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ABSTRACT

Theincidenceofdrug-resistantpathogensdiffersgreatlybetweencountriesaccordingtodiffer-
encesintheusageofantibiotics.Thepurposeofthisstudywastoinvestigatethephenotypicre-
sistanceof321methicillinresistanceStaphylococcus aureus (MRSA)and195methicillinsuscepti-
bleS. aureus(MSSA)inatotalof516S. aureus strainstomacrolide,lincosamide,streptograminB
(MLS

B
),ketolid,andlinezolid.DiskdiffusionmethodwasappliedtodetermineMLS

B
phenotype

andsusceptibilitytodifferentantibioticagents.Itwasfoundthat54.6%oftheisolateswereresist-
ant to erythromycin (ERSA), 48% to clindamycin, 55% to azithromycin, 58.7% to spiramycin,
34.7%totelithromycin,and0.4%toquinupristin-dalfopristin,respectively.Nostrainresistantto
linezolidwasfound.Theprevalenceofconstitutive(cMLS

B
),inducible(IMLS

B
),andmacrolides

and typeB streptogramins (M/MS
B
)amongERSA isolates (237MRSA,45MSSA)was69.6%,

18.2%,and12.2%inMRSAand28.9%,40%,and31.1%inMSSA,respectively.Inconclusions,
theprevalenceofcMLS

B
waspredominantinMRSA;whileinMSSAstrains,iMLS

B
andM/MS

B
 

phenotypeweremorehigherthancMLS
B
phenotyperesistance.Theresistancetoquinupristin-

dalfopristinwasverylow,andlinezolidwasconsideredasthemosteffectiveantibioticagainstall
S.aureusstrains.

Keywords: Staphylococcus aureus,macrolide,lincosamide,streptograminB,ketolid,linezolid,MLS
B
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Prevalence of phenotypic resistance of Staphylococcus aureus 
isolates to macrolide, lincosamide, streptogramin B, ketolid 
and linezolid antibiotics in Turkey

INTRODUCTION

Macrolides (e.g., erythromycin, azithromycin,

spiramycin),lincosamides(e.g.,clindamycin,lin-

comycin),andstreptograminB(e.g.,quinupris-

tin) are groups of antibiotic collectively named

MLS
B
.1 They are chemically distinct, but have

similarinhibitoryeffectsonbacterialproteinsyn-

thesis.MLS
B
,commonlyusedintreatmentofsta-

phylococcalinfections,1andclindamycinisafre-

quentchoiceforsomestaphylococcalinfections,

particularlyskinandsoft-tissueinfections,andit

isanalternativeinthepenicillin-allergicpatients.2 

ThemacrolideantibioticresistanceinS. aureusis

usuallycausedeitherbyribosomalmodiication

mediated by 23S rRNAmethylases encoded by

ermgenes,orbyactiveefluxoftheantimicrobial

agent by anATP-dependent pump encoded by

msrAgene.Methylasesconferinducible(iMLS
B
)

orconstitutive (cMLS
B
) resistance,while theef-

luxmechanismaffectsonlymacrolidesandtype

B streptogramins (M/MS
B
). Other more rare

macrolideresistancemechanisms includeribos-

omal mutations and antibiotic inactivation by
speciichydrolasesorphosphotransferases.3Ke-
tolidesbelongtotheMLS

B
 family,andtelithro-

mycinistheirstcommerciallyavailableketolide.4 
Oxazolidinones and speciically linezolid are
newclassofcompoundsthatbindstothe23S
portionofthe50Sribosomalsubunit,prevent-
inginitiationcomplexformationwithactivity
againstmethicillin-resistantS. aureus(MRSA)
and vancomycin-resistant Enterococcus spp. 

(VRE).5 Quinupristin-dalfopristin (Synercid,
30:70ratio)istheirstparenteralstreptogramin
thathasrecentlybeenlicensedforclinicaluse
intheUnitedStatesandEuropeforthetreat-
mentofinfectionscausedbymultidrugresist-
antandGram-positivepathogens.6

