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ABSTRACT

Introduction:methicillin- and also vancomycin (glycopeptide)-resistantGram-positive organisms have
emergedasanincreasinglyproblematiccauseofhospital-acquiredinfections,alsospreadingintothecom-
munity.Vancomycin(glycopeptide)resistancehasemergedprimarilyamongEnterococci,buttheMICval-
uesofvancomycinfortheentireStaphylococcusspeciesarealsoincreasingworldwide.Material and Meth-

ods:theaimofourreviewistoevaluatetheeficacyandtolerabilityofnewerantibioticswithactivityagainst
methicillin-resistantandglycopeptide-resistantGram-positivecocci,onthegroundofourexperienceata
tertiarycaremetropolitanHospital,andthemostrecentliteratureevidencesinthisield.Results:Quinupris-
tin-dalfopristin,linezolid,daptomycin,andtigecyclineshowanexcellentinvitroactivity,comparabletothe
activityofvancomycinandteicoplaninformethicillin-resistantstaphylococci,andsuperiortotheonethat
vancomycinforvancomycin-resistantisolates.Dalbavancin,televancin,andoritavancinarenewlipoglyco-
peptideagentswithexcellentactivityagainstGram-positivecocci,andhavesuperiorpharmacodynamics
propertiescomparedtovancomycin.Wereviewthebacterialspectrum,clinicalindicationsandpractical
use,pharmacologicproperties,andexpectedadverseeventsandcontraindicationsassociatedwitheachof
thesenovelantimicrobialagents,comparedwiththepresentstandardofcare.Discussion:linezolidactivity
issubstantiallycomparabletothatofvancomycininpatientswithmethicillin-resistantStaphylococcus aureus 

(MRSA)pneumonia,althoughitspenetrationintotherespiratorytractisexceptionallyelevated.Tigecy-
clinehasactivityagainstbothEnterococusspeciesandMRSA;itisalsoactiveagainstabroadspectrumof
Enterobacteriaceaeandanaerobes,whichallowsforuseintraabdominal,diabeticfootandsurgicalinfections.
DaptomycinhasarapidbactericidalactivityforStaphylococcus aureusanditisapprovedinseverecomplica-
tions,suchasbacteremiaandright-sidedendocarditis.Itcannotbeusedtotreatpneumoniaandrespiratory
diseases,duetoitsinactivationinthepresenceofpulmonarysurfactant.

Keywords:resistantgram-positivecocci,staphylococci,enterococci,pneumococci,streptococci,epi-
demiology,clinicalissues,novelantimicrobialcompounds,characteristics,literatureevidences.
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Novel pharmaceutical molecules against emerging  
resistant gram-positive cocci

INFECTIONS CAUSED BY GRAM-POSI-

TIVE COCCI. AN OUTLINE OF THEIR 

ANTIBIOTIC RESISTANCE PROFILE

Gram-positive cocci have re-emerged as pre-
dominant pathogens of human hosts within
thepast10-15years.Aftertheintroductionof
penicillinover60yearsago,infectionsbySta-

phylococcus aureus,Streptococcus pyogenes,and
Streptococcus pneumoniaeinallybecametreat-
able.Withinashortperiodoftime,however,S. 

aureusdevelopedresistance topenicillin.Asa
consequence,penicillinase-resistantpenicillins
were successfully introducedwith in theearly
1960’s.Concomitantly, resistance emerged for
the penicillinase-resistant penicillins, and i-
nallymethicillin(oxacillin)-resistantS. aureus 

(MRSA) became a major hospital-acquired
pathogen.Vancomycin(belongingtotheclass
of glycopeptides) remained an active agent
againstMRSAandcoagulase-negativeStaphy-
lococci, so that it was increasingly used dur-
ingthesubsequentyears,untilnow.Fromthe
1990’s to thepresent,however, theemergence
of resistance to vancomycin also occurred in
a signiicant proportion.1-3 First among these
organismswereEnterococcus faecium andEn-

terococcus faecalis.4 Subsequently, vancomycin
(glycopeptide)-resistant enterococci (VRE)
became a major hospital-acquired patho-
gen.Inthepastseveralyears,MRSAwerealso
spreading clonally into the community (the
so-called “CA-MRSA”), leading to increased
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useofvancomycin-teicoplanintherapy.5 In the late1990’s,
glycopeptideresistancewasreportedforcoagulase-negative
Staphylococci6andthen,S. aureus(theso-calledvancomy-
cin-intermediateS. aureus,orVISA,andtheso-calledglyco-
peptide-intermediateS. aureus,orGISA).Theirstreported
isolationofVISAoccurredinJapanin19977andmorethan
onehundredVISAisolateshavebeenreportedinthesubse-
quentyears.8Intheyear2002,threevancomycin-resistantS. 

aureus (VRSA) strains isolated from clinical specimens of
Americanpatientswerefoundtohavehighlevelresistance
tovancomycin(MIC>32ug/mL).9Althoughanumberof
casesofVRSAhavesincebeendescribed,10theseisolatesfor-
tunatelyhavenotyetbecomewidespread.
There-emergenceofGram-positivecoccihasbeenwell

establishedinthesettingofhospital-acquiredinfections,but
community-acquiredinfectionsduetoMRSAhavebecome
increasingly problematic during the last years.11-13 Foreign
bodyinfectionsandbacteremiacausedbycoagulase-nega-
tiveStaphylococcihavealsoincreasedduringtime.14Asare-
sult,vancomycin-teicoplaninusagehasincreasedinbothin-
patientsandoutpatients.AlthoughthemajorityofS. aureus 

strainsremainsusceptiblein vitrotovancomycin,itseficacy
againstmethicillin-sensitiveS. aureus(MSSA)isinferiorto
that of penicillinase-resistant penicillins and beta-lactam
derivativesasawhole.15,16

