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In vitro Antimicrobial Activity of the Aminoglycoside Arbekacin Tested Against
Oxacillin-Resistant Staphylococcus aureus |solated in Brazilian Hospitals

JulioC.R.Cordeiro, AdrianaO. Res, Eliete A. Miranda,
Helio S. Sader and TheArbekacin Study Group

Soecial Clinical Microbiology Laboratory, Division
of Infectious Diseases, Universidade Federal de S&o

Paulo, SP, Brazl

Arbekacin isan aminoglycosideused in Japan for treating infections caused by gentamicin
and oxacillin-resstant S. aureus(ORSA). Theobj ective of thisstudy wasto deter minethein vitro
antimicrobial activity of arbekacin against 454 clinical isolates of ORSA. Theisolateswere
consecutively collected between January and July, 2000, from patientshospitalized in 8 Brazilian
medical centers. Theantimicrobial susceptibility testingwasperformed by disk diffusion method
accordingto NCCL Srecommendations. Thevast majority of theisolates, 453 strains(99.8%),
wer econsider ed susceptibleto ar bekacin based on thecriteriaproposed by theRequirementsfor
Antibiotic Products of Japan. Only lisolate (0.2%) was classified asresistant. On the other
hand, high ratesof resistancewer edemonstrated for other aminoglycosides, such asgentamicin
(97.6% resistance) and amikacin (97.0% resistance). Resistance rate was also high for
ciprofloxacin (98.0%). All isolateswer e consider ed susceptibleto vancomycin. Theexcellent in
vitroantimicrobial activity of arbekacin demongtrated in thisstudy indicatesthat thisantimicrobial
agent may play an important rolein thetreatment of severe ORSA infections, especially those
that show poor clinical responsewith vancomycin monother apy. Sincetheaminoglycosidesshould
not beused asmonother apy totreat Gram positiveinfections, further studiesevaluatingin vitro
and in vivo synergistic activity of arbekacin combinationsarenecessary to clarify theclinical
roleof thisaminoglycoside.
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Infections due to ORSA strains represent a
serious clinical and epidemiologic problem,
especially among serioudly ill inpatients[1]. Most
strainsof ORSA exhibit high-level resistanceto most
commercially available antimicrobial agents.
Vancomycin has been the main antimicrobial agent
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for treating infections caused by ORSA [1, 2].
However, S aureuswith intermediate resistanceto
glycopeptides has been reported in Japan, USA,
France, and Hong Kong [3,4]. Although thelevel
of resstanceislow, trestment with vancomycinfailed
in most of the reported cases, raising concernsthat
treatment of ORSA infections may become even
more problematic inthefuture[3, 4].

Thevast mgority of S aureusstrainswith reduced
susoeptibilitiesto vancomycin, described until now have
initially been ORSA strainsthat devel oped decreased
susceptibility to vancomycin after prolonged exposure
to this compound [3, 4]. The prolonged use of
vancomycinwill likely lead to additional resistance by
Gram positive organisms. Therefore, the potential for
continuing emergence of S. aureus strains with
intermediate resistanceto vancomycin increasesthe
need for new therapeutic options[5].
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Aminoglycosideshave been used to trest bacterial
infectionsfor alongtime[1]. Thecritical resistance
mechanismsto aminoglycos de antibioticsin bacteria
of clinica importance arethe enzymatic N-acetylation,
O-nucleotidylation and O-phosphorylation, that
generdly resultsintheinactivation of thesecompounds
[6]. The genesfor these aminoglycosi de-modifying
enzymesarelocated mainly onplasmids[7]. Organisms
expressing res stance dueto decreased aminoglycoside
permeability have also been reported, and resistance
dueto altered target (ribosome modifications) israre
among clinical isolates[6]. Studies of theresistance
mechanism and chemical modifications of
aminoglycoside antibiotics led to the synthesis of
arbekacinin 1973, fromthe 1-N-acylation of dibekacin
with (S)-4-amino-2-hydroxybutyricacid [6]. Arbekacin
is an aminoglycoside with broad spectrum of
antimicrobid activity, whichincludesbacteriares stant
to kanamycin, gentamicin and tobramycin [2, 6].
Arbekacinisactiveinvitro againgt both Gram negetive
and Gram positive agrobic bacteria, anditisrefractory
to hydrolysis by most aminoglycoside modifying
enzymes produced by aerobic bacteria[6].

Arbekacinwasintroducedin Jgpaninthelate 1990s
asauseful chemotherapeutic agent for thetreatment of
infections caused by ORSA [8]. Arbekacin acts by
binding to both 50Sand 30Sribosoma sub-units. Thus,
itinhibitsprotein synthesisat becterid ribosomesand causes
codonmigreading [6, 9]. Thehighgtability of arbekacinin
thepresenceof inactivating enzymesproduced by ORSA,
such as 2”-aminoglycos de-phosphotransferase, 4”-
aminoglycosde-adanylyitranderaseand 3’ -aminoglycod de-
phosphotransferase causesgentamicin-res stant ORSA
drainsto besusoeptibletothisantimicrobid agent [6, 10].

