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ABSTRACT

Cetobiproleκisκaκbroad−spectrumκcephalosporinκwithκpotentκactivityκagainstκstaphylococci,κinclud−
ingκthoseκresistantκtoκoxacillin,κasκwellκasκagainstκmostκGram−negativeκbacilliκincludingκPseudomonas 
aeruginosa.κ Inκ thisκ study,κ theκ inκ vitroκ activityκ ofκ cetobiproleκ andκ comparatorκ agentsκ wasκ testedκ
againstκbacterialκ isolatesκrecentlyκcollectedκfromκBrazilianκprivateκhospitals.κAκtotalκofκ336κuniqueκ
bacterialκisolatesκwereκcollectedκfromκhospitalizedκpatientsκbetweenκFebruaryκ2008κandκAugustκ2009.κ
Eachκhospitalκwasκaskedκtoκsubmitκ100κsingleκbacterialκisolatesκresponsibleκforκcausingκblood,κlow−
erκ respiratoryκ tractκ orκ skinκ andκ sotκ tissueκ infections.κ Bacterialκ identiicationκ wasκ conirmedκ andκ
antimicrobialκ susceptibilityκ testingκ wasκ performedκ usingκ CLSIκ microdilutionκ methodκ atκ aκ centralκ
laboratory.κheκCLSIκM100−S21κ (2011)κwasκusedκ forκ interpretationκofκ theκantimicrobialκ suscepti−
bilityκresults.κAmongκtheκ336κpathogensκcollected,κ255κ(75.9%)κwereκGram−negativeκbacilliκandκ81κ
(24.1%)κwereκGram−positiveκcocci.κAlthoughκcetobiproleκMIC50κvaluesκforκoxacillinκresistantκstrainsκ
wereκtwo−foldκhigherκthanκforκmethicillinκsusceptibleκS. aureus,κcetobiproleκinhibitedκ100%κofκtestedκκ
S. aureusκatκMICsκ≤κ4κμg/mL.κPolymyxinκBκwasκtheκonlyκagentκtoκshowκpotentκactivityκagainstκAcine-
tobacterκspp.κ(MIC50/90,κ0.5/1κμg/mL),κandκP. aeruginosaκ(MIC50/90,κ1/2κμg/mL).κResistanceκtoκbroad−
spectrumκcephalosporinsκvariedκfromκ55.3−68.5%κandκ14.3−28.5%κamongκE. coliκandκKlebsiellaκspp.κ
isolates,κrespectively;κwithκcetobiproleκMIC50κ>κ6κμg/mLκforκbothκspecies.κOurκresultsκshowedκthatκ
cetobiproleκhasκpotentκactivityκagainstκstaphylococciκandκE. faecalis,κwhichκwasκsuperiorκtoκthatκofκ
vancomycin.κOurκdataκalsoκindicatesκthatκcetobiproleκdemonstratedκpotencyκcomparableκtoκthatκ
ofκcefepimeκandκcetazidimeκagainstκkeyκGram−negativeκspecies.
Keywords:κcephalosporins;κBrazil;κGram−negativeκaerobicκbacteria;κmethicillin−resistantκStaphy-
lococcus aureus.

INTRODUCTION 

Fourth−generationκ cephalosporinsκ repre−

sentκ aκ valuableκ additionκ toκ theκ therapeu−

ticκ armamentariumκ sinceκ theyκ haveκ dem−

onstratedκ activityκ againstκ Gram−negativeκκ

bacilli,κ includingκ Enterobacteriaceaeκ and,κ

asκ wellκ asκ Gram−positiveκ cocciκ suchκ asκ Strep-

tococcus pneumoniaeκ andκ methicllin−suceptibleκ

staphylococci.κ However,κ theκ lackκ ofκ activityκ

againstκ methicillin−resistantκ staphylococciκ

andκ extended−spectrumκ beta−lactamasesκ

(ESBL)−producingκisolatesκhasκlimitedκwiderκ

clinicalκ use.1,2κ Accordingκ toκ theκ mostκ recentκ

SENTRYκ dataκ report,κ Staphylococcus aureusκ

(20.2%)κ andκ coagulase−negativeκ staphylo−

cocciκ(CoNS;κ14.5%)κrankedκasκtheκfirstκandκ

secondκ causeκ ofκ bloodstreamκ infectionsκ inκ

Brazilianκhospitalsκbetweenκ2005κandκ2008.3κ

S. aureusκ wasκ alsoκ theκ mostκ commonκ causeκ

ofκ skinκ andκ softκ tissueκ infectionsκ (28.1%)κ

andκwasκisolatedκfromκ24.9%κofκpatientsκwithκ

pneumonia.κ Inκ thatκ study,κ 31.0%κ andκ 78.7%κ

ofκS. aureusκandκCoNSκshowedκresistanceκtoκ

methicillin.κTheκlimitedκnumberκofκapprovedκ

drugsκ withκ activityκ againstκ multidrug−re−

sistantκbacteriaκ suchκasκmethicillin−resistantκ

S. aureusκ(MRSA)κhasκincreasedκtheκdemandκ

forκ newκ agentsκ withκ aκ novelκ mechanismκ ofκ

actionκ orκ anκ abilityκ toκ overcomeκ bacterialκκ

resistance.