Quinupristinanddalfopristinenterbacterial
cellsbydiffusionandbindtodifferentsitesonthe
50Sribosomal subunit, resulting inan irrevers-
ibleinhibitionofbacterialproteinsynthesis.The
combination synergistic effect appears to result
fromthefactthatthesecompoundstargetearly
andlatestepsinproteinsynthesis.7
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In vitro tests show that strains with constitutive 
resistance are resistant to all macrolides, which comprise 
14-(e.g.erythromycin), 15-(e.g.azithromycin), and 16-
memberedrings(e.g.spiramycin),lincosamides,andstrep-
togramin B, while inducibly-resistant strains are resistant
only to 14- and 15-membered-ringmacrolides.3 The ob-
jectiveofthepresentstudywastoinvestigateprevalenceof
MLS

B
,ketolid,andlinezolidphenotypicresistanceinclinical

S. aureusstrains.

MATERIAL AND METHODS

Bacterial strains

Between January2006 andApril 2007, 321MRSAand195
MSSA,atotalof516S. aureusisolateswereobtainedfromdif-
ferentclinicalspecimensatHaydarpasaNumuneEducation
andResearchHospitalinIstanbul,Turkey.Theisolateswere
identiied according to Gram stain, catalase, and coagulase
production(SlidexStaphPlus,Biomérieux,France).Dupli-
cateisolateswasnotincluded.S. aureusATCC25923wasused
asqualitycontrolinsusceptibilitytesting.

Antimicrobial disks

AntimicrobialdiskswerepurchasedfromOxoid(Hemakim,
Istanbul,Turkey).

Determination of antimicrobial susceptibility test 
and MLS

B
 phenotype resistance patterns 

MLS
B
 phenotype resistance pattern was determined 

accordingtothemethodadvisedbyClinicalandLaboratory
StandardsInstitute(CLSI).8Briely,anovernightcultureof
eachisolatewasadjustedto0.5McFarland(108cf/mL)and
spread on unsupplementedMueller-Hinton agar (HIME-
DIA,HimediaLaboratories,Mumbai,India).Thefollowing
antibioticdiskswereappliedonan inoculatedmedia:azi-
thromycin(Az-15μg),spiramycin(Sp100μg),telithromy-
cin(Te-15μg),quinupristin-dalfopristin(Q-D-15μg),and
linezolid(Li-30μg),erythromycin(E-15μg),andclindamy-
cin(Cl-2μg)diskswereplacedbyhandtoprovidedistances
of15-26mmfromedgetoedge.Followingincubationfor
16to18hoursat35°C,zonediametersweremeasuredin
theusualmanner;anylatteningorbluntingofclindamycin
zoneshape(D-shape),indicatingiMLS

B
,whileresistanceto

botherythromycinandclindamycinindicatedcMLS
B
.Lack

ofaD-shapedzoneinerythromycinresistantandclindamy-
cin-susceptibleisolateswereinterpretedasM/MS

B
.Dueto

lackofCLSIzonediameterscriteriaforspiramycin,weused
theComite´del’AntibiogrammedelaSocie´te´Françaisede
Microbiologierecommendationofzonediameters≥ 24mm
assusceptible,and<19mmasresistance.9

RESULTS

Of the 516 isolates, 237 MRSA and 45 MSSA, a total of
282 (54.6%) S. aureus isolates were found to be resistant
to erythromycin (ERSA) and the rest was susceptible to
erythromycin(ESSA),248(48%) isolateswere resistant to

clindamycin, 284 (55%) to azithromycin, 303 (58.7%) to
spiramycin,179(34.7%)totelithromycin,andtwo(0.4%)
strains to quinupristin-dalfopristin. No strain resistant to
linezolidwasfound.AsforphenotypicresistanceofERSA
isolates,therateofcMLS

B
,iMLS

B
,andM/MSin282ERSA

strainswas178(63%)cMLS
B
,61(22%)iMLS

B
,and43(15%) 

M/MS
B
, respectivley. The distribution of cMLS

B
, iMLS

B
,

and M/MS
B
 in ERSA-MRSA isolates was 69.6 %, 18.2%,

and12.2%;andinERSA-MSSAisolatesitwas28.9%,40%,
and31.1%,respectively,whichshowedapredominanceof
cMLS

B
 inMRSA,while iMLS

B
 andM/MS

B
phenotypic re-

sistancepatternswerehigherinMSSAisolates(Table1).

