.[85] US dose administration regimen consistMost data on sulbactam therapy in humans come
of 2.5–5 mg/kg/day of colistin base in two to fourfrom retrospective analyses or case series. Cure
divided doses (75 000–150 000 IU/kg/day), while

rates of 80–90% have been reported by several
the recommended dosage in the UK is 4–6 mg/kg/

authors in both bacteraemic and non-bacteraemic day in three divided doses for adults with ≤60 kg
patients,[75,78,79] and ampicillin/sulbactam has been bodyweight (50 000–75 000 IU/kg/day) and
reported to have similar efficacy to that of imipe- 80–160 mg (1–2 million IU) every 8 hours for adults
nem/cilastatin.[80,81] Of 94 patients with nosocomial weighing >60 kg.[86] Administration of higher dos-
Acinetobacter spp. bacteraemia, 33 patients infected ages (3 000 000 IU every 8 hours) has also been
with carbapenem-resistant strains and treated with reported.[87] The bactericidal activity of colistin is
ampicillin/sulbactam had mortality rates almost concentration dependent, therefore administering
identical to 38 patients infected with susceptible large doses in less frequent intervals may be a favou-

rable approach.[84] Continuous colistin infusion hasstrains and treated with adequate standard therapy
been reported anecdotally as well.[88] Dose adjust-(42% vs 40%). Moreover, ampicillin/sulbactam was
ment is required in the presence of renal failure.associated with reduced mortality among patients
Moreover, different polymyxin dose administrationwith high Acute Physiology and Chronic Health
schedules have been proposed for patients undergo-Evaluation (APACHE) II scores.[10] In another
ing haemodialysis.[89]

study, of 40 patients with different types of infection
Colistin had been abandoned years ago becausecaused by carbapenem-resistant strains, 67.5% were

of high rates of nephro- and neurotoxicity. Since itsimproved or cured with ampicillin/sulbactam (even
revival during the last decade, it has been widely

at relatively low doses).[82]

used in Acinetobacter spp. infection. However, most
Of note, another sulbactam-containing prepara- available data are uncontrolled and largely heteroge-

tion exists in several countries, namely cefoper- neous, and therefore its efficacy is difficult to esti-
azone/sulbactam. Despite the in vitro susceptibility mate, especially if given as salvage therapy after
of many MDR strains, clinical data on this combina- standard therapy has failed. Surprisingly, recent data
tion are limited.[83] suggest that the incidence and magnitude of nephro-
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toxicity is much lower than that previously reported, fectious foci and causative pathogens, but support
the reasonable clinical efficacy of intravenous colis-and even prolonged therapeutic courses are asso-
tin.[96-98] The use of polymyxins in MDR Gram-ciated with nonsignificant increases of serum creati-
negative infection has been extensively reviewednine without frank renal dysfunction.[90] This issue
elsewhere.[86,99]has been recently subject to systematic review,[91]

which showed that while older studies have reported
4.3 Tetracyclines and Glycylcyclinesnephrotoxicity rates of 20–30% and even as high as

50%, higher doses of colistin were administered
Tetracycline resistance is common among MDRcompared with those used today. Moreover, no

Acinetobacter spp. Tetracycline resistance is medi-standard definition of toxicity was employed and
ated by genes such as tet(A) or tet(B) that encodestudies did not control for other possible causes of
specific efflux pumps. The latter also affects mino-nephrotoxicity such as aminoglycoside use or pre-
cycline, and therefore Tet(B)-positive strains mayexisting renal dysfunction. Not unexpectedly,
demonstrate resistance to tetracycline and inter-nephrotoxicity correlates well with the cumulative
mediate resistance to minocycline in Acinetobac-colistin dose.[92] Fewer toxicity data are available for
ter.[100] Tetracycline-resistant minocycline-suscepti-polymyxin B, but an incidence of renal failure of
ble isolates are not uncommon. High rates of mino-15% has recently been reported.[93] In that uncon-
cycline susceptibility have been reported introlled study, polymyxin B resulted in a microbio-
Acinetobacter spp., even when the carbapenem re-logical cure rate of 88%, with mortality being signif-
sistance rate is substantial. Although minocyclineicantly higher among patients with drug-induced
susceptibility has been evaluated by many in vitrorenal failure.
studies, data on its in vivo efficacy are nearly nonex-

