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Review Article
Acinetobacter: A War Zonein the Hospital

ABSTRACT

Acinetobacter baumannii has emerged as a significant hospital pathogerausec of the
increasing number of infections and the global apref strains with resistance to multiple
antibiotic classes. An important contribution te #pidemiology of infections witA. baumannii

is the return of military personnel who have foughtrag or Afghanistan. In spite of its clinical
relevance, until recently, there has been limitgdrgific data regarding the microbiological and
pharmacological aspects of this organism. The ab#ity of complete genome sequences,
molecular tools for manipulating the bacterial gaeoand animal models of infection facilitated
the identification of factors that play a role A baumannii persistence and infection. This
review summarizes the currently available data loa microbiology ofA.Baumanni and its

clinical and pharmacotherapeutic implications oaltineare.

Keywords. Acinetobacter baumannii; pathogen transmission;g dresistance; nosocomial;

microbiology; molecular diagnostics

INTRODUCTION

A.baumannii has emerged as one of the most troublesome pathdge health care
institutions globally. Its clinical significancesgecially over the last 15 years, has been prapelle
by its remarkable ability to upregulate or acquesistance determinants, making it one of the
most sinister organisms threatening the curreribiatic era’? It has also attained notoriety by
causing crippling infections in soldiers at wafriaqg, earning it the epithet “Iragibactét”.

The genus was first described in 19&thd A.baumannii is just one of the many
Acinetobacter species that can cause disease iarigjrbut it accounts for approximately 80%
of all reported Acinetobacter infectioh$.Acting in synergy with its resistance profile et
uncanny ability of A. baumannii to survive for prolonged periods throughout a hiadpi

environment, thus potentiating its ability for nosmial spread-??>
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Significant advances have been made in our undelisig of this organism. In the
present review, we describe these advances andattlsmpt to provide an appraisal of the

relevant microbiological characteristics and clatienplications ofA. baumannii.

EPIDEMIOLOGY

Since the early 1980s, hospital outbreaké.dfaumannii infections in Europe, mainly in
England, France, Germany, ltaly, Spain, and Theh&tnds have been investigated using
molecular epidemiological typing methods. Transmissof such strains has been observed
between hospitals, most probably via transfer dériaed patient$:*° International transfer of
colonized patients has led to the introduction anddsequent epidemic spread of multidrug-
resistantA. baumannii strains from Southern into Northern European coesitisuch as Belgium
and Germany.’ Intercontinental spread of multidrug-resistahbaumannii has also been
described between Europe and other countries assequence of airline travef.,

National surveillance studies in North America haemonstrated significant trends in
the emergence of multidrug-resistaAcinetobacter strains>> Nosocomial Acinetobacter
infections have some seasonal variation in theddrtates, with an unexplained upswing in late
summer monthé® Rates of nonsusceptibility to meropenem, imipeceftazidime, piperacillin-
tazobactam, ciprofloxacin, and gentamicin in Lafimerica are among the highest in the
world 2°

Numerous outbreaks of pandrug-resistanbaumannii have been documented in Asian
and Middle Eastern hospitals and a variety of ga@hamases have been described to originate
there?*°*! Qutbreaks of carbapenem-resistaat baumannii have also occurred in French
Polynesid® Most recently, reduced susceptibility to tigecyeli of multidrug-resistant.
baumannii strains has been described in Austrafia.

A. baumannii and War

An important contribution to the epidemiology ofiéntions with A. baumannii is the
return of military personnel who have fought ingrar Afghanistarf:**® An increase in
infections withA. baumannii was first observed in U.S. military personnel inrkfa2003, soon
after combat operations commenced in Iraq. Mosirég military personnel were first treated at

field hospitals before being evacuatéd®'* In a careful outbreak investigation, it was
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determined that neither preinjury skin colonizatir introduction of the organism from soil at
the time of traumatic injury was the source of atifen. Rather, multiplé\. baumannii isolates
were cultured from a range of inanimate surfacdgld hospitals and were genotypically linked
to patient isolate5?*** The reservoir for these infections is not well wmoand may be
different for each treatment facility, but the eamte strongly suggests the high numbers of
wounded soldiers and the transfer of these solffiens one treatment facility to another aids the

transmission and the growing resistancé dfaumannii. 431

HISTORY

In 1911, Martinus Willem Beijerinck, a Dutch miciologist, described an organism
namedMicrococcus cal coaceticus that was isolated from soil by enrichmérthe current genus
designation, Acinetobacter, was proposed by Brisou and Prevot in 1954 to sepaitze
nonmotile from the motile microorganisms within tenusAchromobacter. ** In 1986, Bouvet
and Grimont, delineated 12 DNA groupsAsfinetobacter using DNA-DNA hybridization and
proposed 4 new species.3 The geAsmetobacter, comprisesA.calcoaceticus, A.baumannii,
Acinetobacter genomic species 3, andcinetobacter genomic species 13TU, these are very
closely related and difficult to distinguish fronaah other by phenotypic properties. It has
therefore been proposed to refer to these spesitreA.cal coaceticus-A. baumannii complex.*®
This group of organisms comprises the vast majoafy both community-acquired and

nosocomial infections.

