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Antimicrobial Activity of Linezolid Against Gram-Positive Cocci |solated in Brazil
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Thenew oxazolidinonelinezolid and other antimicrobial agentsused totreat Gram-positive
infectionswer etested against 1,585 Gram-positive cocci; 1,260 staphylococci and enter ococci
isolates from patients hospitalized in Brazilian hospitals, and 325 S. pneumoniae isolates for
patientswith community acquir ed infections. Susceptibility testingwas performed using broth
micr odilution accor dingto NCCL Sprocedur es. Linezolid wasthemost activecompound and the
only drugthat inhibited 100% of theisolatesat thesusceptiblebreakpoint (<4 mg/mL ). Resstance
to vancomycin wasvery rare (99.9% susceptibility), and both quinupristin/dalfopristin and
gatifloxacin wer eactiveagaingt approximately 90% of thestrainsevaluated. All other compounds
inhibited lessthan 65% of theisolates. Theexcdllent in vitro Gram-positiveactivity by linezolid,
inthisstudy, indicatethat thiscompound may represent an impor tant ther apeutic option for the
treatment of infections caused by these pathogensin Brazil.
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Gram-positive organismshave devel oped abroad
rangeof mechanismsto evade antimicrobid agents. Of
particular concern has been the emergence of
glycopeptide-res stant enterococci and glycopeptide-
intermediate Saphyl ococcus aureus[1-3]. Oxacillin
resistanceamong S aureus, and penicillinresistance
among Sreptococcus pneumoniaeand viridansgroup
streptococci, also represent important therapeutic
problemsin some patients[4-6]. In addition, coagul ase-
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negative staphylococci (CoNS) hasrecently become
animportant cause of nosocomial infections, andthis
pathogen has presented high rates of resistance to
oxacillinand glycopeptides|[7].

As aresult, new antimicrobial agents are being
developed, and older compounds re-evaluated, as
potentia aternativesfor themanagement of infections
duetomultiply ressant Gram-positivemicroorganisms.
Everninomicins [8], streptogramins [9, 10];
glycopeptide derivatives [11]; carbapenems [12];
daptomycin[13], and the oxazolidinones[14] areall
invarious stages of devel opment for thetreatment of
Gram-pogtiveinfections.

Linezolidisamember of the oxazolidinoneclassof
syntheticantibacteriad agentsthat inhibit bacterid protein
synthes sthrough aunique mechanism. In contrast to
other inhibitorsof protein synthes's, the oxazolidinones
act early inthetrandation by preventing theformation
of afunctiond initiation complex [15]. Consequently,
linezolidisnot expected to show cross-resistancewith
existingantimicrobia agents. Linezolid hasremarkably
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consistent inhibitory activity against staphylococci,
enterococci, and pneumococci, with MICsof 1-4 ng/
mL [16]. It also has moderate activity against
Bacteroides spp. and Moraxella catarrhalis(MIC 8
ng/mL ), but other Gram-negativebacteriaareres stant
asaresult of endogenousefflux mechanisms[17].
Theobjective of thisstudy wasto evaluatethein
vitro activity of linezolid against Gram-positive cocci
isolated in Brazil inthe 3-year period previousto the
commercidization of thedruginthiscountry.

Materialsand Methods

Theisolateswere collected and tested as part of the
ongoing SENTRY Antimicrobid Ressance Survelllance
Program[5]. A totd of 1,260 Gram-positivecocci were
collected from nosocomid infectionsduring the period
of January, 1997, to December, 1999, in 4 Brazilian
medica centers. Inaddition, 325 S pneumoniaeisolates
from community acquired respiratory infectionswere
collected and tested in the same period of time and
includedinthestudy. The participating centersincluded
the L aboratdrio Epecid deMicrobiologiaClinica/ Séo
Paulo Hospital (LEMC — coordinator center for
SENTRY Latin America), Sdo Paulo; Laboratério
Médico Santal_uzia, Horiandpalis; LaboratérioLamina,
Rio de Janeiro (1997 and 1998 only); and Hospital de
ClinicasdePorto Alegre, Porto Alegre (1999 only).

Theisolateswere consecutively collected according
tothe site of infection including bloodstream, lungs,
wound and soft tissue, and urinary tract infectionsin
hospitalized patients; and community acquired
respiratory tract infection. Only isolatesjudged to be
the causeof infection by local phys cianswereincluded
inthisstudy. Theisolatesrecovered in the participant
clinical microbiology laboratorieswere shippedtothe
University of lowaCollege of Medicine (lowaCity,
lowa, USA), themonitoring laboratory.

Antimicrobia susceptibility testing was performed
at thecoordinating laboratory using broth microdilution
methods as described by the National Committeefor
Clinical Laboratory Standards[18]. Antimicrobial
agentswere obtained from respective manufacturers
as laboratory grade powder and included the

oxazolidinonelinezolid; the streptogramin quinupristin-
dalfopristin; the glycopeptides vancomycin and
teicoplanin; theb-lactams penicillin, ampicillin, and
oxacillin; the fluoroquinolones ciprofloxacin and
gatifloxacin; the macrolide erythromycin; the
aminoglycos degentamicin; and other compoundssuch
asdindamycinand trimethoprim-sulfamethoxazole The
enterococci were tested against gentamicin only to
detect highlevel resistance (MIC >500 ng/mL). The
susceptibility breakpoint used for linezolid was<4 ngy/
mL [14]. Breskpointsfor dl other compoundsfollowed
theNCCL Sstandards[18]. Quality control measures
were utilized by testing StaphylococcusaureusATCC
29213 and Enterococcus faecalis ATCC 29212.