Cetobiproleκisκaκpyrrolidinone−3−ylidene−

methylκcephalosporinκwithκaκbroad−spectrumκ

ofκ activityκ againstκ Gram−positiveκ cocciκ andκ

Gram−negativeκ bacilli.4−6κ Theκ bindingκ ofκ

ceftobiproleκ toκ penicillin−bindingκ proteinsκ Este é um artigo Open Access sob
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(PBPs)κisκaκcriticalκdeterminantκofκitsκantibacterialκactiv−

ity.4κ Ceftobiproleκ demonstratedκ potentκ bindingκ toκ PBPsκ

fromκ Gram−positiveκ bacteria,κ includingκ thoseκ withκ de−

creasedκβ−lactamκsensitivity,κsuchκasκPBP2aκinκMRSAκandκ

PBP2xκ inκ penicillin−resistantκ S. pneumoniaeκ (PRSP),κ inκ

contrastκ toκ ceftriaxone.κ Inκ Escherichia coli,κ ceftobiproleκ

exhibitedκstrongκbindingκtoκtheκessentialκPBPs,κPBP2κandκ

PBP3.κItκalsoκexhibitedκaκbindingκprofileκsimilarκtoκthoseκ

ofκcefepimeκandκceftazidimeκinκP. aeruginosaκbutκwithκen−

hancedκbindingκ toκPBP2.κTheseκbindingκprofilesκexplainκ

theκbroad−spectrumκactivityκforκceftobiprole.5κInκaddition,κ

inκsingle−stepκandκserialκpassageκin vitroκresistanceκdevel−

opmentκstudies,κceftobiproleκdemonstratedκaκlowκpropen−

sityκtoκselectκforκresistantκsubpopulations.7,8κTheκpurposeκ

ofκthisκstudyκwasκtoκassessκtheκin vitroκactivityκofκceftobi−

proleκandκcomparatorκagentsκagainstκGram−positiveκcocciκ

andκGram−negativeκbacilli,κrecentlyκisolatedκfromκpatientsκ

ofκBrazilianκprivateκhospitals.

MATERIAL AND METHODS

Participant medical centers

FourκprivateκhospitalsκparticipatedκofκtheκINVITA−A−CEFTOκ

BrazilianκStudy.κheκmedicalκcentersκwereκ locatedκ inκ fourκ

distinctκBrazilianκcities,κBeloκHorizonte,κSãoκPaulo,κRioκdeκ

Janeiroκ andκ Sãoκ Luís.κ Selectionκ ofκ theκ participantκ medi−

calκcentersκwasκbasedκonκtheκcriteriaκthatκtheyκshouldκhaveκ

preferentiallyκ≥κ200κbeds,κatκleastκoneκadultκintensiveκcareκ

unitκandκ locatedκ inκcitiesκwithκmoreκthanκoneκmillionκ in−

habitants.κ

Bacterial isolates

Aκtotalκofκ336κconsecutiveκisolatesκofκGram−positiveκcocciκ

andκGram−negativeκbacilliκwasκsubmittedκbetweenκFebru−

aryκ2008κandκAugustκ2009.κEachκmedicalκcenterκwasκguid−

edκbyκprotocolκtoκsubmitκGram−positiveκcocciκandκGram−

negativeκ bacilliκ collectedκ fromκ patientsκ withκ diagnosisκ ofκ

pneumoniaκ (40κ isolatesκ beingκ fromκ 20κ ventilator−assistedκ

patients),κ bloodstreamκ infectionsκ (40κ isolates)κ andκ skinκ

andκ sot−tissueκ infectionsκ (20κ isolates),κ accordingκ toκ theκ

CentersκforκDiseaseκControlκandκPreventionκ(CDC)κdeini−

tions.9κ Oneκ isolateκ perκ patientκ wasκ evaluated.κ Allκ isolatesκ

wereκ identiiedκ atκ theκ participatingκ institutionκ byκ routineκ

methodologiesκ inκuseκatκ eachκ laboratory.κUponκreceiptκ atκ

theκcentralκlaboratoryκ(UNIFESP,κSãoκPaulo),κisolatesκwereκ

subculturedκ toκ ensureκ viabilityκ andκ purity.κ Conirmationκ

ofκspeciesκidentiicationκwasκperformedκwithκtheκBDκPhoe−

nix™κ Automatedκ Microbiologyκ Systemκ (BDκ Diagnostics,κ

MD,κUSA)κorκconventionalκmethods,κasκrequired.κ

Susceptibility testing

Antimicrobialκsusceptibilityκtestingκwasκperformedκbyκtheκ

brothκmicrodilutionκmethod,κfollowingκrecommendationsκ

ofκtheκClinicalκandκLaboratoryκStandardsκInstituteκ(CLSI).10κ

Antimicrobialκpowdersκwereκobtainedκfromκtheκrespectiveκ

manufacturersκandκmicrodilutionκplatesκwereκpreparedκbyκ

TREKκ Diagnosticsκ (Westκ Sussex,κ England).κ Susceptibil−

ityκ resultsκ wereκ interpretedκ accordingκ toκ CLSIκ documentκ

M100−S2111κforκallκcomparisonκagentsκexceptκforκdoripen−

em,12κ tigecycline13κ andκ cetobiprole.14κ Qualityκ controlκ wasκ

performedκ byκ testingκ E. coliκ ATCCκ 25922;κ P. aeruginosaκ

ATCCκ27853;κS. aureusκATCCκ29213κandκE. faecalisκATCCκ

29212.