MICROBIOLOGY

Abaumannii is a gram-negative, strictly aerobic, nonfermentingonfastidious,
nonmotile, catalase-positive, oxidase-negative @bacillus with numerous virulence factdrs.
These virulence factors aid in the attachment amdigtence on solid and dry surfaces, the
ability to obtain essential nutrients, the inndtdity to adhere and destroy epithelial cells, @on
with the ability to produce gelatinases and prats@s which damage host tisstiesVith
Acinetobacter being recovered from virtually all samples obtdifieom soil and surface water,
these hardy organisms are considered ubiquftdihey are also an integral member of the

human skin flora, with upto 43% of nonhospitalizedividuals being colonizet}
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A.baumannii has the ability to form biofilms, which play an portant role in
colonization. A biofilm is an aggregate of microangsms in which cells adhere to each other
and to a surface with a self-produced matrix of raodllular DNA, proteins, and
polysaccharide$®° Biofilms help the bacteria resist disinfection fehallowing the cells to
exchange resistance genes, facilitating the persistof the pathogért®

Acinetobacter species grow well at a 37°C incubation temperaturanedia routinely
used in clinical microbiology laboratories, suchsagep blood agar or tryptic soy agar. These
organisms form smooth, mucoid, grayish white caeni resembling those of
Enterobacteriaceae, with a colony diameter of 1.5 to 3 mm followingesnight culture:*
Unfortunately, there is no single metabolic testattan distinguish Acinetobacters from other
similar nonfermenting gram-negative bacteria. Aiatde method for identification of
acinetobacters at the genus level is the transtosmassay as described by Elliot Juni, based on
a unique property of mutaricinetobacter strain BD413trpE27, a naturally transformable
tryptophan auxotroph recently identified Asbaylyi, to be transformed by crude DNA of any
Acinetobacter species to a wild-type phenotyfie.

Various molecular methods have been developed atidated for identification of
Acinetobacters. These include amplified 16S rRNAgeestriction analysis (ARDRA), high-
resolution fingerprint analysis by amplified fragméength polymorphism (AFLP), ribotyping,
tRNA spacer fingerprinting, and sequencing ofpeB (RNA polymerase-subunit) gene and its
flanking spacers among others. ARDRA and AFLP aislyare currently the most widely

validated and accepted reference techniques foiespilentification of Acinetobactef$!#2

VIRULENCE FACTORS

Virulence mechanisms iA. baumannii include siderophore-mediated iron acquisition
systems, biofilm formation, adherence and OMP fienctand theA. baumannii LPS.%19%%n
order forA. baumannii to thrive in the iron-deficient environment of anhan host, it secretes
lowmolecular- mass ferric binding compounds, oegighore<? The ability ofA. baumannii to
adhere to and form biofilms on inanimate objectd anrfaces may explain its success in the
hospital environment. Adherence &f baumannii to human bronchial epithelial cells and
erythrocytes has also been demonstrated, with aimilus like structures appearing important
for adherence®?*?* After adherence to human cells, it appears #haiaumannii can induce
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apoptosis via an OMP (Omp38This protein appears to localize to the mitoch@deading to
both caspase-dependent and -independent pathwaggoptosisA. baumannii LPS has been
identified as the major immunostimulatory factoriethhas also demonstrated potent endotoxic
potential, stimulating the proinflammatory cytoksnenterleukin-8 and tumor necrosis factor
alpha.?® Humoral immune responses have also been desdobédinetobacter infection, with
antibodies being targeted toward iron-repressai®®and the O polysaccharide component of
LPS?