Results

The Gram-paositive microorganism most frequently
isolated during the period of the study was S. aureus
(852 strains, 53.8%), followed by Streptococcus
pneumoniae (325 strains, 20.5%) coagul ase-negative
staphylococci (CoNS, 261 strains, 16.5%) and
Enterococcus spp. (147 strains, 9.3%). All other
Gram-positivespecieswereisolated only occasiondly
andwerenotincludedintheanalyss. Thevast mgority
of S. pneumoniae isolates were collected from
community acquired respiratory infections, while
staphylococci and enterococci were collected from
hospitdized patients.

Linezolid wasthe only compound active against
100% of the strainstested. Oneisolate (Enterococcus
spp.) was resistant to vancomycin (99.9%
susceptibility), and 32 isolates (2.0%) were cons dered
non-susceptibleto teicoplanin (Tables1and 2). The
majority of isolateswith non-susceptibleteicoplanin
MICswere CoNS(Table1). Quinupristin/dafopristin
wasvery activeagangt stgphylococc and pneumococc
(>99% susceptibility), but thiscompound showed poor
activity againg Enterococcusspp. (3.4% susceptibility)
duetointrinsic resistanceamong E. faecalis.

Thirty-four percent of S aureus isolates were
resistant to oxacillin, and thevast mgority of oxacillin-
resistant S. aureus (ORSA) isolates showed cross-
res stanceto clindamycin, ciprofloxacin, trimethoprin/
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sulfamethoxazole, and gentamicin. Therateof oxacillin
res stancewasmuch higher among CoNS (>80%), and
only linezolid and vancomycinwereactiveagains more
than 90% of the strainseval uated.

Penicillin was active against 76.3% of S.
pneumoniae isolates at the susceptible breakpoint
(MIC <0.06 mg/mL). Themajority of penicillin non-
susceptible strainsshowed low level resistance (MIC
0.12-1 ng/mL) and only 3.4% of isolatesshowed high
level resistance (MIC >2 ng/mL). Trimethoprim-
sulfamethoxazole showed poor activity against
pneumococci (MIC,,, 4 mg/mL ) and inhibited only
50.8% of isolates at the susceptible breakpoint.

Discussion

Theemergence of antimicrobial resistanceamong
Gram-positive species has been rapid and alarming
[19]. The staphylococci have alwaysdemonstrated a
remarkabl e ability to develop resistance to each new
molecular entity of antimicrobials, and to spread
effectively among patients, inditutions, and communities
[20]. Resistanceto penicillinase-resistant penicillins
(PRPs, oxacillinor methicillin) hasbecomewidespread
in S aureusand CoNS at many medical centersand
inmost nations[ 19, 21]. Staphylococci that areresstant
to PRPsarefrequently resistant to other antimicrobias
including the cepha osporins, tetracyclines, macrolides,
lincosamides, aminoglycosides, and sulfonamides.
Althoughinitidly very susceptibleto fluoroquinolones,
oxacillin-resistant staphylococci (ORS) strainshave
demonstrated arapid development of resistance to
these agents, particularly whenthey have beenused as
monotherapy [22].

The glycopeptides, vancomycin or teicoplanin,
remainthepreferred therapy for seriousinfectionswith
ORS. At the present time, high-level resistancehasnot
beenreportedinaclinica isolateof S aureus, dthough
thisvancomycin-res stance genome of Enterococcus
has been passed into astrain of ORSA [23]. S aureus
strainswith reduced susceptibility to teicoplanin have
been reported regularly from Europeandthe USA [19].
Resigancetote coplaninisusudly encountered among
S haemolyticusand S. epidermidis[7]. Vancomycin

resistanceisuncommon, but low level resistance has
been recently described inisolatesof S aureusinthe
USA and Japan [1].

Vancomycin-resistant enterococci (V RE) beganto
berecognizedinthelate 1980s, and has been reported
worldwide[2, 19]. Increasing prevaenceof VRE have
been documented among patient popul ationsat risk,
institutions, and geographic areas and very few
therapeutic optionsremain for trestment of multiply-
resistant enterococci [2, 21]. Glycopeptideresistance
ratesare still very low among enterococci in Brazil,
and vancomycin wasactive against thevast maority
of Gram-positive cocci evaluated in the present study
(Table 2). However, several hospitals have aready
reported cases of VRE infections, and bothintra- and
inter-hospital dissemination of this pathogen hasbeen
documented in Sao Paulo[3, 10, 24]. In addition, the
vast majority of VRE reported in Sao Paulo arealso
resistant toteicoplanin [10].

