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Cefepime versus extended spectrum  b-lactamase-producing Enterobacteriaceae
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ABSTRACT

heλ objectiveλ ofλ thisλ studyλ wasλ toλ evaluateλ theλ susceptibilityλ toλ cefepimeλ ofλ aλ largeλ groupλ ofλλ
ESBLjλ producingλ enterobacteriaλ recentlyλ isolatedλ inλ aλ Brazilianλ teachingλ hospitalλ .λ heλ studyλ inj
cludedλ280λstrainsλofλESBLjproducingλenterobacteria,λ isolatedλbetweenλ2005λandλ2008.λheλpresj
enceλ ofλ theλ genesλ blaCTXjM, blaTEM andλ blaSHVλ wasλ determinedλ byλ PCRλ andλ conirmedλ byλ nucleoj
tideλsequencing.λSusceptibilityλtestingλforλcefepimeλwasλperformedλbyλdiscjdifusion,λagarλdilutionλ
methodλandλEjtest®.λAmongλtheλisolates,λ34λ(12.1%)λpresentedλaλcefepimeλinhibitionλzoneλ≥λ21λandλλ
MICλ≤λ8λmg/LλbyλagarλdilutionλandλEjstripλmethods.λheλuseλofλcefepimeλforλtheλtreatmentλofλinfecj
tionsλcausedλbyλESBLjproducingλbacteriaλhasλbeenλcontroversial.λSomeλstudiesλofλPD/PKλshowλtheλ
probabilityλofλachievingλtheλrequiredλPDλparametersλforλcefepime,λwhenλtheλMICsλwereλ<λ8λmg/L,λ
whereasλothersλhaveλreportedλtherapeuticλfailureλwithλtheλsameλMIC.λAdditionalλdataλisλessentialλtoλ
comeλtoλtermsλaboutλtheλreportλandλtreatmentλwithλcefepimeλinλESBLjproducingλorganismsλespej
ciallyλwhenλtheseλmicroorganismsλareλisolatedλfromλsterileλsitesλandλfromλcriticallyλillλpatients.λ
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heλ Clinicalλ Laboratoryλ Standardsλ Instituteλ