Actually,MRSAisbornasamulti-drugresistantpatho-
gen.Resistancetothemacrolides, lincosamides,aminogly-
cosides,andallbeta-lactamagentsasagroup,aswellasluo-
roquinolones,isalsoseenwhenMRSAisofclinicalconcern.
Rifampinshouldnotbeusedasasingleagentduetorapid
emergence of resistance in these microorganisms, while
doxycycline and trimethoprim-sulfamethoxazole (cotri-
moxazole)arebacteriostaticratherthanbactericidalintheir
mechanismsofaction.17

S. aureusiswellknowntobeavirulentandinvasivepath-
ogen.Itproducesavarietyofpyrogenictoxinsandsuperan-
tigenswhichcontributetoitsoverallvirulence.18Thepres-
enceofthePanton-Valentineleukocidinmaypredisposeto
invasiveskinandsofttissueinfections,andalsonecrotizing
pneumoniasandothernecrotizinginfectiouslocalizations.
MRSA infection oftenhas its origin from a localized skin
infection, with subsequent contiguous or hematogenous
spread to lungs, heart (endocarditis), central nervous sys-
tem(CNS),andsometimesbonesandjointsandotheror-
gansandsites.19Theprolongeddurationoftreatmentwith
vancomycinorteicoplaninforsevereinfections,likeendo-
carditis andosteomyelitis,may lead tomore frequent and
severe adverse effects (especiallynephropathy, serumelec-
trolyte imbalance, and myelotoxicity). While VISA/GISA
andVRSAinfectionshaveonlyrarelybeenreported,clinical
hetero-resistantpopulationsofVISA(withstrainsshowing
MICvalues>4-16mcg/mL)havebeen isolated following
prolongedadministrationofglycopeptides.Moreover,phar-

macodynamicsofvancomycinmayhave ledtounappreci-
ated under dosing of vancomycin, therefore predisposing
tomicrobialresistance.20Coagulase-negativeStaphylococci
have thecapability toproduceaglycocalyxenabling them
to attach to prosthetic materials.21 Bioilm formation on
thesurfacesofmedicaldevices(i.e.prostheticdevices,cen-
tral vascular catheters), provides a protected environment
for coagulase-negative Staphylococci; this bioilm forma-
tionimpedesantibioticpenetrationandreducestargetsite
formation.21,22Asexpected,catheter-relatedbloodstreamin-
fections,CNSventricularshuntinfections,prosthetic joint
infections,andprostheticvalveendocarditisarecommonly
causedbycoagulase-negativeStaphylococci.23

Thelargemajorityofthesemicroorganismsusuallyareor
becomeresistanttomethicillin.Intermediateresistancetovan-
comycinwasirstreportedamongcoagulase-negativeStaphy-
lococciseveralyearsbeforeitoccurredamongS. aureusstrains.
UnlikeS. aureus,infectionsbycoagulase-negativeStaphylococci
onprosthetichardwaretendtobeinsidiousandmorechronic.
Therapyoftenrequiresacombinedmedical-surgicalapproach
with removalof the infecteddevice andprolongedduration
(usuallyexceedingfourweeks)ofantibiotictherapythereafter.
Vancomycin-resistantEnterococci(VRE)areprimarilyas-

sociated with healthcare institutional acquisition in patients
withco-morbidconditions.Sincetheirpeakincidencearound
the year 2000, several new antibiotics with excellent activity
againstVREhavebeenintroducedintoclinicalpracticeinthe
meantime.
On the other hand, S. pneumoniae is themost frequent

causeofcommunityacquiredpneumonia(CAP).Itaccounts
foratleastonethirdofpatientswithCAP.Thecrudeincidence
ofthiscommonpathogenrisestogreaterthan50%,ifrespira-
toryculturewithGramstainsandurinaryantigenforS .pneu-

moniae are systematically performed. Associated bacteremia
occurs in 20% of pneumococcal pneumonias andmortality
isnotablyhigherthanforotherrespiratorypathogen.In vitro 

resistanceofS. pneumoniae topenicillinascurrentlydeined
byClinicalLaboratoryStandardsInstitute(CLSI)criteria,does
notnecessarilycorrelatewithclinicalfailure.Speciically,peni-
cillinshavebeenfavourablyeficaciousforpneumoniacaused
bypenicillin-resistantpneumococci.24,25Theseresistantisolates
areoftenalsoresistanttomacrolides,andin vitroresistanceto
macrolidedoesappeartocorrelatewithclinicaloutcome.26,27

Inadultpatients,S. pneumoniae alsorepresents themost
commoncauseofmeningitis.Empirictherapyformeningitis
withceftriaxoneandvancomycinpendingantibioticsuscepti-
bilitytestingisoftenemployed.Datafromalargescaleobserva-
tionalstudyofpneumococcalmeningitissuggeststhatcombi-
nationtherapymaybesuperiortomonotherapy.28

GroupsAStreptococci(whoseleadingorganismisStrepto-

coccus pyogenes),aswellasotherbeta-hemolyticStreptococci,
areoftenassociatedwithlife-threateninginfections,especially
involvingtheskinandsofttissues.GroupB,C,F,andGbeta-

Manfredi,Sabbatani



98

ResistantGram-positivecocciandnovelantibacterialagents

hemolytic Streptococci can also cause invasive infection and
becteremia. Streptococcus agalactiae (belonging to group B
Streptococci),isacommoncauseofneonatalsepsis.Fortunate-
ly,susceptibilitytopenicillinremainsstableforthemajorityof
theabove-mentionedStreptococci.

EPIDEMIOLOGICAL EXPERIENCE AT A MAJOR 

TERTIARY CARE HOSPITAL IN NORTHERN ITALY

Aprospective,microbiologicalsurveillancestudyisongoing
foradecadeatouracademicHospital(S.Orsola-Malpighi
Hospital,Bologna, Italy), in order to check the epidemio-
logical-clinicalevolutionofbacterialandfungal infections
occurring among inpatients. All microorganisms isolated
and identiied from sterile sites (i.e. blood cultures, pro-
tected bronchoalveolar lavage, urine culture, and so on),
aresystematicallytestedforin vitrosusceptibilityagainsta
consistentpanelofantimicrobialcompounds,anddataare
reportedquarterly(A.NanettiandS.Ambretti,unpublished
data).Eachbacterial isolate cultured froma singlepatient
withinonemonthiscountedonlyonce.