RESULTS

Aκ totalκ ofκ 336κ isolatesκ wereκ collectedκ asκ partκ ofκ theκκ

INVITA−A−CEFTOκ Brazilianκ Studyκ betweenκ Febru−

aryκ2008κandκAugustκ2009.κOfκ those,κ225κ(75.9%)κandκ81κ

(24.1%)κwereκclassiiedκasκGram−negativeκandκGram−pos−

itive,κ respectively.κ heκ bacterialκ isolatesκ wereκ collectedκ

mainlyκfromκpatientsκdiagnosedκwithκbloodstreamκ(38.4%),κ

lowerκ respiratoryκ tractκ (39.9%)κ andκ skinκ andκ sotκ tissueκ

(21.7%)κinfections.κheκfrequencyκofκisolatesκcollected,κac−

cordingκtoκinfectionκtypeκandκmedicalκcentersκisκshownκinκκ

Tableκ 1.κ heκ mostκ frequentκ genera/speciesκ collectedκ wereκκ

Table 1. Frequencies of isolates collected by the INVITA-A-CEFTO study according to type of infection and  

medical center

 Medical center  Bloodstream Respiratory tracts Skin and soft tissue Total

 (city/state) infections infections infection

01 (São Paulo, SP) 40 34 20 94 (28.0%)

02 (Rio de Janeiro, RJ) 38 39 20 97 (28.9%)

03 (Belo Horizonte, MG) 24 21 15 60 (17.9%)

04 (São Luis, MA)  27 40 18 85 (25.3%)

Total  129 (38.4%) 134 (39.9%) 73 (21.7%) 336 (100%)

CetobiproleκactivityκagainstκBrazilianκisolates
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Pseudomonasκ spp.κ (28.6%);κ Klebsiellaκ spp.κ (12.2%);κκ

S. aureusκ (10.7%);κ Acinetobacterκ spp.κ (8.9%);κ E. coliκ

(8.3%)κ andκ coagulaseκ negativeκ staphylococciκ (CoNS,κ

6.8%).κTheκfrequencyκofκoccurrenceκofκallκpathogensκcol−

lectedκisκshownκinκTableκ2.

Antimicrobialκ activityκ ofκ theκ testedκ agentsκ andκ theκ

susceptibilityκ proileκ ofκ theκ mostκ frequentκ Gram−negativeκ

isolatesκareκshownκinκTableκ3.κCetobiproleκshowedκsimilarκ

activityκtoκthatκdisplayedκbyκcefepimeκagainstκP. aeruginosa,κκ

K. pneumoniae,κA. baumannii,κE. coliκandκEnterobacterκspp.κ

P. aeruginosaκ showedκ theκ highestκ ratesκ ofκ susceptibil−

ityκ towardsκ polymyxinκ Bκ (98.9%),κ amikacinκ (59.1%)κ andκ

piperacillin/tazobactamκ (58.1%)κ (Tableκ 3).κ Amongκ theκ

cephalosporins,κ slightlyκ greaterκ percentageκ ofκ isolatesκ

wasκinhibitedκatκMICsκ≤κ8κμg/mLκbyκceftazidimeκ(48.4%)κ

orκcefepimeκ(47.8%)κthanκbyκceftobiproleκ(36.8%).κCefto−

biproleκ andκ ceftriaxoneκ inhibitedκ 36.8%κ ofκ K. pneumo-

niaeκ isolatesκ atκ concentrationsκ ≤κ8κ μg/mL.κAgainstκ thisκ

species,κ ceftobiproleκ activityκ wasκ comparableκ toκ thatκ

displayedκ byκ cefepimeκ (39.5%),κ butκ lowerκ thanκ thatκ ofκ

ceftazidimeκ (44.7%,κ Tableκ 4).κ Amongκ theκ carbapen−

ems,κmeropenemκ(76.3%κsusceptibility)κandκdoripenemκ

(73.7%κ susceptibility)κ showedκ remarkableκ susceptibil−

ityκ rates,κ followedκ byκ imipenemκ (68.4%κ susceptibility).κ

Moreover,κ imipenemκ (MIC90,κ 4κ μg/mL)κ wasκ two−foldκ

moreκ potentκ thanκ meropenemκ (MIC90,κ 8κ μg/mL)κ andκ

doripenemκ(MIC90,κ8κμg/mL)κagainstκK. pneumoniaeκiso−

lates.κAllκtestedκK. pneumoniaeκisolatesκwereκsusceptibleκ

toκ tigecycline.κ Levofloxacinκ resistanceκ wasκ observedκ inκ

47.4%κofκK. pneumoniaeκisolates.