(CLSI)λ hasλ recommended,λ inλ theλ periodλ ofλ

2005λ toλ 2009,λ toλ performλ additionalλ testsλ forλ

theλ detectionλ ofλ extendedjspectrumλ betajlacj

tamasesλ (ESBL)λ productionλ amongλ Escheri-

chia coli,λ Klebsiellaλ spp.λ andλ Proteus mirabilisλ

isolates.λ Strainsλ screenedλ asλ ESBLjproducersλ

wereλ reportedλ asλ resistantλ toλ allλ penicillins,λ

cephalosporins,λ andλ monobactams,λ regardj

lessλofλ theλsusceptibilityλtestλresults.λheλextraλ

stepλ requiredλ toλ performλ theseλ testsλ andλ theλ

increasingλ prevalenceλ ofλ ESBLλ amongλ otherλ

Enterobacteriaceaeλhaveλleadλspecialistsλtoλindλ

anλ alternativeλ toλ preventλ misuseλ ofλ cephaloj

sporins.λ Moreover,λ clinicalλ studiesλ haveλ demj

onstratedλ thatλ theλ successλ ofλ cephalosporinλ

therapyλ isλ moreλ relatedλ toλ theλ minimumλ inj

hibitoryλconcentrationλ(MIC)λthanλtoλtheλpresj

enceλ ofλ mechanismsλ ofλ resistanceλ suchλ asλ theλ

ESBLλproduction.λBasedλonλthisλknowledgeλtheλ

Europeanλ Committeeλ onλ Antimicrobialλ Susj

ceptibilityλTestingλ(EUCAST)λandλCLSIλrecomj

mendationsλhaveλbeenλchanged.1,2λInλtheλCLSIλ

guidelineλ M100jS20λ (2010),λ newλ susceptibilj

ityλbreakpointsλwereλproposedλ forλcetriaxoneλλ

(≤λ1λµg/mL),λcefotaximeλ(≤λ1λµg/mL),λcetazij

dimeλ(≤λ4λμλg/mL)λandλaztreonamλ(≤λ4λmg/L),λ

butλnotλforλcefepimeλ(≤λ8λµg/mL).1λAccordingλ

toλthisλdocument,λtheλperformanceλofλadditionj

alλtestsλforλESBLλdetectionλwouldλbeλnoλlongerλ

necessaryλexceptλforλepidemiologicalλorλinfecj

tionλcontrolλpurposes.1,2

Cefepime,λ aλ fourthjgenerationλ cephaj

losporin,λ hasλ beenλ introducedλ intoλ clinicalλ

practiceλ inλ theλ midλ 1990’s.3λ Itλ hasλ beenλ recj

ommendedλ forλ treatmentλ ofλ Enterobacte-

riaceaeλ infectionsλ asλ itλ hasλ rapidλ penetraj

tionλ throughλ theλ outerλ cellλ membraneλ andλ

isλ stableλ againstλ AmpCλ enzymes.λ Cefepimeλ

alsoλ demonstratesλ “in vitro”λ activityλ againstλ

ESBLjproducingλEnterobacteriaceae.λInλaddij

tion,λtheλinoculumλeffectλhasλnotλbeenλcorrej

latedλtoλcefepimeλMICsλinλanimalλmodelsλofλ

ESBLλ infections.4λ Studiesλ inλ animalλ modelsλ

suggestλ thatλ theλcephalosporinλpharmacokij

neticλandλpharmacodynamicλ(pK/pD)λtargetλ

isλsimilarλforλtheλtreatmentλofλESBLjλorλnonj

ESBLjproducingλpathogensλ(50%λTλ>λMIC).λ

OtherλparametersλsuchλasλAUC/MICλ>λ1,654λ

andλCmin/MICλ>λ7.6λalsoλindicatedλgoodλcorj

relationλ withλ clinicalλ cureλ andλ bacteriologij

calλ eradication.λ Accordingλ toλ theseλ studies,λ
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cefepimeλcurrentλtherapeuticλdosagesλwouldλbeλsufficientλ

toλreachλtheλPK/PDλtarget.λInλthisλmanner,λitλwasλnotλnecj

essaryλtoλreduceλcefepimeλsusceptibilityλbreakpoints.5

Theλ prescriptionλ ofλ cefepimeλ forλ theλ treatmentλ ofλ

ESBLλ infectionsλ imposesλaλseriousλclinicalλdilemma.λOnλ

oneλhand,λclinicalλuseλofλcefepimeλprobablyλwouldλreduceλ

carbapenemλ consumption.λ However,λ treatmentλ failureλ

withλcefepimeλhasλbeenλreported,λespecially,λinλnosocomij

alλpneumoniaλdueλtoλESBLjproducingλEnterobacteriaceaeλ

evenλ inλ thoseλ withλ MICsλ ≤λ 8λ mg/L.3λ Inλ addition,λ someλ

pK/pDλ studiesλ showλ thatλ theλ probabilityλ ofλ achievingλλ

theλpK/pDλtargetλwithλcefepimeλisλlowerλwhenλtheλpathj

ogenλ MICsλ variedλ fromλ 1λ toλ 8λ mg/L.λ Inλ theseλ cases,λ toλ

achieveλtheλdesiredλpK/pDλtarget,λcefepimeλshouldλbeλprej

scribedλinλprolongedλorλcontinuousλinfusionλregimens.5

heλmainλobjectiveλofλourλstudyλwasλtoλevaluateλcefepimeλ

susceptibilityλinλaλlargeλgroupλofλESBLjproducingλEnterobac-

teriaceaeλrecentlyλisolatedλatλaλBrazilianλteachingλhospital.