Somedataregardingin vitrosensitivityratesofStaphylo-

coccus aureusandEnterococcifromtheyear2005totheirst
ninemonthsoftheyear2008arereportedinTable1.
WithregardtoS. aureus,weunderlineaprogressivere-

ductionofmethicillinresistancerate(from56.8%ofstrains
intheyear2005upto44.7%ofoveralltestedstrainsinthe
year 2008),whilewe conirm amaintained 100% suscep-
tibilitytoallavailableglycopeptides.Ofmajorinterest,the
introductionofnovelguidelinesforacorrectantimicrobial
use inmedicine and surgery seemed to lead to an appar-
entlyprogressive reductionof the frequencyofantibiotic-
resistantstrains,asdemonstratedbyanincreasedmean in 

vitrosusceptibilityrateagainstalmostalltestedcompounds
demonstratedintheyear2008,versusyears2005-2007,to-
getherwithanapparentprogressive trend towardreduced
resistancesduringtheexaminedtemporalspan(years2005
to 2008). Furthermore, elevated sensitivity rates are also
found for a number of“older”molecules, like cotrimoxa-
zole(87.9%to98.2%),chloramphenicol(83.5%to88.6%),
followedby rifampicin (60.2% to 80.4%), clindamycin

Table 1. Microbiological figures from patients hospitalized at our tertiary-care hospital (S. Orsola-Malpighi 

Hospital, Bologna, Italy), year 2005-2008

In vitro antimicrobial susceptibility of Staphylococcus aureus strains isolated from inpatients (years 2005-2008) 

Antibiotic susceptibility Year 2005 Year 2006 Year 2007 Year 2008

 (190 strains) (167 strains) (131 strains) (Jan. to Sep.)

    (103 strains)

Penicillin 7.9 7.8 9.9 7.8

Amoxicillin-clavulanate 43.2 48.5 48.9 55.3

Cefotaxime/Ceftriaxone 42.9 48.5 48.9 55.3

Methicillin/Oxacillin 43.2 48.5 49.6 55.3

Erithromycin 34.2 48.5 51.9 55.3

Clindamycin 34.9 48.5 51.9 54.4

Chloramphenicol 84.7 88.6 87.8 83.5

Rifampicin 60.2 64.0 62.1 80.4

Cotrimoxazole 87.8 98.2 93.1 95.1

Gentamicin 31.1 41.0 43.5 49.5

Vancomycin/Teicoplanin 100.0 100.0 100.0 100.0

In vitro antimicrobial susceptibility of Enterococci isolated from inpatients (years 2005-2008)

Antibiotic susceptibility Year 2005 Year 2006 Year 2007 Year 2008

  (206 strains) (151 strains) (155 strains) (Jan. to Sep.)

     (108 strains)

Penicillin 50.0 49.0 51.6 50.9

Ampicillin 50.0 49.0 52.3 51.9

Tetracyclin 46.6 45.0 38.7 38.0

Vancomycin/Teicoplanin 98.1 95.4 94.8 96.3

Linezolid 100,0 100,0 100,0 100,0

Daptomycin N/A N/A N/A 100.0

Quinupristin/Dalfopristin 100,0 100,0 100,0 100,0
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(34.9%to54.4%),anderythromycin(34.2%to55.3%).

These last compounds,which are largely available and

donotimplyincreasedcostsofadministration,areex-

pectedtobeclinicallyeffectivealoneand/or incombi-

nationwithanti-Gram-positiveagents(Table1).

WhenexaminingthetemporaltrendofisolationofEntero-

cocci(asagroup)inthesametimeperiod(year2005,uptoSep-

tember2008),wenoticeafullsensitivitytonovelcompounds

(i.e.linezolid,daptomycin,andquinupristin/dalfopristin),and

amaintainedin vitroeffectivenessofglycopeptides(94.8%to

98.1%).Vancomycin-resistant Enterococci (also calledVRE)

wereisolatedinfrequently:only9casesintheyear2005,6inthe

year2006,8intheyear2007,andonlythreecasesintheirst9

monthsoftheyear2009(A.NanettiandS.Ambretti,unpub-

lisheddata).AlsointhecaseofEnterococci,anumberof“older”

compoundsstillretainaneffectiveactivityagainstEnterococci,

asdemonstratedbysusceptibilityratesofpenicillin(49.0%to

51.6%),ampicillin(49.0%to52.3%),andtetracyclines(38.0%

to46.6%).Alsointhiscase,thesecompoundsmayactfavour-

ablyormaybeapartofacombinationregimen,afterin vitro 

sensitivityassays(Table1).

NOVEL ANTIBACTERIAL AGENTS WITH  

ENHANCED ACTIVITY AGAINST RESISTANT 

GRAM-POSITIVE COCCI

Thefollowingantibacterialagentshavebeenapprovedduring

thelastiveyears:quinupristin/dalfopristin,29-32linezolid,33,34 

daptomycin,35-37andtigecycline.38,39Novel lipoglycopeptide

agents under study include dalbavancin,40 telavancin, and

oritavancin.41 Even novel cephalosporins (i.e. cefbiprole),

and luroquinolones (i.e. garenoloxacin) with enhanced

activityagainstMRSAareinthepipeline.Somefeaturesof

thesenovelantimicrobialmoleculearesummarized inTa-

ble2(microbiologicalspectrum,clinicalindication,adverse

events),andinTable3(selectedpharmacologicalfeatures).