DISCUSSION

Thisstudywasconductedatthelargesteducationalhospi-
talinIstanbul-TurkeytoinvestigatetheprevalenceofMLS

B
,

ketolid, and linezolid in516S. aureus isolates.Thepreva-
lence of ERSA inTurkish isolateswas found to be higher
(54.6%) than those obtained (39%) in a study perfomed
by the neighbours of Turkeywith the participation of 20
European university hospitals.10 This differance is more
likelyattributedto thehighproportionofMRSA(62.2%)
inourS .aureus isolatescompaedto thatof theEuropean
study (22%).However, they also reported10 higher rate of
cMLS

B
inMRSA(93%)andMSSA(44%)thanweobtained

inMRSA(69.6%)orinMSSAisolates(28.9%).Aktaset al.11
 

conducteda studyat theUniversityhospital inTurkeyon
only22MRSAandfoundthat63%,18%,and18%ofthe
isolates exhibited cMLS

B
, iMLS

B
, andM/MS

B
, respectively.

Spiliopoulou et al.12 havementioned in a study on ERSA
strains that only 5.3% ofMRSA isolates expressed iMLS

B

andtherestdisplayedcMLS
B
,while inMSSA,78.3%were

iMLS
B
and21.7%wereM/MS

B
,similarwithourindingin

whichthepercentageofM/MS
B
(31.1%)inMSSAwastwo-

foldhigher(12.2%)thaninMRSA.AstudyofJanapatlaet 

al.13fromTaiwanreportedthatiMLS
B
waspredominantin

MSSA(8%)thaninMRSA(4%).Otsukaet al.14havealsore-
portedthat61.3%oftheJapaneseMRSAisolatesexpressed
cMLS

B
 and 94% of the MSSA isolates displayed iMLS

B
. 

AretrospectivestudyconductedbyModaket al.15on13,946
S. aureus strains collected between 1994-2005 revealed a
stableincidenceofcMLS

B
strains,butalsoasigniicantin-

crease in the incidenceof isolates thatwere susceptible to
clindamycin and resistant to erythromycin, and in iMLS

B
.

Theyattributedthishighincidencetotheincreaseduseof
macrolides and clindamycinduring the sameperiod.Me-
rino-Díazet al.16reportedthattherateofiMLS

B
resistance

wassigniicantlyhigherinS. aureus(5.2%)thantherateof
cMLS

B
(1.7%)incutaneousstrainsfromSpain.Ontheother

hand,41.5%oftheESSAisolates(44.7%ofMSSAand35.7%
ofMRSA)werehighly resistant to spiramycin, in contrast
tothelowresistanceratetoclindamycin(4%)andazithro-
mycin(1%).Theribosomalmutationsandantibioticinac-
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tivationarethemechanismsthatmightplayaroleinthelast
resistanceofESSAanddifferfromMLS

B
.3Only0.4%oftheS. 

aureusisolateswereresistanttoquinupristin-dalfopristinand
thisagentwaseffectiveinalloftheexaminedisolates.There
was concern regarding the use of streptogramin antibiotic
(virginiamycin) as a feed additive in the animalhusbandry
anddevelopmentofcross-resistanceagainstthisantibiotic.17 
Althoughtheirstresistancetolinezolidwasreportedin2001
due tomutations in the23SrRNA,18wedidnotdetectany
resistanceorevendecreasedsusceptibility to thisantibiotic,
andmostreportshaveshownthattheresistanceratetothis
agentisstilllow.18-20Ourstudyandreviewofthestudiesre-
latedtomacrolidesresistanceinS. aureusdemonstratedthat
methicillin resistance leadsphysicians tousedifferentmac-
rolides,mainlyeryhromycin,azithromycin,andspiramycinor
lincosamides,suchasclindamycinandlincomycinwhichfacili-
tatedevelopmentofdifferentMLS

B
phenotypicpatterns,and

whichmostlyendwithresistancetomacrolides,lincosamide,
streptograminB,andketolid(cMLS

B
).Webelievethatthisis

thereasonbehindtheincreasedprevalenceofcMLS
B
 ingeo-

graphicalareawithhighprevalenceofMRSA,andviceversa.
Our study showed that the prevalence of MLS

B
 in 

TurkishS. aureusisolateswashighandthatthepredominant
phenotypewas cMLS

B
 inMRSAand iMLS

B
 andM/MS

B
 in

MSSA isolates,which is in agreementwith reportsofmost
countries.Linezolidandquinupristin-dalfopristinwerevery
effectiveandpromising.Theaccurateuseofthesenewagents
mightavoidtreatmentfailureespeciallyinmacrolid-resistant 
S. aureusinfections.
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