Resistance to colistin may involve mutations or istent.
adaptive mechanisms that affect both colistin and Tigecycline is a new glycylcycline agent (tetra-
polymyxin B. These may include outer membrane cycline derivative) recently approved for use. Simi-
alterations (reduced lipopolysaccharide levels, re- lar to tetracyclines, tigecycline is a bacteriostatic
duction in cation content or reduced levels of specif- agent that interferes with bacterial protein synthesis
ic proteins) or even efflux pumps. However, enzy- through ribosomal binding and thus exhibits time-
matic resistance has not been reported.[86] A recent dependent bactericidal activity. Tigecycline is elim-
study evaluating a collection of 115 clinical strains inated via biliary excretion and dose adjustment is
has found a resistance rate of 19.1% (MIC at which unnecessary with renal failure. Notably, tigecycline
50% of bacteria are inhibited = 0.06 µg/mL and MIC has an excellent safety profile. It has been reviewed
at which 90% of bacteria are inhibited = 16 µg/ in several recent publications.[101,102]

mL).[55] Nevertheless, resistance rates to polymyx- Common tetracycline resistance determinants are
ins at most locations are reported to be lower, and unable to inhibit tigecycline and natural resistance to
range between 2.1% among isolates in general and tigecycline is unusual. Nevertheless, several unique
up to 3.2% among MDR isolates.[94]

multidrug efflux pumps have been shown to reduce
There are limited published data on polymyxin organism susceptibility to tigecycline.[103] Tige-

therapy for MDR or PR Acinetobacter infection. cycline has a wide spectrum of activity and has low
Most reports refer to treatment of bloodstream infec- MIC values (<2 µg/mL) for almost all Acinetobacter
tion, or VAP and PSM, which are further discussed spp. studied thus far.[104] Tigecycline susceptibility
in sections 7.1 and 7.2. Other types of infection have has also been shown in polymyxin-resistant
been rarely studied and experimental data are not strains.[105] Strains resistant to tigecycline have al-
favourable for some (e.g. endocarditis).[95] Most re- ready been described, although their prevalence is
ports are uncontrolled case series that involve a still low:[106] resistance was recently shown to be 6%
heterogeneous patient population with various in- in an international collection of European and
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American isolates.[107] Interestingly, the resistance Data on the clinical efficacy of fluoroquinolones
rate of imipenem among the latter was only 3%. in nosocomial Acinetobacter spp. infection are

sparse. Moreover, occasional MDR strains exhibitTigecycline has been studied mainly in compli-
a levofloxacin-susceptible ciprofloxacin-resistantcated skin and skin structure infections (compared
phenotype. Although the clinical implications of thiswith vancomycin) and in complicated intra-abdomi-
discrepancy are unknown, it may represent a pre-nal infection (compared with imipenem/cilastatin),
existing mechanism of resistance that will eventual-and has been shown to be non-inferior to its compa-
ly lead to fluoroquinolone treatment failure.rators.[103] However, data in the context of MDR

Acinetobacter are limited. Tigecycline has been re-
5. Antimicrobial Combination Therapyported to result in cure of severe MDR Acinetobac-

ter infection after failure of combined therapy with
The importance of combination therapy has beenmeropenem plus colistin,[108] although at least two

widely shown for other nonfermentative Gram-neg-cases (one fatal) have been described in which
ative bacilli, such as Pseudomonas aeruginosa (es-carbapenem-susceptible tigecycline-resistant Acine-
pecially with bloodstream infection or febrile neu-tobacter strains were acquired during tigecycline
tropenia), but it has not been given much attention intherapy for other indications. Preliminary data sug-
relation to Acinetobacter. Combination therapy ofgest a role of efflux pump mechanisms in causing
susceptible strains is directed at improving outcometigecycline resistance.[109] Thus, tigecycline appears
(relative to monotherapy) via a synergistic effect.to be a promising drug for treatment of Acinetobac-
Secondary goals of combination therapy are theter infections, but it should be used with caution
prevention of adverse effects by lowering druguntil more clinical data are available.
doses and the prevention of emergence of resistance
during therapy.[115] In the setting of PR strains, com-

4.4 Fluoroquinolones bination therapy aims at producing additive or sub-
additive effects, such as the enhancement of the

Fluoroquinolones are important agents in the effect of one agent by another inactive drug. The
treatment of Gram-negative infection. Among this emergence of PR Acinetobacter strains has prompt-
group, levofloxacin (the L-isomer of ofloxacin) has ed the study of various antimicrobial combinations,
been shown to yield a lower MIC compared with most commonly in in vitro studies or experimental
ciprofloxacin and ofloxacin against Acinetobacter models, while clinical experience with combination
spp. Levofloxacin has shown a wide MIC range therapy is quite limited.
against A. baumannii (0.06–0.64 µg/mL), with a Several drug combinations have been tested
substantial difference in the modal MIC between against Acinetobacter spp., mostly involving colis-
nalidixic acid-susceptible and -resistant strains.[110] tin, carbapenems, rifampin, azithromycin, fluoro-