Theobjectiveof thisstudy isto determinetheinvitro
antimicrobid activity profileof arbekacinagaing dlinicd
ORSA isolatescollectedin Brazilian medical centers.

Materialsand M ethods
Bacterial samples

Four hundredfifty four clinical ORSA isolateswere
includedin the study. Theisol ateswere consecutively

collected between January to July, 2000, in 8 Brazilian
medical centers. Thefollowing centerswereincluded
inthe study: Laboratorio Especia de Microbiologia
Clinica- Hospita S8o Paulo (LEMC), Séo Paulo (126
strains); Laboratdrio de Investigacdes Médicas da
Universidade de S&o Paulo (LIM-54), S&o Paulo (60
strains); Hospital deBasedeBrasilia(HBB), Digtrito
Federal (85 strains); Hospital de Clinicas de Porto
Alegre (HCPA), Rio Grande do Sul (50 strains);
Laboratério Médico Santa Luzia (LMSL),
Floriandpalis, SantaCatarina (45 strains); Messgjana
Hospital (MH), Fortaleza, Ceara (34 strains); Real
Hospital BeneficiénciaPortuguésa (RHBP), Recife,
Pernambuco (30 strains); and Hospital Universitario
da Universidade Federal do Rio de Janeiro (HU-
UFRJ), RiodeJaneiro (24 strains). Two other medica
centers (Emilio Ribas Hospital, Sdo Paulo, and
L aboratério Médico Jorge Saliba, Belo Horizonte,
MinasGerais) participated in the study; however, their
resultswere excluded from the analyses because the
strains were not saved for re-testing and/or
confirmation of theinitia results.

Antimicrobial susceptibility tests

Thesampleswereevauated using thedisk diffuson
method according to standards of the National
Committee for Clinical Laboratory Standards
(NCCLS) [11]. Thesusceptibility testswere performed
by each participanting center. Theantimicrobia agents
evaluated were asfollows: arbekacin (30 mg disk),
vancomycin (30 mg disk), oxacillin (1 mg disk),
amikacin (30 mg disk), ciprofloxacin (5 mgdisk), and
gentamicin (10 mg disk). All isolateswith reduced
susceptibility to arbekacin (inhibition zone<20 mm)
and/or vancomycin were sent to the coordinator center
for retest. Theisolateswere categorized assusceptible,
intermediate, and res stant according to the standards
established by the NCCLS [11]. The interpretation
criteria used for arbekacin were based on the
Requirementsfor Antibiotic Productsof Japan, that is
citedinitspackageinsert[12]. Thisdocument classifies
theisolatesasfollows susceptiblewheninhibition zone
diameter is =221 mm, moderately susceptible when

www.infecto.org.br/bjid.htm



132 Activity of the New Aminoglycoside Arbekacin BJID 2001; 5 (June)

Figure 1. Distribution of arbekacin zonediametersfor 454 oxacillin-resistant Saphylococcusaureus (ORSA)
isolates
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Table 1. Antimicrobial susceptibility pattern of ORSA strainsfrom Brazilian hospitals

Antimicrobial agents % Resistant % Intermediate % Susceptible
Arbekacin 0.2 0.0 99.8
Gentamidain 97.6 13 11
Amikadn 97.0 04 2.6
Ciprofloxacin 98.0 0.2 1.8
Oxadllin 100.0 0.0 0.0
Vancomyain 0.0 0.0 100.0

Figure2. ORSA isolate showing invitro susceptibility only to arbekacin and vancomycin

gentamicin
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Table2. Antimicrobia susceptibility pattern of ORSA strainsaccording to the partici pating centers

Center (n) % Susceptible Strains
Arbekacin Gentamicin Ciprofloxacin Vancomycin

LEMC (126) 99.2 24 2.4 100.0
LIM-54 (60) 100.0 0.0 0.0 100.0
HBB (85) 100.0 0.0 0.0 100.0
HCPA (50) 100.0 2.0 2.0 100.0
LMSL (45) 100.0 0.0 0.0 100.0
MH (34) 100.0 0.0 88 100.0
RHBP (30) 100.0 0.0 0.0 100.0
HU-UFRJ(24) 100.0 4.2 4.2 100.0
Total (454) 99.8 11 18 100.0

LEMC: Laboratério Especial de Microbiologia Clinica — Hospital S8 Paulo; LIM-54: Laboratério de
Investigagdes M édicas da Universidade de S&o Paulo; HBB: Hospital de Base de Brasilia; HCPA: Hospital de
Clinicas de Porto Alegre; LMSL: Laboratério Médico Santa Luzia; MH: Messejana Hospital; RHBP: Redl
Hospital Beneficiéncia Portuguesa; HU-UFRJ: Hospital Universitério da Universidade Federal do Rio de

Janeiro.

inhibition zonediameter is 16 mm-20 mm, moderately
ressant wheninhibitionzonediameter is10mm-15mm,
and totally resistant when zone diameter is<9mm. S
aureusATCC 25923 wastested ong with each series
of susceptibility testsasquality control [13].