Quinupristin/Dalfopristin 

Theso-calledstreptograminantibiotic,quinupristin/dalfo-
pristin, isacombinationof twosemisyntheticpristinamy-
cinderivatives,whichare representedbyquinupristinand
dalfopristin, in a 30:70 ratio. Resistance to quinupristin/
dalfopristin can occur by several mechanisms increasing
enzymaticmodiication, active transport of speciic eflux

Table 2. Novel antimicrobial agents for the management of resistant gram-positive infections. Microbiological, 

clinical, and therapeuticfeatures as of the end of 2008. [In vitro antimicrobial susceptibility of staphylococcus 

aureus strains isolated from inpatients (years 2005-2008)] 

Drug Class  Microbiologically effective on Adverse events  Clinical indications   

   MRS MRS PRS VRE   Blood  Skin-  Hospital- 

   A E P    stream soft acquired 

          tissue pneumonia

Vancomycin Glycopeptide + + + Not VISA- Nephro- and + + + 

       VRSA ototoxicity 

        Red man 

        syndrome

Teicoplanin Glycopeptide + + + Not Van-A N/D + + -

Quinupristin/ Streptogramin + + + E. faecium Hepatic, phlebitis + + - 

Dalfopristin       Artho-myalgias + + -

Linezolid Oxazolidinone + + + + Neuropathy,  + + + 

        myelotixicity,  

        serotonin syndrome

Daptomycin Lipopeptide + + + + Arthro-myalgias,  + + - 

        CPK rise  

Tigecycline Glycopeptide + + + + Nausea, diarrhea  + -

Dalbavancin Glycopeptide + + + Not VAN-A Gastrointestinal,  + + - 

        hypokaleamia

Oritavancin Glycopeptide + + + + N/D - + - 

- - - -

Telavancin Lipoglycopep- + + + + Altered taste, CNS,  - + --

  tide      phlebitis7 

Manfredi,Sabbatani
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pumps mediated by an adenosine triphosphate-binding
protein,andalterationofthetargetsite.Resistanceisrarefor
StreptococciandEnterococcus faecium.42Thisstreptogramin
combinationactssynergisticallytoinhibitbacterialprotein
synthesis at the ribosome level. Quinupristin/dalfopristin
is thereforeactiveagainstStaphylococcus aureus (including
MRSA strains),Streptococcus pneumoniae, andGram-pos-
itive anaerobes such asClostridium spp.,Peptococcus spp.,
andPeptostreptococcus spp.It iseffectiveagainstvancomy-
cin-sensitive as well as vancomycin-resistant Enterococcus 

faecium (VREF),buthas little in vitro activity againstEn-

terococcus faecalis,soitcannotberecommendeduntilinal
speciationofEnterococcalorganisms is concluded.Dalfo-
pristin/quinipristin association inhibits cytochrome P450
3A4,andcaninhibitagentsmetabolizedthroughthispath-
way.Dosage adjustmentsmay be needed in patients with
hepaticdysfunction.Renalfunctionhasminimalimpacton
theagent’spharmacokinetics.Apost-antibioticeffectisob-
servedin4-5hoursat4XMICforStaphylococci,7-9hours
forStreptococci,andonly4hoursforEnterococci.43

Theregisteredclinicalindicationsforquinupristin/dalfo-
pristinuseincludeintra-abdominalinfections,bacteremia,
urinary tract infection and skin and soft tissue infections
inwhichEnterococcimayplaya relevantpathogenic role.
Overall clinical success rate forpatientswithvancomycin-
resistantE. faecium(VREF)provedtobe74%,whileoverall
clinicalandbacteriologicalsuccessratewas66%.44Patients
withbacteremia,thoseonmechanicalventilation,andthose
undergoing surgeryhadaworseoutcomeasmightbeex-
pected.44Themostcommonandnotableadverseeventswere
arthralgiasandmyalgias,aswellasvasculitis.Inacompara-
tiveclinicaltrialoftherapyforGram-positiveskinandsoft
tissueinfections,S. aureuswasthemostfrequentpathogen
isolated.Theclinicalsuccessrateofquinupristin/dalfopris-
tinwascomparable(68%)tothecomparatoragents(71%)

(cefazolin,oxacillinorvancomycin).45Ahigherincidenceof
drug-relatedadverseeventsoccurredwithquinopristin/dal-
fopristinascomparedtootheragents.46For thosepatients
receivingcomparatoragents,themostcommonreasonfor
discontinuationwastreatmentfailure(12%).46Furthermore,
quinupristin/dalfopristinwas compared to vancomycin in
patients with hospital-acquired pneumonia.47 Successful
outcomes were similar at 56% for quinupristin/dalfopris-
tinand58%forvancomycin.Thebacteriologicsuccessrate
wasidenticalforbothantibioticgroups,ataround54%of
treatedcases.Quinupristin/dalfopristinhasbeenalsoused
totreatpatientsinfectedbyS. aureusintoleranttoorfailing
standardtherapies.48

Ninetypatientswere treated for an averageof 28days
witha71%clinicaloutcomeofcureor improvementand
bacteriologicoutcomeoferadicationorpresumederadica-
tion.Infectionsincludedboneandjoint,skinandsofttissue,
bacteremia,endocarditis,andrespiratorytractinvolvement.
Adverseeventsincludedmainlyarthralgias(11%),myalgias
(9%),andnausea(9%).However, inpatientswithhepatic
dysfunctionorlivertransplantationandconcurrentreceipt
of immunosuppressivechemotherapy, the incidenceofar-
thralgiasapproached50%oftreatedsubjects.49,50

Linezolid 

Linezolidisanoxazolidinoneantibioticwithactivityagainst
Gram-positivepathogensincludingVRE,MRSA,andVISA.
Theuniquemechanismofactionof linezolid involves the
inhibitionofbacterialproteinsynthesisthroughbindingto
thedomainVregionsofthe23SrRNAgene46.Resistance
to linezolid requires mutations of multiple gene copies,
and seems an infrequent phenomenon. Linezolid is 100%
bioavailablewhengivenbyeitheroralorintravenousroute.
Maximalplasmalevelsareachievedwithin1-2hoursafter
oraldosing.Proteinbindingisonlyaround30%withfree