quinolones and sulbactam. Synergistic effects mayOverall, resistance rates to ciprofloxacin and
have plausible explanations, such as increased β-levofloxacin among Acinetobacter spp. clinical iso-
lactam activity as a result of the effect of colistin onlates are around 50%.[111] In vitro selection of resis-
the cell membrane, but specific mechanisms havetance to fluoroquinolones has been shown to in-
not been elucidated for most drug combinations.crease in Acinetobacter spp. by means of mutations,

but this phenomenon was largely prevented when The two most common methods for assessing
fluoroquinolones were combined with β-lactams or synergistic effects are the checkerboard microdilu-
aminoglycosides.[112] Several other fluoroquino- tion method and the time-kill assay. In checkerboard
lones, such as gemifloxacin[113] and clinafloxacin or synergy studies, the fractional inhibitory concentra-
gatifloxacin,[114] have been shown to have enhanced tion (FIC) index (FICI) is calculated, as the sum of
activity against Acinetobacter spp. in vitro com- the FIC of each drug. FIC equals the MIC of a
pared with older members of this class. certain drug in a drug combination divided by the
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MIC of the same drug if administered alone. A FICI summarized in table II. Interestingly, in vitro syner-
gy often does not translate to improved outcome in<0.5 represents synergy, FICI = 1 is an additive
experimental models. Methodology issues are theeffect and FICI >4 indicates antagonism. A
most likely explanation for these discrepancies, for0.5 < FICI < 1 is regarded as partial synergy by
example, effect of high versus low inocula, differ-some and as an additive effect by others, while
ences in pharmacokinetics/pharmacodynamics in1 < FICI < 4 may be considered indifferent. Classic
mouse models, or the site of infection. Moreover, incheckerboard studies utilize a standard microdilu-
vitro synergy may not always translate to clinicaltion plate that contains the various concentrations of
outcome in human studies. For example, in oneeach of the two tested antimicrobials (x and y axes)
retrospective study of MDR Gram-negative infec-and their combinations, yielding a checkerboard ma-
tion (including but not limited to Acinetobacter),trix. In triple-synergy studies, the same method is
colistin monotherapy resulted in a better outcomeemployed except that the microdilution plate is rep-
than a colistin plus meropenem combination and thelicated as necessary, each time with a different con-
authors concluded that monotherapy is not inferiorcentration of a third antimicrobial (z axis), thereby
to combination therapy,[139] with response rates (im-creating a ‘3-dimensional’ matrix.
provement or cure) for both being high, rangingWith time-kill assays, synergy is usually defined
between 68% and 86%.as a decrease of at least 2 log10 in the viability count

With other combinations, emergence of resis-at 24 hours with a drug combination, compared with
tance is an issue; for example, resistance to rifampinthat of the more active of the drugs alone. Time-kill
develops rapidly during treatment despite promisingsynergy studies may also employ two or more
in vitro data. While experimental data suggest thatantimicrobials. Discrepancies between the two
this may be obviated by the addition of a β-lactammethods often occur and agreement depends on the
agent, such as carbapenem,[142] this finding is notmethod of interpretation of checkerboard results.[116]

supported by clinical data.[143]
Synergy may also be tested using the Etest®.

We believe that combination therapy has now
Various studies of in vitro synergy against Acine- become the preferred practice in the treatment of

tobacter spp. are summarized in table I; the signif- infections by MDR Acinetobacter. Since there is
icant variability between studies in relation to strain strain-to-strain variation in response to different
selection, testing methods and studied combinations combinations, synergy tests are warranted in order
is easily appreciated. Moreover, the FICI break- to direct therapy. Further studies in this context are
points differed widely between studies, so that no urgently needed.
drug combination has consistently exhibited syner-
gy. Despite these limitations, combining drugs that 6. Adjunctive Measures
have previously been shown to produce synergy is
reasonable when faced with MDR or PR strains. In

6.1 Surgeryaddition, synergy studies may assist in eliminating
the administration of combinations that have been Similar to infections caused by other bacteria,
shown to produce antagonistic effects. Standardiza- antimicrobials alone may not always be sufficient to
tion of in vitro synergy studies in order to establish treat Acinetobacter spp. infection, and surgical in-
better clinical correlates is undoubtedly warranted. terventions may be required in order to achieve
Of note, strain-to-strain variation does exist in re- better source control. This is especially true for
gard to synergy, probably due to differences in situations like PSM with ventriculitis, mediastinitis
resistance mechanisms, and thus synergy studies or deep sternal wound infection following open-
may be applicable only to studied isolates. heart surgery, thoracic empyema, infection of trau-

Combination therapy has also been evaluated in matic wounds or orthopaedic implants, or in the
several experimental models, some of which are event of tertiary peritonitis. Commonly, surgical
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Table I. Summary of in vitro data regarding the effect of antimicrobial combinations against Acinetobacter spp.