Results

Theantimicrobia susceptibility patternsof theisolates
for arbekacinand 5 other antimicrobid agentsareshown
inTable 1. Based on the Requirementsfor Antibiotic
Products of Japan [12] only 1 isolate (0.2%) was
conddered resi stant to arbekacin. Twenty-sevenisolates
(6.0%) had arbekacininhibition zones between 18 mm
and 20 mm of diameter (Figure 1). Theseisolatesare
considered moderately susceptiblebased onthecriteria
used in Japan. However, theanaysisof thedistribution
of inhibitiondiameter zones(Figure 1) indicatesthet these
isolatesareindudedinthenorma population. Thus these
strainswere cons dered susceptibleto arbekacin. Also,
the collection showed very highrates of resistanceto
other antimicrobia agentsevauated: 97.6% gentamicin
resistance, 97.0% amikacin resistance, and 98.0%

ciprofloxacin resistance. One of these ORSA isolates
showing susceptibility only toarbekacinand vancomycin
isshowninFigure2.

Theonly arbekacin-resistant strain detected inthe
study was isolated in a patient hospitalized at the
Hospita S0 Paulo. Themoderatdly susceptiblestrains
were isolated in the Laboratério Especial de
MicrobiologiaClinica (10 isolates), Laboratorio de
I nvestigagBes M édicas daUniversidade de Séo Paulo
(11lisolates); Hospital de Clinicasde PortoAlegre (3
isolates); Real Hospital BeneficiénciaPortuguésa (2
isolates), Hospitd Université&iodaUniversdede Federd
do RiodeJaneiro (1isolate). Three participant centers
did not detect any isolate moderately susceptibleto
arbekacin: Hospital de BasedeBrasilia, Laboratério
Médico Santal_uzia, and MessgjanaHospitdl.

Discussion

Saphylococcus aureus, especially oxacillin-
resstant S aureus(ORSA) hasbecomeamajor cause
of nosocomid infections[14]. InBrazil, thevas mgority
of ORSA isolates show cross-resistance to other
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antimicrobial agents, including other (-lactams,
macrolides, clindamycin, ciprofloxacin, trimethoprinm/
sulfamethozaxole, and aminoglycosides, leaving very
few therapeutic optionsto treat infections caused by
thismicroorganism[15]. Thehigh prevalenceof cross-
resistanceto other antimicrobial agentsisrelated to
the dissemination of transposons with insertion
sequencesin the 50-kb mec region gene[16,17]. For
example, the transposon Tn554 contains the ermA
gene, which encodesinducibleerythromycinres sance,
and the1$431, aninsertion sequence associated with
resistance determinantsisextremely common. The
ability of 15431 elements through homologous
recombination to trap and cluster resistance
determinantswith ssimilar IS elements explainsthe
multipledrug res stance phenotypethat ischaracteristic
of ORSA strains[16, 17].

Thishighleve of resstanceamong ORSA drainsis
of great concern [3, 4]. Therefore, thereisan urgent
need for dternativethergpeutic optionsfor thetreatment
of infections caused by this microorganism [4].
Arbekacin, an aminoglycoside synthesized in Japan,
hasbeen evaluated in several comparative studiesto
defineitsclinica efficacy anditssynergistic effect with
other antimicrobial agents, such asvancomycin and
ampicillin-sulbactam[2,8,18-20]. Arbekacin-res stant
mutants can be selected at afrequency of 10*to 10°
among gentamicin-resi stant ORSA drainsby exposure
to subinhibitory concentrationsof arbekacin[21, 22].
The arbekacin-resistant mutants may express a
bifunctional enzyme, AAC(6')/APH(2"), thatisable
tomodify arbekacin[21, 22]. However, further studies
are necessary to eval uate the resi stance mechanism
present in the strain detected in the present study.

Sincearkekaciniscommercialy availableinvery
few countries, itsbreakpointsfor disk diffusion have
not beenwidely evaluated. Theanalysisof population
distribution according to arbekacininhibition diameter
zonedearly showsthat isolatesclassfied as” moderately
susceptible” (inhibition zonesof 16 mmto 20 mm) by
the Requirementsfor Antibiotic Productsof Japan are
withinthenormal population and should beconsidered
susceptible (Figure 1). Further studiesevaluating the
arbekacin minimuminhibitory concentration (MIC) of

these strainsarenecessary to clarify theinvitro activity
of arbekacin against these strains. On the other hand,
theisolatewith aninhibition zoneof 6 mmisclearly out
of thenormal population and hasprobably acquired a
mechanism of resistanceto thisnew aminoglycoside.

Theexcellent invitro activity showedinthisfirst
Brazilian benchmark study, coupled with the
therapeuti c efficacy demondrated intreating infections
caused by ORSA and GISA isolates in Japan,
indicates that arbekacin may be a reasonable
alternative for the treatment of ORSA and GISA
infectionsin associ ation with other anti-staphylococcal
drugs [4, 18]. Further studies evaluating its
antimicrobia potency and synergistic effect with other
compoundswill contributeto clarify theclinical role
of thisantimicrobial agent.
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