Allκ testedκ A. baumanniiκ isolatesκ wereκ susceptibleκ toκ

tigecyclineκ (MIC90,κ 0.5κ μg/mL)κ andκ polymyxinκ Bκ (MIC90,κκ

≤κ0.5κμg/mL).κCetobiproleκhadκMIC50/90,κ>κ6κμg/mLκasκdidκ

cefepimeκandκcetazidime.κ

heκpotencyκofκcetobiproleκ(MIC50,κ0.5κμg/mL)κwasκiden−

ticalκtoκthoseκdisplayedκbyκcetazidimeκ(MIC50,κ0.5κμg/mL)κκ

andκ cefepimeκ (MIC50,κ 0.5κ μg/mL)κ amongκ E. coliκ isolates.κ

AgainstκEnterobacterκspp.,κcefepimeκ(MIC50,κ≤κ0.12κμg/mL)κκ

wasκatκleastκtwo−foldκandκfour−foldκmoreκactiveκthanκceto−

biproleκ (MIC50,κ 0.25κ μg/mL)κ andκ cetazidimeκ (MIC50,κκ

0.5κμg/mL),κrespectively.κNevertheless,κtheκhighestκin vitroκ

activityκ forκ cetobiproleκwasκobservedκ forκ thisκgenus.κAp−

proximatelyκ68%κandκ76%κofκE. coliκandκEnterobacterκspp.,κ

respectively,κ wereκ inhibitedκ byκ cetobiproleκ atκ 8κ μg/mLκκ

(Tableκ4).κ

heκ activityκ ofκ cetobiproleκ andκ otherκ antimicrobialκ

agentsκ testedκ againstκ Gram−positiveκ isolatesκ isκ shownκ inκκ

Tablesκ5κandκ6.κOverall,κ33.3%κofκS. aureusκisolatesκwereκre−

sistantκtoκoxacillin.κCetobiproleκwasκtwo−foldκmoreκpotentκ

againstκoxacillin−susceptibleκS. aureusκ(MIC50,κ0.5κμg/mL)κκ

thanκ oxacillin−resistantκ S. aureusκ (MIC50,κ 1κ μg/mL).κ Allκκ

S. aureusκstrainsκwereκinhibitedκbyκconcentrationsκofκceto−

biproleκ≤κ4κμg/mL.κAgentsκprovidingκtheκhighestκcoverageκ

againstκallκS. aureusκincludedκvancomycinκ(MIC50,κ1κμg/mL;κ

100%κ susceptible),κ teicoplaninκ (MIC50,κ ≤κ 2κ μg/mL;κ 100%κ

susceptible),κlinezolidκ(MIC50,κ4κμg/mL;κ97.2%κsusceptible)κ

andκ tigecyclineκ (MIC50,κ 0.25κ μg/mL;κ 97.2%κ susceptible).κ

Tigecyclineκ (MIC50,κ0.25κμg/mL;κ100%κsusceptibility)κ fol−

lowedκbyκcetobiproleκ(MIC50/90,κ1κandκ8κμg/mL)κwereκ theκ

mostκactiveκagentsκtestedκagainstκCoNSκisolates.κAtκ2κμg/mL,κκ

cetobiproleκ inhibitedκ 95.7%κ ofκ CoNSκ isolatesκ (Tableκ 6).κ

OnlyκaκsingleκCoNSκisolateκshowedκaκcetobiproleκMICκofκ

8κμg/mL.

Cetobiproleκ(MIC50/90,κ0.5κandκ16κμg/mL)κinhibitedκtheκ

growthκofκ88.9%κofκtheκE. faecalisκisolatesκatκconcentrationsκκ

Table 2. Frequency of isolates collected by the 

INVITA-A-CEFTO Brazilian Study

Microorganism Number of isolates (%)

Pseudomonas spp.a 96 (28.6)

Klebsiella spp.b 41 (12.2)

Staphylococcus aureus 36 (10.7)

Acinetobacter baumannii 30 (8.9)

Escherichia coli 28 (8.3)

Staphylococcus coagulase negativac 23 (6.8)

Enterobacter spp.d 21 (6.3)

Enterococcus faecalis 18 (5.4)

Serratia spp.e 17 (5.1)

Morganella morgannii 4 (1.2)

Proteus mirabilis 4 (1.2)

Providencia stuartii 4 (1.2)

Streptococcus spp.f 4 (1.2)

Stenotrophomonas maltophilia 3 (0.9)

Burkholderia cepacea 2 (0.6)

Achromobacter xylosoxidans 1 (0.3)

Aeromonas hydrophila 1 (0.3)

Citrobacter koseri 1 (0.3)

Cryseobacterium gleum 1 (0.3)

Moraxella spp. 1 (0.3)

Total 336

aP. aeruginosa (94), P. putida (1), P. fluorescens (1).
bK. pneumoniae (38), K. oxytoca (3).
cS. epidermidis (15), S. haemolyticus (2), S. hominis (2),  
S. capitis (1), Staphylococcus spp. (3).
dE. cloacae (10), E. aerogenes (9), E. cancerogenus (1),  
E. sakazakii (1). Recentely, E. sakazakii was called Cronobac-
ter sakazakii.
eS. marcescens (14), S. plymuthica (3).
fS. mitis (1), S. agalactiae (3). 