Reference Resistance No. of Methods Combinations Results Comments
(year) pattern isolates tested

Bajaksouzian et NR 101 Checkerboard LEV-AMK Synergy rate 1%, partial Synergy and partial
al.[117] (1997) synergy rate 57% synergy found mainly in

isolates with LEV MIC
≤2 µg/mL

OFL-AMK Synergy rate 2%, partial
synergy rate 54%

CIP-AMK No synergy, partial
synergy 55%

15 Time-kill LEV-AMK Synergy rate 46.7% Synergy found in isolates

OFL-AMK Synergy rate 46.7% with LEV MIC ≤2 µg/mL

CIP-AMK Synergy rate 46.7%

Owens et al.[118] Various, CR NR 15 Checkerboard PTZ-TOB Synergy rate 100%

(1997) T/C-TOB Synergy rate 100%

CAZ-TOB Synergy rate 73%

CRO-TOB Synergy rate 47%

Tascini et al.[119] NR; POLYB-S, 5 Checkerboard RIF-POLYB Synergy rate 60%; partial Old polymyxin breakpoints
(1998) A/S-S synergy rate 40% used

RIF-A/S Synergy rate 40%; partial
synergy rate 60%

POLYB-A/S Indifferent 100%

Hogg et al.[120] MDR; CR-R; 13 Checkerboard RIF-COL Synergy rate 84.6%; Colistin sulphate tested;
(1998) COL-S additive/indifferent 15.4% initial testing with disk

diffusion

Manikal et al.[121] MDR 24 Checkerboard RIF-POLYB Synergy rate 50%;
(2000) additive 50%

POLYB-AZI Synergy rate 83.3%;
additive 16.7%

FOS-AMK; FOS- Additive 100%
A/S; POLYB-
MER; POLYB-
TMP/SMX

Appleman et al.[122] Various 4 Checkerboard A/S-RIF Synergy rate 25% Bactericidal/bacteriostatic

(2000) A/S-AZI Synergy rate 25% effects were

A/S-TVX No synergy predetermined by time-kill

A/S-DOX No synergy assays

Rodriguez- CR-S 1 Time-kill IPM-AMK No synergy (24 h) Combination therapy not

Hernandez et al.[123] DOX-AMK Synergy rate 100% (24 h) superior in an
(2000) experimental model.

Giamarellos- MDR 39 Interactive time- COL (1× MIC) Synergy rate 15.4% (6 h); 10% CR-R; 15.2% RIF-S;
Bourboulis et al.[124] kill -RIF 51.3% (24 h) 100% COL-S

(2001) COL (4× MIC) Synergy rate 15.4% (6 h);
-RIF 66.7% (24 h)

Fernandez-Cuenca MDR 5 Checkerboard AZI-IPM No synergy

et al.[125] (2002) AZI-CAZ Synergy rate 20%; partial
synergy rate 20%

AZI-CIP No synergy

Continued next page
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Table I. Contd

Reference Resistance No. of Methods Combinations Results Comments
(year) pattern isolates tested

AZI-AMK No synergy

Jung et al.[126] NR 7 Time-kill MOX-FEP Synergy rate 100% (24 h) Synergy rate lower at 8 h;

(2004) MOX-PTZ Synergy rate 100% (24 h) both combinations tested
at 0.5× and 1× MIC,
yielding slightly different
results

Drago et al.[127] Non-MDR 10 Checkerboard 10 regimens, Synergy in 27% of
(2004) including CIP/ experiments

LEV and IPM/
CAZ/AMK/FEP/
PTZ

2 Time-kill Synergy in 35% of
experiments

Yoon et al.[128] PR; CR-R 8 Checkerboard POLYB-IPM Bactericidal rate 87.5% Time-kill assays utilized
(2004) (3D) and time- (24 h); synergy at various 0.25× MIC of each agent

kill. dilutions

POLYB-RIF Bactericidal rate 87.5%
(24 h); synergy at various
dilutions

POLY-B-IPM-RIF Bactericidal rate 100%
(24 h); synergy at various
dilutions

Ko et al.[129] (2004) MDR 1 Time-kill A/S-MER Synergy observed in In an experimental model,
1 × MIC (48 h) combination therapy

resulted in improved
outcome

Montero et al.[130] MDR; low level 1 Time-kill 20 regimens Synergy with IPM-A/S, In an experimental model,
(2004) CR-R containing IPM, IPM-TOB, IPM-RIF combination therapy

A/S, TOB, RIF and A/S-TOB resulted in improved
response

MDR; high level 1 28 regimens Synergy with RIF-IPM,
CR-R containing IPM, RIF-TOB, RIF-A/S