MECHANISMSOF ANTIBIOTIC RESISTANCE

The ability of A. baumannii to acquire antibiotic resistance mechanisms Hawedl this
organism to persist in hospital environments argl faailitated the global emergence of MDR
strains.p-lactam resistance iA. baumannii is due to its ability of enzymatic degradationfby
lactamasesA. baumannii strains possess chromosomally encoded Amp C cesg@ioases,
also known asAcinetobacter-derived cephalosporinases (ADCS):*® The key determinant
regulating overexpression of this enzymeAnbaumannii is the presence of an upstream IS
element known as ¥$al.?° They encode a transposase and therefore are mShkitend, they
can contain promoter regions that lead to overesgina of downstream resistance determinants.
Unlike the OXA-type enzymes, MBLs are most commoafaynd within integrons, which are
specialized genetic structures that facilitate #@eguisition and expression of resistance
determinants. Other ESBLs identified A baumannii include TEM-92, TEM-116, SHV-12,
CTX-M-2, CTX-M-43, TEM-1 and TEM-2°3! Of the-lactamases, those with carbapenemase
activity are most concerning and include the seoixecillinases (Ambler class D OXA type) and
the metalloB-lactamases (MBLS).

Resistance, has also been ascribed to nonenzymatbanisms, including changes in
outer membrane proteins (OMPs), multidrug effluxnms, and alterations in the affinity or
expression of penicillin-binding proteifd?*3®* The presence of genes coding for
aminoglycoside- modifying enzymes has been noteduhidrug-resistanf\. baumannii strains.
43435 This emerging resistance mechanism impairs amysoglde binding to its target site and
confers high-level resistance to all clinically fudeaminoglycosides. Modifications to DNA

gyrase or topoisomerase IV through mutations ingim& andparC genes have been described
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for A. baumannii.*® These mutations interfere with target site bindin8imilar to

aminoglycosides, many quinolones are also substfatenultidrug efflux pumpé*

DEFINITIONS & TRANSMISSION MULTI-DRUG RESISTANCE

Multidrug resistance is resistance to more than ¢ivthe following five drug classes:
antipseudomonal cephalosporins(ceftazidime or aekep antipseudomonal carbapenems
(imipenem or meropenem), ampicillin-sulbactam, faguinolones (ciprofloxacin or
levofloxacin), and aminoglycosides (gentamicin, rémbycin, or amikacinj®’ Pan-drug
resistance is often defined as resistance to #ithamobials that undergo first-line susceptibility
testing that have therapeutic potential agafnsiaumannii. A. baumannii has the ability to live
on dry environmental surfaces in an ICU for up & days—10 days more than other gram-
negative bacteria. Studies have shown similartegslibyA. baumannii in humid conditions and
on bed railé:*" It is this ability to survive for long periods quled with its ability to demonstrate
a number of antimicrobial resistance genes thae madeA. baumannii a successful hospital

pathoger?’

CLINICAL PICTURE
Hospital-Acquired Pneumonia

In most institutions, the majority @&. baumannii isolates are from the respiratory tracts
of hospitalized patients. Between 5 and 10% of casdCU-acquired pneumonia are dueAo
baumannii.®>® Typically, patients withA. baumannii infections have had prolonged ICU stays,
although in outbreak situations, earlier acquisitid infection may occuf>®
Community-Acquired Pneumonia

Community-acquired pneumonia due Ao baumannii has been described for tropical
regions of Australia and Asfd.The disease most typically occurs during the ragson among
people with a history of alcohol abubet is characterized by a fulminant clinical couyrse
secondary bloodstream infection, and mortality cdté0 to 60%"°
Bloodstream Infection

A. baumannii is a more common cause of ICU-acquired bloodstredetction than of

non-ICU-ward infection (1.6% versus 0.9% of bloodam infections). A.baumannii
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bloodstream infection had the third highest crudetatity rate in the ICU, exceeded only By
aeruginosa andCandida sp. infections:®’
Battlefield Trauma

A. baumannii may occasionally cause skin/soft tissue infectiontside of the military
population. It is a well-known pathogen in burntarand may be difficult to eradicate from such
patients:? A. baumannii is commonly isolated from wounds of combat caseslfiom Iraq and
Afghanistan**“*? It is the most commonly isolated organism (32.5%ases) in combat victims
with open tibial fracture$!
UTlI

A. baumannii is an occasional cause of UTI, being responsibiejfst 1.6% of ICU-
acquired UTlIs. Typically, the organism is assoclateith catheter-associated infection or
colonization®**
Meningitis

Nosocomial, postneurosurgicAl baumannii meningitis is an important entity. Typical
patients have undergone neurosurgery and havetamakventricular draifi’ Mortality may be
as high as 70%, although the cause of mortality aften difficult to discerr{?
Other Manifestations

A small number of case reports Afinetobacter endocarditis exist>*’ Most cases have
involved prosthetic valvesAcinetobacter may cause endophthalmitis or keratitis, sometimes
related to contact lens use or following eye suyrdg&r*®