Cereda,κAzevedo,κGirardelloκetκal.

Braz J Infect Dis 2011; 15(4):339-348



342

Table 3. In vitro activity of ceftobiprole in comparison to selected antimicrobial agents tested against the main 

Gram negative pathogens collected by the INVITA-A-CEFTO Brazilian Study

Organism/                     MIC (µg/mL)

Antimicrobial agentsa MIC50 MIC90 Susceptible (%) Resistant (%)

P. aeruginosa (94) 

 Ceftobiprole > 16 > 16 15.1c 84.9c

 Ceftazidime 16 > 16 48.4 45.2

 Cefepime 16 > 16 47.3 43.0

 Aztreonam 16 > 16 32.3 50.5

 Piperaracillin/Tazobactam 64 > 64 58.1 41.9

 Doripenemb 4 > 16 40.9 -f

 Meropenem 8 > 8 43.6 46.8

 Imipenem 8 > 8 43.0 44.1

 Ciprofloxacin > 2 > 2 37.6 59.1

 Levofloxacin > 4 > 4 34.4 59.1

 Amikacin 16 > 32 59.1 37.6

 Polymyxin B 1 2 98.9 1.1 

K. pneumoniae (38)    

 Ceftobiprole > 16 > 16 31.6c 68.5c

 Cefoxitin 8 > 16 60.5 31.6

 Ceftriaxone > 32 > 32 28.9 68.5

 Ceftazidime > 16 > 16 42.1 55.3

 Cefepime > 16 > 16 39.5 57.9

 Aztreonam > 16 > 16 42.1 55.3

 Piperaracillin/Tazobactam 64 > 64 39.5 52.6

 Doripenemb 0.25 8 73.7 23.6

 Meropenem 0.12 8 76.3 21.1

 Imipenem 1 4 68.4 13.2

 Ciprofloxacin > 2 > 2 34.2 63.2

 Levofloxacin 4 > 4 39.5 47.4

 Amikacin 8 32 84.2 2.6

 Polymyxin Be ≤ 0.5 1 100.0 0.0

 Tigecyclineb 1 2 100.0 0.0

A. baumannii (30)    

 Ceftobiprole > 16 > 16 20.0c 80.0c

 Ceftriaxone > 32 > 32 6.7 66.7

 Ceftazidime > 16 > 16 40.0 56.7

 Cefepime > 16 > 16 26.7 73.3

 Piperaracillin/Tazobactam > 64 > 64 16.7 76.7

 Doripenemb > 16 > 16 23.3 -f

 Meropenem > 8 > 8 23.3 76.7

 Imipenem > 8 > 8 23.3 76.7

 Ciprofloxacin > 2 > 2 20.0 80.0

 Levofloxacin > 4 > 4 20.0 76.7

 Amikacin > 32 > 32 43.3 56.7

 Polymyxin B ≤ 0.5 1 100.0 0.0

 Tigecyclineb 0.5 2 100.0 0.0

CetobiproleκactivityκagainstκBrazilianκisolates

(Cont.)
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Table 3. In vitro activity of ceftobiprole in comparison to selected antimicrobial agents tested against the main 

Gram negative pathogens collected by the INVITA-A-CEFTO Brazilian Study

Organism/                     MIC (µg/mL)

Antimicrobial agentsa MIC50 MIC90 Susceptible (%) Resistant (%)

E. coli (28)    

 Ceftobiprole 0.5 > 16 57.1c 39.2c

 Cefoxitin ≤ 4 > 16 82.1 14.3

 Ceftriaxone 1 > 32 64.3 28.5

 Ceftazidime 0.5 16 78.6d 17.8

 Cefepime 0.5 > 16 78.6 14.3

 Aztreonam ≤ 1 > 16 75.0 14.3

 Piperaracillin/Tazobactam 4 16 92.9 7.1

 Doripenemb ≤ 0.12 1 96.4 3.57

 Meropenem ≤ 0.12 0.25 100.0 0.0

 Imipenem 0.25 2 89.3 0.0

 Ciprofloxacin 2 > 2 46.4 50.0

 Levofloxacin 2 > 4 50.0 46.4

 Amikacin ≤4 > 32 85.7 10.7

 Polymyxin Be ≤ 0.25 1 100.0 0.0

 Tigecyclineb 0.25 1 100.0 0.0

Enterobacter spp. (21)    