A/S, TOB, RIF, and A/S-TOB
COL

Kiffer et al.[131] MDR 48 Checkerboard A/S-MER Synergy rate 29.2%;
(2005) partial synergy rate

47.9%; additive 10.5%;
indifferent 6.2%;
antagonism 6.2%

Sader and MDR 34 Checkerboard A/S-FEP Synergy rate 26.5%; Full/partial synergy rate
Jones[132] (2005) partial synergy rate among CR-R isolates

61.8%; additive 11.8%; 84.2%
no antagonism

Bernabeu-Wittel et MDR; IPM-S 1 Checkerboard IPM-AMK Synergy rate 100% Synergy not observed in

al.[133] (2005) MDR; IPM-R 1 IPM-AMK Indifferent an experimental model

Haddad et al.[134] Mostly CR-R 10 E-test IMP-COL Synergy rate 40%
(2005)

IMP-AMK Synergy rate 30%

Continued next page
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Table I. Contd

Reference Resistance No. of Methods Combinations Results Comments
(year) pattern isolates tested

Tong et al.[135] CR-R 24 Checkerboard FEP-A/S Synergy 33.3%; partial
(2006) synergy 58.3%; additive

4.2%; indifferent 4.2%

Wareham and CR-R (OXA-23); 5 E-test (double POLYB-IPM Borderline synergy in 1/5
Bean[136] (2006) COL-S strip) and of isolates

combined E-test- POLYB-RIF No synergy

agar-dilution POLYB-AZI No synergy

Timurkaynak et MDR 5 Checkerboard COL-RIF Synergy rate 80%; partial
al.[137] (2006) synergy rate: 20%

COL-MER Synergy rate: 60%; partial
synergy rate: 20%

COL-DOX Synergy rate: 0%; partial
synergy rate 80%

COL-AZI Synergy rate 60%; partial
synergy rate 0%

Biancofiore MDR; COL-S 1 Checkerboard COL-RIF Synergy rate 100% This triple-drug regimen

et al.[138] (2007) MER-RIF Synergy rate 100% resulted in clinical cure

COL-MER Additivity
AMK = amikacin; A/S = ampicillin/sulbactam; AZI = azithromycin; CAZ = ceftazidime; CIP = ciprofloxacin; COL = colistin;
CR = carbapenem; CRO = ceftriaxone; DOX = doxycycline; FEP = cefepime; FOS = fosfomycin; IPM = imipenem; LEV = levofloxacin;
MDR = multidrug-resistant; MER = meropenem; MIC = minimum inhibitory concentration; MOX = moxifloxacin; NR = not reported;
OFL = ofloxacin; PTZ = piperacillin/tazobactam; POLYB = polymyxin B; R = resistant; RIF = rifampicin; S = susceptible; T/C = ticarcillin/
clavulanic acid; TOB = tobramycin; TMP/SMX = trimethoprim/sulfamethoxazole; TVX = trovafloxacin.

interventions are either open or percutaneous drain- polymyxin-resistant strains.[144] In addition, a
age of fluid collections or frank abscesses, although cecropin A-melitin hybrid peptide has also demon-
definitive surgical procedures may be needed for strated good in vitro efficacy against polymyxin-
resolution of underlying pathologies. There are no susceptible Acinetobacter spp. and even pharmaco-
data on the surgical management of Acinetobacter dynamic advantages over polymyxin B.[145] Later
infection specifically, and clinicians should obtain a data using several derivatives of this antimicrobial
surgical consultation in the appropriate circum- peptide have yielded promising in vitro results
stances, based on sound clinical judgment. against colistin-resistant strains,[146] but clinical ex-

perience with these compounds is limited.
Other novel antibacterial compounds relevant to6.2 Novel Anti-Infective Agents

Acinetobacter spp. may be inhibitors of fatty acid
While Acinetobacter spp. appear to have ex- biosynthesis enzymes (Fab I and Fab K) or even