INFECTION CONTROL PERSPECTIVE

Three factors lead to the persistencé&dbaumannii in the hospital environment, namely
resistance to major antimicrobial drugs, resistanaogesiccation, and resistance to disinfectants.
The overall mean survival time is 27 days, wittaage of 21 to 33 days:* Prolonged survival
of A. baumannii in a clinical setting, i.e., on patients’ bed ralias been found to be associated
with an ongoing outbreak in an ICU and illustratiest dry vectors can be secondary reservoirs
where A. baumannii can survivé:®*" Recommendations for all health care facilitieslide
improvement of hand hygiene, use of contact prémasituntil the patient tests culture-negative
for the target organism, active surveillance ce$ureducation of hospital personnel, improved

environmental cleaning, and better communicatiavuapatients with these infections to not just
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personnel within the facility but also between liies.Lower rates of infection have been
reported when the rooms and equipment were cleaoewletely and more frequently:*>3’
Bleach solutions and other disinfectants shoulduged in rooms and on equipment often and
thoroughly to effectively control transmission Af baumannii. To control the spread oA
baumannii in the hospital, potential reservoirs of the orgamiand the modes of transmission
need to be identified:**>%’
Hospital Outbreaks and Control Measures

Infection control interventions during aA. baumannii outbreak include, molecular
epidemiologic investigations to determine if a @boutbreak strain is present. Environmental
cultures should be used to determine if a commanr@mmental source is present. Enhanced
environmental cleaning should be performed in orttereliminate the organism from the
peripatient environment. Enhanced isolation procesiuaimed at optimizing contact isolation
and improving hand hygiene, should be implementedibiotic management processes should
be used to ensure that “at-risk” antibiotics aré¢ being used excessively. Three classes of
antibiotics which have been implicated in the emeaog of multi-drug resistance are broad-
spectrum cephalosporins, carbapenems, and fluarolpuies.>**°3"Monitoring adherence to

such infection control interventions is also impait>2>3’

LABORATORY DIAGNOSTIC TECHNIQUES

Acinetobacters have the ability to use various sesirof nutrition and grow at 44°C; this
enables them to be cultured on routine laboratoegiat® While these standard laboratory
techniques may identify the genus, species ideatifin is not possiblé.Hence, phenotypic
typing systems based on biochemical profiles (lpioiy), antibiotic susceptibility patterns,
serological reactions (serotyping), phage typimgl protein profiles have now been replaced by
a multitude of molecular typing systems, includimgasmid profiling; ribotyping; PFGE;
randomly amplified polymorphic DNA analysis; repe® extragenic palindromic sequence-
based (REP) PCR; AFLP analysis, a high-resolutiemogiic fingerprinting method; integrase
gene PCR; infrequent-restriction-site PCR; and mecently, MLST and multilocus PCR-ESI-
MS. 24493 Among these Pulsed-field gel electrophoresis (PF&ft) 16s rDNA (ribosomal
DNA) sequencing are two commonly used molecular hodd. PFGE is a type of gel

electrophoresis used to separate large molecul&Nét up to 2000 kb. A second molecular
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method employed is the rDNA sequencifign this method, selective primers for 16s rDNA are
used to isolate and amplify the DNA from bactedalonies. This rDNA is then sequenced and
results compared with thAcinetobacter genotypes on public-domain sequence databases.
Apart from being invaluable in identifying causddacterial infection, these molecular methods
immensely aid a healthcare facility in infectionntml measures by highlighting areas of
weakness and identifying sources of infectibRlasmid analysis is another technique commonly
used for epidemiological typing & baumannii strains, it is also one of the methods used in the

study of epidemiology oficinetobacter species outside th& baumannii group®*>°

THERAPEUTIC STRATEGIES

A. baumannii is one of the “red alert” pathogens that greathediten the utility of our
current antibacterial armamentariufi Given the current therapeutic environment, optingz
the use of existing antimicrobials is critical. @ohieve this goal, a thorough understanding of
the pharmacokinetic and pharmacodynamic paramétatspredict maximal drug efficacy yet
minimize the evolution of drug resistance, as \vasllan evidence-based approach to therapeutic
strategies for highly drug-resistant strains isuresy.
Existing Antimicrobial Agents

Therapy should be based on the results of adeguaietformed antimicrobial
susceptibility testing. Carbapenems have been titooigas the agent of choice for sericAis
baumannii infections. However, the clinical utility of thidass of antimicrobial is increasingly
being jeopardized by the emergence of both enzgnaaid membrane-based mechanisms of
resistancé:>*>’
Sulbactam

Unlike clavulanic acid and tazobactam, it has chily relevant intrinsic antimicrobial
activity againstAcinetobacter andBacteroides spp., mediated by its binding to penicillin-binding
protein 2°%° Despite the absence of randomized clinical trigl$hactam has shown promising
results againsf. baumannii strains with various susceptibility profiles. Theeuwof a sulbactam-
containing regimen for milder infections may be appropriate strategy in limiting excessive
carbapenem us&?>®

Polymyxins
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They target the anionic LPS molecules in the oot membranes of gram-negative
bacteria, leading to interactions between the iraret outer cell membranes, with associated
lipid exchange, membrane disturbance, osmotichilittg and eventual cell deaffi.