Table 3. Novel Antimicrobial Agents for Management of Resistant Gram-positive Infections. Selected Pharma-

cogical Features Updated at the End of 2008 

Drug Class Pharmacodynamics Protein  Elimination  Dosage    

   binding (%) route adjustment

      renal  Hepatic

Vancomycin Glycopeptide AUC/MIC 10-55 Renal +  -

Teicoplanin Glycopeptide AUC/MIC 90 Renal +  -

Quinupristin/ Streptogramin AUC/MIC N/A Hepatic/feces N/A  + 

Dalfopristin     

Linezolid Oxazolidinone AUC/MIC 31 Hepatic N/A  N/A 

Daptomycin Lipopeptide AUC/MIC 92 Renal +  N/A

Tigecycline Glycopeptide Time above MIC 68 Biliary N/A  +

Dalbavancin Glycopeptide AUC/MIC >95 Renal +  N/A

Oritavancin Glycopeptide AUC/MIC N/A Renal Renal  N/A

Telavancin Lipoglycopep- AUC/MIC N/A Renal +  - 

ResistantGram-positivecocciandnovelantibacterialagents
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distributiontowell-perfusedtissues.Thedrugdoesnotre-
quiredosagealterationinthepresenceofrenalfailure,and
no interaction exists for cytochrome P450 enzymes (and
drugsmetabolizedthroughthislastpathway).Linezolidand
itstwometabolitesaredecreasedwithhemodialysis,there-
foredosingshouldoccurpost-dialysis.51

Linezolid iscurrentlyapprovedforskinandsoft tissue
infections and pneumonia due to susceptible pathogens.52 
Intwocontrolledtrialsofhospital-acquiredpneumonia,a
trendwasseenforlinezolidsuperiorityovervancomycin.53,54

There is little data (mainly based on observational stud-
ies), on the utility of linezolid for either bacteremia,55 or
osteomyelitis.56,57 
Basedonarabbitmodel, linezoliddoesnothavesuf-

icientCSFpenetrationandshouldnotberecommended
forpneumococcalmeningitis.33However,CNSpenetration
appearsadequatetotreatCSFshuntinfectionsandbrain
abscesses,too.
The myelotoxicity (especially the thrombocytope-

nia), is themostcommonseriousadverseeventcausedby
linezolid;59itcanbeamelioratedorpreventedbyco-admin-
istration of pyridoxine (Vitamin B6).60-63 Both peripheral
and optic neuropathy have been reportedwith prolonged
usegreaterthanfourconsecutiveweeks.64,65Lacticacidosis
hasalsobeenreportedandisnotassociatedwithduration
of administration.65,66 Interaction exists between linezolid
and serotonin-reuptake inhibitors (antidepressantsdrugs).
Intheselastcases,aminorityofpatientsmightdevelopthe
so-calledserotoninsyndrome(fever,agitationwithmental
status changes and tremors).Due to itsweak activity as a
monoamineoxidase-inhibitor,linezolidshouldnotbeused
concomitantlywithagents,suchastramadol,pethidne,du-
loxetine, venlafaxine, milnacipran, sibutramine, chlorpe-
niramine, brompheniramine, cyproheptadine, citalopram,
andparoxetine.65-67Drugmetabolitesmayaccumulateinthe
eventofsevererenalfailure.

Daptomycin 

Daptomycin is the irst in a new class of antimicrobial
agents:a lipopeptideantibioticwithactivityagainstS. au-

reus (including methicillin-resistant strains), beta-hemo-
lyticGroupsA,B,C,andGStreptococci,andEnterococci,
including ampicillin- and vancomycin-resistant strains.
Bothvancomycin-resistantStaphylococcus aureus andvan-
comycin-resistantEnterococciare susceptible todaptomy-
cin.Themechanismofactionofdaptomycin isuniqueas
themoleculecausesacalciumiondependentdisruptionof
bacterial cellmembranepotential resulting inanefluxof
potassium,whichinhibitsRNA,DNA,andproteinsynthe-
sis.Rareinstancesofresistancehaveoccurredinclinicaltri-
als,althoughthemechanismofresistancehasnotyetbeen
clearly identiied to date.Daptomycinwas shown to have
a rapidly bactericidal effect in vitro againstGram-positive

drug-resistant pathogens. Its activity is concentration-de-
pendentandoncedailydosingisassociatedwithsigniicant
post-antibioticeffect.
Daptomycinishighlyproteinbound(around92%),with

aterminalhalf-lifeof8hours,whichallowsforoncedaily
dosing.Post-antibioticeffectprovestobedosedependent,
and is reduced in thepresenceof albumin (i.e. exudates).
Thedrug volumeofdistribution is low (0.1L/kg) and the
Cmax (54.6mcg/mL) is unchanged at steady state, and is
achievedbydaythreeofadministrationinhumans.Cmax
concentrationsoccurat theendof a30-minutes infusion.
Dosageneeds tobe reduced anddosing interval extended
toevery48hoursinpatientswithreducedcreatinineclear-
ance<30mL/min; the sameoccurs for patients on either
hemodialysisorperitonealdialysis;thedaptomycindoseis
inthesepatientsbecomes4mg/kgevery48hours.Dapto-
mycinshouldbeadministeredafterhemodialysisasapprox-
imately15%isclearedper4-hourhemodialysissession.On
theotherhand,nodoseadjustmentsforhepaticdysfunction
arerequired.
In early clinical trials conducted in the years 1980’s-

1990’s,daptomycinwasgivenindivideddailydosesof2mg/
kg every12hours for skin and soft tissue infection and3
mg/kgevery12hoursforbacteremia,achievinggoodclini-
cal and bacteriological outcomes. However, rise in serum
creatinephosphokinase (CPK),withmyalgias, andmuscle
weaknessledtoinitialabandonmentofthispromisingan-
tibiotic.However,myopathywasreversibleupondrugces-
sation.With the advent ofMRSA infections, daptomycin
has been re-examined and resurrected, and its dosagehas
been increased to 4 mg/kg daily for skin and soft-tissue
infection,68andupto6mg/kgdailyforbacteremiaanden-
docarditis.69 Both indications have been approved by the
UnitedStatesFDA.Otherwise,daptomycinisnotapproved
forthetreatmentofbacterialpneumonia;itseficacyissig-
niicantlycompromisedby its interactionwithpulmonary
surfactant.70 Signiicantdrug-drug interactionoccurswith
thestatins,andpatientsreceivingHMG-CoAreductasein-
hibitors;thesedrugsshouldbesuspendedandavoidedwhile
thepatientisundergoingadaptomycincourse.