 Ceftobiprole 0.25 > 16 76.2c 23.8c

 Ceftriaxone  1 > 32 71.4 28.6

 Ceftazidime 0.5 > 16 76.2 23.8

 Cefepime ≤ 0.12 > 16 76.2 23.8

 Aztreonam ≤ 1 > 16 66.7 28.6

 Piperaracillin/Tazobactam 4 > 64 76.2 19.0

 Doripenemb 0.5 2 85.7 9.52

 Meropenem 0.12 1 90.5 0.0

 Imipenem 4 4 28.6 57.2

 Ciprofloxacin ≤ 0.25 > 2 81.0 19.0

 Levofloxacin ≤ 0.5 > 4 81.0 19.0

 Amikacin ≤ 4 16 90.5 9.5

 Polymyxin Be 1 > 4 71.4 23.8

 Tigecyclineb 0.5 2 95.2 0.0

aMIC determined according CLSI (2009) recommendations.
bResistance rates calculated according CLSI M100-S21 document (2011), except for doripenem and tigecycline, which were calcu-

lated according the FDA criteria.
cInterpretative criteria according to Rossolini et al.14

dAccording to breakpoints established by CLSI for P. aeruginosa (≤ 2 µg/mL for susceptibility and ≥ 8 µg/mL for resistance).
eAccording P. aeruginosa breakpoint, CLSI 2009 recommendations.
fInterpretative criteria not established by CLSI or FDA.

Cereda,κAzevedo,κGirardelloκetκal.

Braz J Infect Dis 2011; 15(4):339-348
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ofκ1κμg/mLκevenκthoughκenterococciκareκgenerallyκnotκinhib−

itedκbyκcephalosporins.κOnlyκtwoκ(20.2%)κE. faecalisκstrainsκ

isolatedκ fromκ aκ singleκ medicalκ centerκ presentedκ ceftobi−

proleκ MICsκ ≥κ 16κ μg/mLκ (dataκ notκ shown).κ Amongκ theκκ

E. faecalisκ isolatesκ tested,κ94.4%κwereκsusceptibleκ toκam−

picillin,κ vancomycinκ andκ teicoplanin,κ representingκ theκ

highestκsusceptibleκratesκ(Tableκ5).κOneκlinezolid−resistantκ

E. faecalisκisolateκ(5.6%)κwasκisolatedκfromκaκpatientκdiag−

nosedκwithκskinκandκsoftκtissueκinfection.

DISCUSSION 

Theκaimκofκthisκstudyκwasκtoκassessκtheκactivityκofκceftobi−

prole,κaκnewκbroad−spectrumκcephalosporin,κagainstκcon−

temporaryκGram−positiveκandκGram−negativeκpathogensκ

collectedκfromκpatientsκhospitalizedκatκfourκdistinctκBra−

zilianκmedicalκcenters,κasκpartκofκtheκINVITA−A−CEFTOκ

BrazilianκStudy.κ

Ceftobiproleκ wasκ highlyκ potentκ againstκ allκ staph−

ylococcalκ isolates,κ inhibitingκ 100%κ ofκ CoNSκ andκκ

S. aureusκ atκ MICsκ ≤κ 8κ μg/mLκ andκ ≤κ 4κ μg/mL,κ respec−

tively.κ MIC90κ valuesκ forκ MRSAκ wereκ eight−foldκ high−

erκ thanκ thoseκ forκ MSSAκ isolatesκ (Tableκ 5).κ Theseκ re−

sultsκ wereκ similarκ toκ thoseκ previouslyκ reported.7,15,16κ

Althoughκ cephalosporinsκ areκ generallyκ inactiveκ againstκ

E. faecalis,κ ceftobiproleκ inhibitedκ 88.9%κ atκ MICsκκ

≤κ4κμg/mL.