hausted the current antimicrobial armamentarium, bacteriophages.[147] These agents have not yet
development of novel antibacterial compounds still reached the industrial antimicrobial pipeline.
holds some promise. Antimicrobial peptides have
gained much interest in recent years, although only a 6.3 Prevention
few have been experimented upon in vivo. Several
anecdotal reports have demonstrated enhanced in Prevention of nosocomial infection with MDR
vitro activity of synthetic peptides against Acineto- Acinetobacter spp. is, of course, no less important
bacter. For example, rBPI21 (recombinant N-termi- than adequate treatment of established infection
nal domain of human bactericidal/permeability pro- with the micro-organism. Preventive modalities
tein) and cecropin P1 (a porcine antibacterial pep- may include judicious antimicrobial use, meticulous
tide) have shown significant in vitro efficacy against infection control with emphasis on hand hygiene
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and environmental cleansing, prevention of VAP, Nosocomial MDR Acinetobacter meningitis has
surgical site infection and catheter-related blood- also been successfully treated with colistin. Intrave-
stream infection via adequate clinical practices, anti- nous colistin methanesulfonate (5 mg/kg/day) re-
microbial prophylaxis, and skin or mucosal decon- sulted in cure in one case when cerebrospinal fluid
tamination. The issue of prevention is beyond the colistin concentrations were roughly 25% of serum
scope of this review. However, there is a vast concentrations.[154] A recent literature review of
amount of literature on this subject, including guide- 14 patients with MDR Acinetobacter meningitis
lines issued by the Centers for Disease Control and treated with intravenous, intrathecal, intraventricu-
Prevention, Infectious Disease Society of America, lar or intravenous plus intrathecal colistin has docu-
and other internationally known organisations. Most mented a 93% cure rate.[155] Colistin may be given
publications do not address Acinetobacter spp. spe- via the intrathecal or intraventricular routes in doses
cifically, but the guidelines are applicable to this of 125 000–500 000 IU/day.
organism.

Reports of colistin therapy for Acinetobacter
PSM are summarized in table III. Caution should be7. Management of Specific Syndromes
exercised in the interpretation of these data, in addi-
tion to all the limitations mentioned earlier, given

7.1 Nosocomial Meningitis the variability of published cases (regarding host
and therapeutic factors) as well as lack of relevantAcinetobacter spp. are increasingly implicated in
information in some of them. Host risk factorsnosocomial meningitis, especially PSM. A decade
differed between cases given a wide range of patientago, strains causing PSM were uniformly
age (paediatric patients vs adults), the events pre-carbapenem susceptible[148] or showed very low
ceding the onset of PSM (recurrent craniotomies,carbapenem resistance rates,[149] and drugs, such as
especially in patients with malignancy vs a singlehigh-dose meropenem, have become the standard of
procedure, usually with trauma), and type of infec-care in empirical and definitive therapy of PSM.
tion (meningitis vs ventriculitis, presence of pros-However, the rates of resistance have been on the
thetic material, presence of bacteraemia, and mono-increase. Acinetobacter spp. accounted for 29 of
vs poly-microbial infection). Differences in thera-35 PSM cases in one hospital during an 8-year
peutic factors included different dose administrationperiod and nearly one-half of the isolates were
schedules of colistin and different routes (intrave-carbapenem resistant.[150] Although most cases are
nous, intrathecal, intraventricular), number ofsporadic, outbreaks of PSM have also occurred.[151]

antimicrobials given (monotherapy vs dual therapy)There is limited experience with sulbactam in
and their routes, surgery (retention vs removal ofAcinetobacter PSM, and published reports may suf-
prosthetic material, drug vs surgical therapy) andfer from a publication bias (i.e. positive results are
length of therapy. Moreover, specific outcome datafrequently published, whereas negative results are
were not always present (microbiological vs clinicalnot). Seven of eight patients with nosocomial men-
cure, functional neurological outcome) and the vol-ingitis reported by Jimenez-Mejias et al.[152] were
ume of distribution of colistin was not always esti-infected with carbapenem-resistant strains, and sul-
mated if given intraventricularly (volume of distri-bactam therapy (1 g every 6 hours) resulted in the
bution changes as a result of the volume drained bycure of most of them. Another case of PSM and
external ventricular drainage, if present). Lastly, ashunt infection was cured with sulbactam 300 mg/
publication bias might have occurred with colistin askg/day, although the specific route of administration
well. Therefore, on the basis of available data, wewas not specified.[153] Notably, carbapenem resis-
suggest that colistin is a viable option for the treat-tance had emerged in the latter case during imipe-
ment of PSM, but an evidence-based recommenda-nem/cilastatin therapy and the initially used lower
tion regarding the dose, route, addition of othersulbactam doses had failed.
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Table III. Colistin (COL)-based therapy of multidrug-resistant (MDR) Acinetobacter spp. nosocomial meningitis 

Reference (year) Resistance pattern No. of Diagnosis Agents used Route Outcome Comments
cases

Fernandez-Viladrich CR-R, COL-S 2 PSM, EVD COL 5 mg q12h IVR Cure Failure of IVR TOB

et al.[156] (1999) infection TOB 5 mg/kg/day IV

EVD infection COL 5–10 mg q12h IVR Cure Failure of IVR COL 5 mg

TOB 5 mg/kg/day IV

Vasen et al.[157] CR-R, COL-S 1 PSM, EVD COL 5–10 mg/day IT Cure Bactericidal titre of CSF
(2000) infection 1 : 8

Jimenez-Mejias et CR-R; COL-S 1 PSM, VPSI COL 5 mg/day IV Cure Bactericidal titre
al.[152] (1997) measured in CSF