Tigecycline 

Tigecyclineisanovelglycylcyclinemolecule,whichisade-
rivative of the tetracycline minocycline. Resistance to the
tetracycline class is classicallymediatedby ribosomalpro-
tectionmechanismsorbyactiveeflux.Tigecyclinehasmore
potentactivityagainsttetracycline-resistantorganisms,and
maintainsabroadantibacterialspectrumagainstGran-pos-
itive andalsoGram-negativepathogens.Tigecyclinebinds
moreavidlytotheribosomeandeitherdoesnotinduceef-
luxproteinsorisnotreadilyexportedbyefluxproteins.38 
Resistantclinicalisolateswereassociatedwithup-regulation
ofchromosomallymediatedefluxpumps.Unlikeoriginal
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tetracyclines,tigecyclinehasalargevolumeofdistribution
(above10L/kg),theproteinbindingisapproximately68%,
theterminalhalf-lifeofeliminationis36hours,andlessthan
15%ofthenativedrugisexcretedunchangedintheurine.
Clinicaltrialshavebeenconductedinpatientswithcom-

plicatedskinandsofttissueinfectionsandintra-abdominal
infectionsforwhichthedruggaineditsUnitedStatesFDA
approval.
Based on in vitro susceptibility data, tigecycline has a

broad spectrum of activity against both Gram-positive
cocci (including methicillin-resistant Staphylococci or
MRSA,penicillin-resistantStreptococcus pneumoniae,beta-
hemolytic groupAandgroupBStreptococci,Enterococci
(vancomycin-susceptibleones),andListeria monocytogenes.
UnlikeothernewagentsforGram-positivecocci,tigecycline
also has extensive activity against Gram-negative patho-
gens, including Haemophilus influenzae, Neisseria spp,11

 

Enterobacteriaceae,andnon-lactosefermentersotherthan
Pseudomonas aeruginosa.TheMIC

90
valuesforProteusspp.,

Providentia spp.,andBurkholderia cepaciais8mcg/mL,lim-
itingitsutilityininfectionscausedbytheseaforementioned
pathogens.
Tigecyclineneedsnoreductioninrenalimpairmentand

itisnotdialyzable.Patientswithseverehepaticdysfunction
(Child-Pugh stage C liver disease) should receive a lower
dosage.Tigecyclineactivityisdependentonthetimeabove
theMIC,andthedrugconcentrationsshouldbeabovethe
MICvaluesforatleast50%ofthedosinginterval.
Theexpectedadverseeffectsoftigeciclyneareprimarily

gastrointestinalinorigin,withnausea,vomiting,diarrhea,
and heartburn as themost frequent.Aswith all tetracy-
clines, tigecycline iscontraindicatedforpregnantfemales
and for children less than8 yearsof age.71Drug interac-
tionsoftigecyclinewitheitherdigoxinorwarfarindonot
altertheeffectofeitherdrug.Tigecyclinedoesnotinhibit
metabolismmediated by the cytochrome P450 isoforms
IA2,2C8,2C9,2C19,2D6and3A4,sothatnodrug-drug
interaction is expected with drugs metabolized by these 
cytochromeisoforms.

Dalbavancin 

Dalbavancin is a true second-generation lipoglycopeptide.
Itsuniquepharmacokineticproileallowsonceweeklydos-
ing.ItisnotactiveagainstVRE,buthasanexcellentactiv-
ityagainstMRSA,S. pyogenesandS. pneumoniaeaswellas
vancomycin-susceptible Enterococci. It is bactericidal and
synergisticwithampicillinagainstVan-AtypeEnterococci.
Themechanismofaction is the inhibitionof thecellwall
peptidoglycancross-linking.
Thedailydosageis1000mgIVonce,followedby500mg

IM7dayslater;theterminalhalf-lifeofdalbavancinis9-12
days inhumansdue toproteinbindinggreater than95%.
Animalmodelsof infectionshowexcellentactivityagainst

MRSAorGISAendocarditis,penicillin-resistantStreptococ-

cus pneumoniae12 pneumonia or MRSA pouch infection,
and septicemia due to Staphylococci, Streptococci or En-
terococci. This antibiotic has been evaluated for catheter-
related bacteremia72 and skin and soft tissue infections.73

Dalbavancin was effective and well tolerated in adult pa-
tientswithcatheter-relatedbacteremiacausedbycoagulase-
negativeStaphylococci,MSSAandMRSAinacomparative
trialwithvancomycin. Inskinandsoft tissue infections,a
92-94%microbiological and clinical response respectively
was found in an open label phase 2 comparative dosing
trial.73Clinical successat follow-upvisits for the twodose
dalbavancingroupwas80%forMRSAversus50%forcom-
paratortherapy(whichincludedbeta-lactams,clindamycin,
vancomycinandlinezolid,respectively).

Oritavancin 

Oritavancinisanotherderivativeofvancomycin:itisachlo-
roeremomycinwiththesubstitutionofvancosaminebyepi-
vancosamine.Ithasasimilarspectrumofactivitytovanco-
mycinbutwith consistently lowerMICvalues (<1mg/L).
NoresistancetooritavancinhasbeenobservedamongS. au-

reusstrainsincludingVISAstrains,butVAN-AandVAN-B
strainsofEnterococciwithreducedsusceptibility toorita-
vancinhavebeenobtainedin vitro.Theknownmechanisms
ofresistanceoforitavancinare:1)completeeliminationof
D-Ala-entryprecursors;2)mutationsintheVANSbsensor
ofVANBcluster;or3)theexpressionofVanZ(theprecise
functionofwhichisstillunknown).
Oritavancin shows rapid concentration bactericidal-

dependentactivitywithaconcentration-dependentpost-
antibioticeffectexertedagainstbothVREandMRSA.Ori-
tavancinactivityisnegativelyaffectedbylargeinoculum
anditsactivityversusVREwasslightlyreducedinstation-
aryphaseor inacidic fociof infection. Inanimalmod-
els, its efficacyhasbeendemonstrated for experimental
MRSAendocarditisandS. pneumoniaemeningitis.74,75In
areliableendocarditismodel,theadditionofgentamicin
proved to be synergistic and able to prevent the emer-
genceofresistantmutants.Withregardtoskinandsoft
tissueinfections,oritavancinprovedtobeatleastequiva-
lenttovancomycin,forbothclinicalandbacteriological
cure(about78%curerate).76