Other antimicrobial agentsthat could be used as
empiric therapy for Gram-positive infections were
evauated. Thenewer quinolone, gatifloxacin, showed
asimilar general spectrum to that of quinupristin/
dalfopristin (Table 2). However, ORS shows some
res sancetothiscompound, and thegatifloxacinclinica
efficacy against infections caused by ciprofloxacin-
resistant staphylococci ill must beevaluatedinlarge
clinicd trids.

Ancther important thergpeutic concern hasbeenthe
increasing rates of b-lactam resistance among S
pneumoniae and other streptococci. Penicillin
resistanceremainsrelatively low in Brazil. However,
somerecent studieshave shown animportant increase
inprevaenceof penicllin-ressant grains whichusudly
show cross-resistance with other compounds, except
the newer quinolones|[6, 25].

Asaresult of theincreaseinantimicrobial resstance
among Gram-positive bacteria, new compounds have
been developed. Linezolidisoneof themaost promising
drugs[17]. Inthe present study, linezolid wasthe only
compound that showed invitro activity against 100%
of thetested organismsat the susceptibl e breakpoint
(Tables1and 2). Theother new compound eval uated,
quinupristin/dalfopristin, had poor activity against E.
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Tablel. Antimicrobial activity and spectrum of linezolid and other antimicrobial agents used to treat Gram-positiveinfectionsaccording to the
Species

Antimicrobial agents Pathogen (no. tested)

S. aureus (852) CoNS(261) Enterococcus spp. (147) S. pneumoniae (325)

MIC /MIC, % Susc. MIC/MIC,, % Susc. MIC, /MIC, % Susc. MIC,/MIC, % Susc.
Linezdlid 2/4 100.0 12 100.0 2/2 100.0 1 100.0
Quinuprigin/dafoprigtin 0.25/0.5 99.8 0.25/1 98.9 8/>8 34 0.5/0.5 100.0
Peniallin 16/>32 9.2 16/>32 8.1 2/16 89.1 0.03/0.25 76.3
Ampidllin 16/>16 99 16/>16 12.6 14 98.0 NT NT
Oxadllin 0.5/>8 66.0 >8/>8 199 >8/>8 NA NT NT
Erythromycin 1/>8 45.3 >8/>8 39.1 >8>8 6.1 0.25/1 88.0
Clindamyadin 0.25/>8 66.5 >8/>8 46.4 >8/>8 NA <0.06/0.25 95.7
Ciprofloxacin 0.5/>2 65.6 2/>2 49.8 2/>2 49.0 1/2 NA
Gatifloxacin 0.12/4 89.3 0.5/2 92.7 0.5/>4 735 0.25/0.5 100.0
Trimethoprim/ <0.5/>2 68.0 2/>2 40.2 <0.5/2 76.9 0.5/4 50.8
sulfamethoxazole

Tetracycline <4/>8 62.3 <4/>8 75.1 >8/>8 35.4 <2/>16 65.2
Gentamicin 1/>16 64.8 16/>16 414 <500/>1000 72.8 NT NT
Teicoplanin 12 99.8 2/16 88.9 0.25/0.5 99.3 NT NT
Vancomydin 1 100.0 12 100.0 12 99.3 0.25/0.5 100.0

Abbreviations: NA: There are no breakpoints defined by NCCLS| ]; NT: Not tested.
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Table2. Antimicrobid activity and spectrum of linezolid and other antimicrobia agentsagaingt dl Gram-positive

cocci evauated

Antimicrobial agents

Gram-positive cocci (1585)

MIC,, (my/mL) MIC, (my/mL) % Susceptible
Linezdlid 4 100.0
Quinuprigtin/ ddfoprigtin 0.5 1 90.7
Gatifloxacin 0.25 2 90.6
Penidllin 8 >32 30.1
Ampidllin 8 >16 321
Erythromycin 05 16 49.4
Tetracycline 4 16 62.4
Trimethoprim/ sulfamethoxazole 0.5 4 60.7
Vancomycin 1 2 99.9

faecalis, which is the most frequently isolated
Enterococcus peciesin Brazilian hospitals. Inaddition,
resistance to quinupristin/dalfopristin has been
demonstrated among E. faeciumisolated in Brazilian
hospitals[3, 10].

In addition to the excellent in vitro Gram-
positive activity reported in thisstudy and in several
other investigations, intravenous and oral linezolid
hasproduced highratesof clinical successinclinical
trialsinvolving hospitalized patientswith skin or soft
tissueand pneumonia[26]. Preliminary clinical data
also indicate that twice daily intravenous or oral
linezolid 600 mg is as effective as intravenous
vancomycin in the treatment of patients with
hospital-acquired pneumonia and in those with
infections caused by ORS. Linezolid dosing at 600
mg twice daily produced >85% clinical/
microbiological cure in VRE infections [26].
Nevertheless, more dataare needed on efficacy in
immunosuppressed patients and for other
conditions, notably endocarditis, where bactericidal
activity may be necessary.

Theresultsof our study, coupled with theresultson
clinicd efficacy demongratedin other studies[17, 26],
indicate that linezolid may represent an excellent

therapeutic option to treat infections due to Gram-
positivecocci in Brazil; in particul ar those caused by
multires sant srains.
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