Overall, the efficacy of the drug has been highhcairaging in both adult and pediatric
populations, with favorable or curative responsesjing from 57% to 80%%°¢%62 Nebulized
colistin is increasingly being used in an attengpininimize systemic toxicity and improve drug
deposition at the site of infection?**%%? Rates of clinical cure appeared superior with
supplemental nebulized colistin. Nosocomial meriags an increasingly important entity, with
multidrug-resistant gram-negative pathogens beimglicated as an etiology with greater
frequency. To optimize therapy of these infectioingrathecal or intraventricular colistin has
been utilized. Of concern, rates of resistancédégoblymyxins have recently been reported to be
as high as 3.2% for multi drug resistanbaumannii. %

Tigecycline

It is a semisynthetic derivative of minocycline,ialhinhibits the 30S ribosomal subunit,
but its unique feature is its ability to evade thajor determinants of tetracycline resistance, i.e.
the efflux pumps and the determinants that provilslesomal protectiofr>®®*No difference was
observed for all tigecycline combinations, incluglicombinations with amikacin, meropenem,
imipenem ciprofloxacin, levofloxacin, ampicillin-daactam, rifampin, carbapenem, and the next
generation of cephalosporins with activity agaM&SA, ceftobiprole and ceftaroling®®?
Combination Therapy

Combination therapy is an interesting concept whereombination of two or more
agents known to be nonsusceptible is amalgamatetéde an active and effective antimicrobial
combination. This strategy aids in preventing thergence of resistance and facilitate improved
therapeutic efficacy® The combination therapy showing best potentiatith either sulbactam
or polymyxins. Other combinations being evaluatéithw vitro techniques and animal models,
include various combinations of quinolonds)actams, and/or amikacht®®*®” Quinolone
combination therapies have shown varied outcomil,reduced efficacy being described when
ciprofloxacin was used for ciprofloxacin-resisténbaumannii. A lack of enhanced activity was

also observed when levofloxacin was combined witipenem or amikacirf:>®’

FUTURE THERAPEUTIC CONSIDERATIONS
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Newer therapeutic options can be divided into thibse inhibit a currently recognized
mechanism of resistance or those that have a mogehanism of action. Cationic antimicrobial
peptides that are capable of inhibiting both amiyogside phosphotransferases and
acetyltransferases have been descriBethe importance of multidrug efflux pumps i
baumannii is recognized, with tigecycline identified as a swdite of the RND-type pump
AdeABC > Eukaryotic antimicrobial peptides are cationic fidgs which act primarily by
disturbing the cell membranes and share a similarctsire and charge profile with the
polymyxins, but the final steps in pathogen letlydtiave been shown to be differét.

Bacterial conjugation is a novel antimicrobial &gy resulting in antibacterial gene
transfer’* This approach uses attenuafedcoli as a vector for a conjugative plasmid carrying
bactericidal genes that disrupt protein synthe$igpical agents that may be effective for
environmental cleaning @. baumannii, including highly charged copper-based biocitfe3uch
agents have broad-spectrum activity, includingvatgtagainstClostridium difficile spores.

Other innovative therapeutic avenues agafsbaumannii include the use of bacteriophage
treatment, improvement in host response via passiaetive immunization, and modification of
bacterial virulence by inhibition of quorum sensimgher bacterial secretion systems, or LPS

biosynthesis®2"®

CONCLUSIONS

Despite dramatic strides being made in our comm&ba of A.baumannii, many dark
areas remain unexplored. Whole-genome sequencm@éiped uncover significant facts about
this organism’s genetic complexity. The ability Afbaumannii to survive and regulate its
expansive repertoire of drug resistance determsnaninoteworthy. Nosocomiad.baumannii
infections add to the morbidity of admitted patgrand healthcare facilities worldwide are faced
with the challenges of pan-drug resistance. Anaptd knowledge of anti-microbial therapy for
these infections is crucial. New modalities of #pr are definitely indicated and Healthcare
workers and the Scientific community must work thge to enhance our armamentarium
againstA.baumannii.

The above doctors have no conflicts of interest or financial ties to disclose
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