Telavancin 

Telavancin is a rapidly bactericidal lipoglycopeptide ana-
logue of vancomycin. The mechanism of action of this
moleculeisbyinhibitionofpeptidoglycanchainformation
throughblockageofboththetranspeptidationandtransgly-
cosylationsteps;andbyadirecteffectonthebacterialmem-
branedissipatingmembranepotentialandeffectingchanges
incellularpermeability.
The in vitro activity of telavancin demonstrates en-

hancedactivityagainstMRSA,penicillin-resistantS. pneu-

moniae, GISA and Van-A type Enterococci. Telavancin
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achievesahighervolumeofdistributionintotissuesanda
prolongedhalf-life.77Ahighlevelofproteinbinding(93%)
occurs in human plasma and repetitive dosing does not
leadtoaccumulation.Theterminalhalf-lifeis7-9hoursat
dosesabove5mg/kg.78Telavancinexhibittime-dependent
killingactivity.79

Telavancinanditscomparatorsofvancomycinorbeta-
lactamagenthavebeencomparedinaphase2clinicaltrial
for skin and skin-structure infections. Clinical cure rates
were similarat92%for telavancinversus96%forcompa-
ratoragents.Microbiologic ratesof curewerenoted tobe
93%inthetelavancingroupand95%amongthecompara-
torgroup.80Forcomplicatedskinandsofttissueinfections,
clinicalcurerateswereat96%fortelavancinand90%for
comparator agents. Microbiologic eradication was bet-
terwith telavancin (92%)versus comparatoragents (78%, 
p = 0.07).80 Telavancin is currently under assessment in
phase3trialsofhospital-acquiredpneumonia.
Adverseeventsassociatedwithtelavancinamongevalu-

atedpatientsincludedvomiting,paresthesias,anddyspnea.
Laboratoryabnormalitiesincludedmicroalbuminemiaand
adecreasedplateletcount.81

CLINICAL INDICATIONS OF NOVEL ANTIBI-

OTICS WITH EXPANDED SPECTRUM AGAINST  

RESISTANT GRAM-POSITIVE COCCI

Skin and soft-tissue infections

Skinandsoft-tissueinfectionscausedbyGram-positivecoc-
cirangefromasimplecellulitistolife-threateningnecrotiz-
ing fasciitis.Allof theneweragentshavebeenstudied for
suchinfectionsandhavebeenfoundtobeeficacious(Table
2).Mostofthepatientsinthesestudieshadlesssevereinfec-
tions thannecrotizing fasciitis as that infection requires a
surgicalapproachaswellasantibiotictherapy.AlliveFDA-
approved agents, i.e. quinupristin/dalfopristin, linezolid,
daptomycin, tigecycline, and vancomycin are appropriate
choicesforaneffectivetreatmentofGram-positivepatho-
gens. Only tigecycline has activity against Gram-negative
bacillipathogens.So,tigecyclinemayhaveamajorrolefor
diabeticfootinfectionsandinfecteddecubitusulcerswhich
maybeco-infectedbyanaerobicbacteriaandaerobicGram-
negativebacilli,inadditiontoGram-positivecocci.

Bone and joint infections

With regard toosteomyelitis and joint infections,Gram-
positive cocci largely predominate over other microbial
pathogens.S. aureus,andbothMSSAandMRSA,aswellas
coagulase-negativeStaphylococciaccountforover50%of
recoveredpathogens.Unfortunately,onlyfewstudieshave
prospectively investigated the above-mentioned newer
antibioticsintheseinfections.56,57Aneziokoroet al.evalu-
ated 20 patients who received linezolid for osteomyelitis

for 6 weeks ormore in a retrospective non-comparative
study.82Fifty-ivepercentofcases(11patients)achieveda
curewithfollow-upperiodsrangingfrom6to49months
(median of 36 months). Prospective comparative stud-
iesofeficacy inboneand joint infectionshavenotbeen
reportedtodate.Intworetrospectivestudies,22patients
withosteomyelitisandthreesubjectswithsepticjointin-
fectionsweretreatedwithdaptomycin.83,84MRSAwasthe
predominantpathogeninover75%ofpatients.Daptomy-
cinwasusedas salvage therapy,and itsusualdosewas6
mg/kg/day.Clinicalsuccessratewasabout90%;followup
periodswereoneyearorless.Limiteddatahasbeenpub-
lishedwithrespecttoboneandjointinfectionsfordalba-
vancin,tigecyclineorquinupristin/dalfopristininhumans.
InarabbitmodelofMRSAosteomyelitis,thecombination
ofrifampinandtigecyclinewascomparedtovancomycin
withorwithoutrifampicin,tigecyclinealone,andvanco-
mycinalone.85All regimenswereeffective (inabout90%
of episodes).Untreated rabbits had spontaneous cure in
26%ofcases(4/15).Tigecyclineconcentrationsarehigher
ininfectedbonethaninnon-infectedbone.Arabbitmodel
ofquinupristin/dalfopristinprostheticjointinfectionwith
MRSAwas compared tovancomycinwithorwithout ri-
fampicin,showinganequivalentoutcome.86

Pneumonia and lower respiratory tract infections

PneumoniaduetoGram-positivecocciiscommon.Inthe
community, infection isusuallydue toS. pneumoniae and
occasionallyS. aureus.Hospital-acquiredpneumonia(HAP)
isoftencausedbyMRSAorganisms.Linezolidwascompa-
rable to vancomycin in the therapy of MRSA-associated
VAP,althoughatrendwasseenforlinezolidsuperiority.53,54

Daptomycin isnot indicated forpneumoniadueto its in-
teractionwithsurfactant,70while tigecycline isundergoing
clinicalevaluation.Quinupristin/dalfopristinhasbeencom-
pared to vancomycin for hospital-acquired pneumonia.47

Onehundredandseventyonepatientshadsimilarclinical
responseratesofabout57%respectively.Drugdiscontinua-
tionadverseeventsoccurredmorefrequentlyinthequinu-
pristin/dalfopristingroup(15%),ascomparedtovancomy-
cin.Onlytwoisolatedofthe87overallstrainswereshown
tohavedecreasedsusceptibilitytoquinupristin/dalfopristin
duringandaftertreatment.