Ceftobiproleκ showedκ similarκ potencyκ toκ thoseκ

ofκ 3th−κ andκ 4th−generationκ cephemsκ (MIC50κ values,κκ

0.25κ≥κ16κμg/mL)κforκtheκmainκEnterobacteriaceaeκspe−

cies.κ Allκ cephaloporinsκ demonstratedκ poorκ activityκ

againstκ K. pneumoniaeκ (28.9−42.1%κ susceptible).κ Thisκ

factκ couldκ beκ explainedκ byκ theκ probableκ highκ rateκ ofκκ

ESBL−producingκ K. pneumoniaeκ isolatesκ inκ Brazilianκ

hospitalsκ andκ sinceκ ceftobiproleκ isκ hydrolyzedκ byκ classκ

A,κB,κandκDκextended−spectrumκbeta−lactamases,κbutκnotκ

byκ classκ Cκ enzymes,κ asκ previouslyκ reported.17κ Ceftobi−

prole,κ likeκcefepime,κ isκaκweakκinducerκandκaκpoorκsub−

strateκforκAmpCκβ−lactamases.1,17

Ceftobiproleκ likeκ ceftazidimeκ andκ cefepimeκκ

(MIC50/90κ ≥κ 16κ μg/mL,κ Tableκ 3)κ showedκ poorκ in vit-

roκ activityκ againstκ P. aeruginosaκ andκ Acinetobac-

terκ spp.κ isolates.κ Polymyxinκ wasκ theκ onlyκ antimi−

crobialκ agentκ toκ showκ goodκ activityκ againstκ bothκκ

P. aeruginosaκ andκ Acinetobacterκ spp.κ isolates.κ Theκ el−

evatedκ carbapenemκ resistanceκ ratesκ noticedκ amongκκ

P. aeruginosaκandκAcinetobacterκspp.κtestedκinκthisκstudyκ

couldκbeκpossiblyκattributedκtoκtheκspreadκofκclonesκthatκ

produceκ SPM−1κ andκ OXA−23,κ respectively,κ inκ Brazilianκ

hospitals,κasκnoticedκbefore.18,19

Despiteκtheκlowκnumberκofκisolatesκcollected,κtheκre−

sistanceκratesκtoκoxacillinκamongκstaphylococciκappearedκ

toκ beκ similarκ toκ thoseκ previouslyκ reportedκ inκ aκ Brazil−

ianκstudy.3κCuriously,κ theκantimicrobialκ resistanceκratesκ

CetobiproleκactivityκagainstκBrazilianκisolates

Table 4. Comparisons of cephalosporins tested against the major Gram-negative isolates collected by the 

INVITA-A-CEFTO Brazilian Study 

Organism (n) Antimicrobial       Cumulative % inhibited at MIC (µg/mL) 

 agents 0.12 0.25 0.5 1 2 4 8 16 32

P. aeruginosa (94) Ceftobiprole   1.1 2.1 6.3 14.7 36.8 45.3 100.0 

 Cefepime     5.3 30.5 47.8 56.8 100.0 

 Ceftazidime    2.1 7.4 35.8 48.4 54.7 100.0

K. pneumoniae (38) Ceftobiprole 21.1 28.9  31.6   36.8  100.0 

 Cefepime  28.9 34.2  36.8  39.5 42.1 100.0 

 Ceftazidime  21.1 28.9 34.2 39.5 42.1 44.7 100.0 

 Ceftriaxone 26.3  28.9  31.6  36.8 100.0 

A. baumannii (30) Ceftobiprole  10.0 16.7  20.0   30.0 100.0 

 Cefepime  3.3  10.0 20.0 23.3 26.7  100.0 

 Ceftazidime    3.3 6.7 26.7 40.0 43.3 100.0 

 Ceftriaxone     3.3  6.7 33.3 40.0

E. coli (28) Ceftobiprole  7.1 50.0 57.1  60.7 67.9  100.0 

 Cefepime  46.4 50.0  64.3 71.4 78.6 85.7 100.0 

 Ceftazidime  39.3 57.1 64.3 71.4 78.6 82.1 92.9 100.0 

 Ceftriaxone 7.1 60.7 89.3 92.9 100.0    

Enterobacter spp. (21) Ceftobiprole  66.7 76.2      100.0 

 Cefepime  61.9 71.4    76.2  100.0 

 Ceftazidime  38.1 71.4 76.2     100.0 

 Ceftriaxone  47.6  71.4  76.2   100.0
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Table 5. In vitro activity of ceftobiprole in comparison to selected antimicrobial agents tested against the main 

Gram-positive pathogens collected by the INVITA-A-CEFTO Brazilian Study 

Organism/ Antimicrobial agent                              MIC (µg/mL)a

  MIC50 MIC90 Susceptible (%)b Resistant (%)b

Enterococcus faecalis (18) 

 Ceftobiprole 0.5 16 88.9d 11.1d

 Penicillin 4 > 8 88.9 11.1

 Ampicillin 1 2 94.4 5.6

 Erythromycin > 4 > 4 5.6 61.1

 Gentamicin > 8 > 8 66.7c 33.3c

 Linezolid 2 > 4 83.3 5.6

 Levofloxacin 4 > 4 44.4 44.4

 Tigecycline 0.25 0.5 66.7 -e

 Vancomycin 2 4 94.4 5.6

 Teicoplanin ≤ 2 ≤ 2 94.4 5.6

CoNS (23)    

 Ceftobiprole 1 8 95.7d 4.3d

 Penicillin > 8 > 8 8.7 91.3

 Ampicillin 8 > 8 8.7 91.3

 Oxacillin > 2 > 2 8.7 91.3

 Cephalothin 8 > 16 56.5 39.1

 Ceftriaxone > 32 > 32 26.1 60.9

 Cefepime > 16 > 16 39.1 52.2

 Levofloxacin > 4 > 4 21.7 73.9

 Clindamycin > 2 > 2 26.1 69.6

 Erythromycin > 4 > 4 17.4 73.9

 Gentamicin 2 > 8 56.5 39.1

 Linezolid 2 > 4 82.6 17.4

 Teicoplanin 4 > 16 82.6 17.4

 Vancomycin 2 4 95.7 4.3

 Tigecycline 0.25 0.5 100.0 -e

S. aureus (36)    

 Ceftobiprole 0.5 2 100.0d 0.0d

 Penicillin > 8 > 8 22.2 77.8

 Ampicillin > 8 > 8 19.4 80.6

 Cephalothin ≤ 4 > 16 77.8 16.7

 Ceftriaxone 4 > 32 69.4 13.9

 Cefepime 4 > 16 75.0 13.9

 Clindamycin ≤ 0.25 > 2 77.8 22.2

 Erythromycin 1 > 4 50.0 44.4

 Gentamicin ≤ 1 > 8 77.8 19.4

 Levofloxacin ≤ 0.5 > 4 77.8 22.2

 Linezolid 4 4 97.2 2.8

(Cont.)
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Table 5. In vitro activity of ceftobiprole in comparison to selected antimicrobial agents tested against the main 