Benifla et al.[158] COL-S; A/S-S 1 Infected dural COL 40 000 IU/day IT Cure Polymicrobial infection
(2004) patch and shunt,

CSF leak

Fulnecky et al.[159] CR-R 1 PSM AMK 600 mg q12h IV Cure
(2005)

AMK 10 mg/day IT

COL 1.25 mg/kg IV
q12h

Bukhary et al[160] MDR 1 PSM COL 125 000 IU IVR Cure Concomitant
(2005) q12h bacteraemia; failure of IV

IPM/CIP/COL

Sueke et al.[161] MDR; COL-S 1 VPSI COL 75 000 IU q12h IT Cure Higher COL dose
(2005) resulted in seizures

COLa IV

Kasiakou et al.[162] MDR; COL-S 2 Recurrent PSM COL 1 000 000 IU IV Cure Recurrent PSM in a
(2005) q8h single patient; IVR

therapy

COL 20 000–40 000 IVR commenced after IV
IU q24h therapy failed; duration of

therapy 3–6 weeks

AMK 500 mg q12 h IV

AMK 5–10 mg q24h IVR

TPL 400 mg q24h IV

TPL 10 mg q24h IVR

Ng et al.[163] (2006) MDR 5 Recurrent EVD COL 10 mg/day IVR Cure

infection AMKa IV

EVD infection COL 10 mg/day IVR Cure (poor Failure of IV COL alone

AMKa IV functional

COL 150 mg q12h IV status)

EVD infection COL 10 mg/day IVR Cure Chemical meningitis

AMKa IV

COLa IV

EVD infection COL 10 mg/day IT Cure Chemical meningitis

AMKa IV

COLa IV

PSM COL 1–4 mg/day IT Cure (poor Chemical meningitis at

Continued next page
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Table III. Contd

Reference (year) Resistance pattern No. of Diagnosis Agents used Route Outcome Comments
cases

AMKa IV functional 4 mg/day; paediatric
status) case

COL 2.5 mg/kg q12h IV

Motaouakkil et MDR; COL-S 1 PSM COL 10 mg/day IT Cure COL dose 5 mg on day 1

al.[164] (2006) RIF 10 mg/kg q12h IV

Karakitsos et al.[165] MDR; COL-S 6 VPSI COL 10–20 mg/day IVR Cure
(2006)

a Dosage not reported.

AMK = amikacin; A/S = ampicillin/sulbactam; CIP = ciprofloxacin; COL = colistin; CR = carbapenem; CSF = cerebrospinal fluid;
EVD = external ventricular drainage; IT = intrathecal; IV = intravenous; IVR = intraventricular; PSM = postsurgical meningitis; qxh = every x
hours; R = resistant; RIF = rifampicin; S = susceptible; TOB = tobramycin; TPL = teicoplanin; VPSI = ventriculo-peritoneal shunt infection.

drugs, surgical therapy and treatment duration can- imipenem or sulbactam, even with isolates non-
not be made at the moment. susceptible to the latter.[167]

Sulbactam treatment of VAP caused by car-
7.2 Hospital-Acquired/Ventilator-Associated bapenem-resistant strains in 14 patients resulted in
Pneumonia outcomes similar to those of 63 comparable patients

treated with carbapenems for VAP caused byAcinetobacter spp. are a major cause of VAP and
carbapenem-susceptible strains.[168] Sulbactam mayare associated with mortality rates of up to
also be administered to mechanically ventilated pa-50–70%.[166] The impact of Acinetobacter VAP on
tients via aerosol. One small randomized controlledpatient outcome is far from clear.[25] Current data
study employed aerosolized sulbactam (3 g everysuggest that the most prominent risk factor for Aci-
8 hours) in combination with intravenous sulbactamnetobacter VAP is previous antimicrobial use, and
(3 g every 8 hours) and found a significant decreasethat the outcome of this condition is similar to VAP
in Acinetobacter colony counts in bronchial secre-caused by other Gram-negative bacteria if it is ade-
tions compared with intravenous therapy alone.[169]

quately treated.[21]

However, the clinical importance of this observationThe treatment of Acinetobacter VAP has been
is not clear.influenced by experimental data (table II). In an

Colistin treatment of VAP caused by carbapen-animal model of pneumonia, imipenem combined
em-resistant strains resulted in similar efficacywith amikacin was inferior to imipenem alone when
to imipenem/cilastatin therapy of susceptibletested against carbapenem-susceptible strains or to
strains.[170] Both treatment groups had cure rates ofamikacin alone when tested against carbapenem-
57%, inhospital mortality rates of 62–64%, andresistant strains, despite an earlier demonstration of
VAP-related mortality of 36–38%. Another studyin vitro synergy.[133] Combining imipenem and ami-
analysed a heterogeneous group consisting of pa-noglycosides in another animal model yielded posi-
tients infected with both Acinetobacter spp. andtive results.[130]