Intra-abdominal infections

Ofthenewerantibiotics,onlytigecyclinehasbeenapproved
for intra-abdominal infections.Asmentioned,tigecycline’s
broaderspectrumofactivityincludesGram-negativebacilli
and anaerobic bacilli. Linezolid, daptomycin, and quinu-
pristin/dalfopristincanbeusedincombinationwithantibi-
oticswithGram-negativespectrumofactivitysuchasaztre-
onam, and especially carbapenems, luoroquinolones, and
aminoglycosides.Ofconcern,quinupristin/dalfopristinhas
noactivityagainstE.faecalis.
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Bacteremia and endocarditis

Daptomycin and quinipristin/dalfopristin have been ap-
provedby theUnitedStatesFDAorganisms for the treat-
mentofGram-positivebacteremia.Inaddition,daptomycin
hasbeenapprovedforuseinS. aureusright-sidedendocar-
ditis.87 Dalbavancin, linezolid, tigecycline and oritavancin
have not yet been approved for bacteremia due toGram-
positivecocci.LinezolidhasbeenevaluatedforGram-posi-
tivebacteria.55,88,89Among108bacteremicpatientsreceiving
linezolid,eradicationwasseenin91%andclinicalcurewas
seenin94%oftheepisodes.55Ontheotherhand,linezolid
isstillnotapprovedforcatheter-relatedbecteremiaanden-
docarditis.Arandomizedstudyof726patientswithcath-
eter-related bacteremia received linezolid or vancomycin;
anexcessnumberofdeathswereseenforpatientsreceiving
linezolidduemainly toGram-negative rods implicated in

theseinfections.90Basedon23casereportsandthreecase
series,atotalof63%(21/33)ofpatientswithendocarditis
were successfully cured after linezolid administration.91 
MRSAandvancomycin-intermediateS. aureuswere the
mostcommonlyisolatedcocci(24.2%and30.3%ofcas-
es,respectively).Fivecasesweresuccessfullytreatedwith
linezolidmonotherapy.

POTENTIAL SYNERGISTIC INTERACTIONS OF 

NEWER ANTIBIOTICS: IN VITRO STUDIES

In vitro interaction between the new anti-staphylococcal
antibioticswerevirtuallyalwaysindifferent,thereforelead-
ingtoapossibleadditiveeffect,althoughafewexperiments
showedpossible(Table4).89,92-95,98-107Forinstance,asynergis-
ticinteractionwasfoundforquinupristin/dalfopristinand
vancomycinintwoindependentstudies.92,93

Table 4. Some experimental studies conducted in vitro or on animal models, regarding possible interactions 

between the different antimicrobial agents effective on Gram-positive Cocci89,92-95,98-107

reference  Combination Pathogens Interaction  

quotation

97  Daptomycin + vancomycin GISA Additive

97  Daptomycin + gentamicin GISA Additive

93  Daptomycin + gentamicin MSSA/MRSA Enhanced time-kill

98  Daptomycin + gentamicin MSSA/MRSA Increased killing

99  Daptomycin + rifampicin MRSA Additive

100  Daptomycin + gentamicin + rifampicin MRSA Additive

97  Linezolid + vancomycin GISA Additive

94  Linezolid + vancomycin MSSA/MRSA Antagonistic

89, 95 Linezolid + vancomycin MRSA Indifferent

101  Linezolid + vancomycin MSSA/MRSA/MRSE Increased killing

94, 98 Linezolid + gentamicin MSSA/MRSA Indifferent

95  Linezolid + gentamicin MRSA Antagonistic

94  Linezolid + rifampicin MSSA/MRSA Indifferent

95  Linezolid + rifampicin MSSA/MRSA Synergistic

102  Linezolid + rifampicin MSSA Indifferent

101  Linezolid + quinupristin/dalfopristin MRSA Increased killing

97  Quinupristin/dalfopristin + vancomycin GISA Additive-Synergistic

103  Quinupristin/dalfopristin + vancomycin MSSA/MRSA Additive

101  Quinupristin/dalfopristin + vancomycin MRSA Increased killing

92  Quinupristin/dalfopristin + vancomycin MSSA/MRSA Synergistic

97  Quinupristin/dalfopristin + gentamicin GISA Indifferent

104  Quinupristin/dalfopristin + rifampicin MSSA Increased killing

105  Quinupristin/dalfopristin + rifampicin MRSA Synergistic

106  Tigecycline + vancomycin MRSA Indifferent

107  Tigecycline + gentamicin MRSA/GISA Increased killing

106  Tigecycline + rifampicin MRSA Indifferent
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Ontheotherhand,antagonisticinteractionsweredem-
onstratedforthecombinationoflinezolidplusvancomycin,94 
and linezolid plus gentamicin.95 It should be emphasized
that in vitro interactionmaynot translate into clinical ef-
icacy.Quinupristin/dalopristinincombinationwithvan-
comycin appeared to be favourable for the management
of MRSA infections responding poorly to vancomycin.96  
However,wehavetospecifythattheMRSAisolateswereofa
speciicgenotype,accessorygeneregulator(agr),whichhas
beenlinkedtovancomycintreatmentfailure.96Nevertheless,
suchinformationmaybeusefulifinnovativecombination
therapyneedstobeadministeredtoseverelyillpatientswith
invasiveS. aureusinfectionunresponsivetomonotherapy.
Controlled clinical trialsusing combinations including

thesenewagentsareindicatedforpatientswithsevere,life-
threatening infections caused by gram-positive cocci, and
randomizedtrialsarestronglywarrantedinthissomewhat
unexploredield.
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