Gram-positive pathogens collected by the INVITA-A-CEFTO Brazilian Study 

Organism/ Antimicrobial agent                              MIC (µg/mL)a

  MIC50 MIC90 Susceptible (%)b Resistant (%)b

S. aureus (36)

 Vancomycin 1 2 100.0 0.0

 Teicoplanin ≤ 2 > 16 100.0 0.0

 Tigecycline 0.25 0.5 97.2 -e

 Oxacillin 0.5 > 2 66.7 33.3

S. aureus oxacillin-resistant (12)  

 Ceftobiprole 1 4 100.0d 0.0d

 Penicillin > 8 > 8 8.3 91.7

 Ampicillin > 8 > 8 0 100

 Cephalothin 8 > 16 50.0 41.7

 Ceftriaxone 32 > 32 8.3 41.7

 Cefepime 16 > 16 25.0 41.7

 Clindamycin > 2 > 2 33.3 66.7

 Erythromycin > 4 > 4 8.3 83.3

 Gentamicin 2 > 8 66.7 25.0

 Levofloxacin > 4 > 4 33.3 66.7

 Linezolid 4 4 91.7 8.3

 Vancomycin 2 2 100.0 0.0

 Teicoplanin ≤ 2 > 16 100.0 0.0

 Tigecycline 0.25 0.5 91.7 -e

S. aureus oxacillin-susceptible (24)  

 Ceftobiprole 0.5 0.5 100.0d 0.0d

 Penicillin > 8 > 8 29.2 70.8

 Ampicillin > 8 > 8 29.2 70.8

 Cephalothin ≤ 4 ≤ 4 91.7 4.2

 Ceftriaxone 4 4 100.0 0.0

 Cefepime 2 4 100.0 0.0

 Clindamycin ≤ 0.25 ≤ 0.25 95.8 4.2

 Erythromycin ≤ 0.5 > 4 70.8 25.0

 Gentamicin ≤ 1 > 8 79.2 16.7

 Levofloxacin ≤ 0.5 ≤ 0.5 100.0 0.0

 Linezolid 4 4 100.0 0.0

 Tigecycline 0.25 0.5 100.0 -e

 Vancomycin 1 2 100.0 0.0

 Teicoplanin ≤ 2 ≤ 2 100.0 0.0

aMIC determined according CLSI (2009) recommendations.
bResistance rates calculated according CLSI M100-S21 (2011) document, except for tigecycline, for which the FDA criteria  
was used.
cSusceptible rates calculated considering the high level of gentamicin and streptomicin resistance. 
dInterpretative criteria according to Rossolini et al.14 
eInterpretative criteria not established by CLSI or FDA.
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Table 6. Antimicrobial activity of ceftobiprole tested against E. faecalis, S. aureus, and CoNS isolates collected 

from hospitalized patients as part of the INVITA-A-CEFTO Brazilian Study

Organism (No. tested)                       Cumulative % inhibited at MIC (µg/mL) 

  ≤ 0.12 0.25 0.5 1 2 4 8 ≥ 16

E. faecalis (18)   33.3 61.1 88.9 88.9 88.9 88.9 100.0

CoNS (23)  4.3 17.4 30.4 52.2 95.7 95.7 100.0 

Staphylococcus aureus (SA, 36)   16.7 72.2 83.3 94.4 100.0  

Oxacillin-susceptible SA (24)   25.0 100.0     

Oxacillin-resistant SA (12)     16.7 50.0 83.3 100.0  

observedκamongκGram−negativeκbacilliκisolatesκcollectedκ

fromκprivateκhospitalsκwereκhigherκthanκthoseκprevious−

lyκreportedκbyκotherκsurveillanceκstudiesκthatκevaluatedκ

bacterialκisolatesκmostlyκcollectedκfromκpublic/teachingκ

hospitals.20

hereκhasκbeenκaκdramaticκriseκinκantibioticκresistanceκinκ

theκ hospitalκ settingκ inκ theκ pastκ decade.κ MRSAκ andκ carbap−

enem−resistantκ Gram−negativeκ bacilliκ areκ ofκ particularκ con−

cern.6κhereκ isκanκurgentκneedκ toκexpandκtreatmentκoptionsκ

forκtreatingκinfectionsκcausedκbyκtheseκpathogens.κheκactivityκ

ofκcetobiproleκagainstκtheκS. aureusκandκCoNSκisolatesκstudiedκ

wasκgoodκandκwarrantκcontinuedκevaluationκofκcetobiproleκasκ

therapyκforκsevereκinfections,κincludingκskinκandκsotκtissueκin−

fections,κespeciallyκinκthoseκinstitutions/regionsκwhereκMRSAκ

isκhighlyκprevalent.
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