P. aeruginosa, most of whom had VAP; the clinicalAnother mouse pneumonia model evaluated the
cure and mortality rates were similar for patientsrole of sulbactam in combination with one or two
treated with colistin as well as other drugs (mainlyother agents.[140] Best survival rates were achieved
carbapenems).[171] Similar findings have been re-with a ticarcillin/clavulanic acid plus sulbactam reg-
ported by others,[87] although lower cure rates haveimen in the presence of a cephalosporinase-produc-
also been reported.[172]

ing strain and sulbactam plus rifampin against MDR
strains. Colistin monotherapy has also been evalu- Colistin and rifampin demonstrated both in vitro
ated experimentally and was found to be inferior to and in vivo synergy against Acinetobacter spp. in
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experimental models such as the neutropenic rat with intravenous polymyxin B and/or aerosolized
polymyxin B. Since this study also analysed cases ofthigh infection model.[173] This combination was
P. aeruginosa infection, the efficacy of polymyxinsubsequently investigated in the treatment of 14 pa-
B for Acinetobacter alone is difficult to extract, buttients with VAP caused by carbapenem-resistant
it appears that about two-thirds of cases clinicallystrains; intravenous colistin (2 000 000 IU every
improved with polymyxin B therapy.[177]8 hours) and rifampin (600 mg/day) were adminis-

There are only few data on tetracycline therapytered to them all, and sulbactam was administered to
for Acinetobacter VAP. In one case series of VAPfive infected by sulbactam-susceptible strains. De-
caused by carbapenem-nonsusceptible strains, ther-spite a high mortality rate (due to various causes),
apy with minocycline or doxycycline was successfulthe combined regimen resulted in microbiological
in six of seven cases.[178] Of note, most patientsclearance of infection in nine patients.[174] In another
received additional drugs to which clinical isolatesstudy, 26 patients infected with MDR strains sus-
were resistant, but in vivo synergy was not evalu-ceptible only to colistin (19 of whom had VAP)
ated, making the net effect of tetracycline difficult towere treated with a colistin plus rifampin combina-
estimate.tion, and all had a favourable outcome.[164] Notably,

non-bacteraemic VAP was treated with aerosolized
8. Future Prospectscolistin (1 000 000 IU every 8 hours) and intrave-

nous rifampin (10 mg/kg every 12 hours), while nine
The incidence of infections caused by MDRbacteraemic patients (including three with VAP)

Acinetobacter spp. is expected to continue rising,received intravenous colistin (2 000 000 IU every
leading to the spread of MDR and PR strains to8 hours) plus rifampin.
virtually all large hospitals worldwide, causing mil-

Colistin may also be administered by inhalation. lions of infections. Moreover, MDR and PR strains
The dose of aerosolized colistin may range between will be increasingly encountered, rendering drug
500 000 IU every 12 hours and 2 000 000 IU every treatment even more difficult. Tigecycline has been
8 hours. Treatment of VAP with nebulized colistin recently introduced and may be an important addi-
for 14 days was recently reported in a small case tion to the existing armamentarium against these
series, with a notable response rate.[175] Intravenous resistant strains. Nevertheless, no additional new
colistin was not coadministered, although other par- class of antimicrobials with activity against MDR
enteral agents were given, but isolates were resistant Acinetobacter spp. is expected to become available
to them. In another series, seven patients with Acine- in the near future.
tobacter pulmonary infection (mostly VAP) were Thus, it is of utmost importance that new anti-
treated with aerosolized colistin and concomitant microbial agents are developed. It is also essential to
intravenous therapy with colistin and/or other explore less traditional options, such as virulence-
antimicrobials, resulting in cure among six pa- attenuating agents, agents that influence the trans-
tients.[176]

missibility of the micro-organisms, phage therapy
Although most reports have focused on colistin, and immune therapy. These efforts will require in-

recent data on polymyxin B has been accumulating. vestment from pharmaceutical consortia, biotech-
In a case series involving 16 patients with Acineto- nology companies and the academia. To make this
bacter nosocomial pneumonia, most were critically possible, national and international agencies should

increase the funds dedicated to research and provideill and being treated in the intensive care unit. Iso-
the economical incentives to the development oflates were carbapenem resistant in 13 patients and
new classes of antimicrobials.resistant to all drugs except polymyxin B in seven

patients. Polymyxin susceptibility was reported to Until new agents are available, we need to opti-
be 100% but only disk diffusion was utilized for mize the use of existing ones, for example by tailor-
determining susceptibility. Patients were treated ing the use of combination therapy based on more
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