Clinicalλ isolatesλ ofλ ESBLjproducingλ Enterobacteriaceaeλ

(nλ=λ280)λcollectedλfromλdistinctλbodyλsitesλofλpatientsλatλtheλ

HospitalλofλtheλUniversidade Federal do Paraná (HC/UFPR,λ

Curitiba,λSouthernλBrazil)λwereλstudied.λOnlyλaλsingleλreprej

sentativeλofλaλpulsedλieldλgelλelectrophoresisλ(PFGE)λpatternλ

wasλ included.λ Speciesλ identiicationλ wasλ carriedλ outλ usingλ

theλVITEKλsystemλ(bioMérieux,λHazelwood,λMO).λSuscepj

tibilityλ toλcefepimeλwasλdeterminedλbyλdiscjdifusion,λagarλ

dilutionλmethodλandλEjtest®λaccordingλtoλCLSIλguidelines6λ

andλmanufacturer´sλ instructionsλ(BioMerieux,λHazelwood,λ

MO),λrespectively.λESBLλencodedλgenes,λblaCTXjM,λblaTEMλorλ

blaSHVλ wereλ analysedλ byλ polymeraseλ chainλ reactionλ (PCR)λ

andλDNAλsequencing.7λ

heλ cumulativeλ frequencyλ distributionλ ofλ cefepimeλ isλ

shownλ inλ Tableλ 1.λ Amongλ 280λ strainsλ ofλ Enterobacteriaceae,λ

34λ (12.1%)λ isolatesλ showedλ cefepimeλ inhibitionλ zonesλλ

≥λ 21λ mmλ orλ MICsλ ≤λ 8λ µg/mLλ byλ discjdifusionλ andλ agarλ

dilution/Ejtestλ methods,λ respectively,λ andλ wouldλ beλ clasj

siiedλ asλ susceptibleλ toλ cefepime.λ heyλ wereλ isolatedλ fromλ

bloodλ(8),λcerebrospinalλluidλ(2),λperitonealλluidsλ(3)λandλ

urineλ (21)λ ofλ patientsλ hospitalizedλ atλ intensiveλ careλ unitsλ

(12),λsurgicalλwardsλ(9)λandλotherλclinicsλ(13).λK. pneumo-

niaeλ(64.7%)λandλE. cloacaeλ(20.6%)λwereλtheλmostλfrequentλ

speciesλsusceptibleλ toλcefepime.λRegardingλtheλESBLλgenesλ

encodedλ byλ theλ Enterobacteriaceaeλ isolates,λ blaCTXjMj2λ andλ

blaSHVj12λ wereλ theλ mostλ frequentlyλ detectedλ amongλ isolatesλ

susceptibleλtoλcefepimeλasλdepictedλinλFigureλ1.λ

Someλ studiesλ haveλ previouslyλ shownλ thatλ extendedj

spectrumλbetajlactamasesλareλprevalentλ inλmanyλcountriesλ

aroundλ theλ world,λ chielyλ inλ Southλ America.λ Usingλ previj

ousλ CLSIλ guidelines,λ allλ thoseλ isolatesλ wouldλ haveλ beenλ

consideredλcefepimejresistant.λhisλ recommendationλ leadsλ

toλ increasedλ useλ ofλ carbapenemsλ andλ limitedλ theλ useλ ofλ

cefepimeλ inλ ESBLλ infections.λ Ourλ studyλ showsλ thatλ 12.1%λ

ofλtheλESBLjproducingλEnterobacteriaceaeλ testedλwereλsusj

ceptibleλ toλ cefepime.λ hisλ phenotypeλ wasλ foundλ mostλ frej

quentlyλ inλ SHVj12jproducingλ K. pneumoniae;λ however,λ aλ

signiicantλnumberλofλCTXjMjproducingλisolates,λwhichλareλ

Table 1. Minimal Inhibitry concentration of cefepime in ESBL-producing enterobacteria

Microorganisms          Percentage of isolates inhibited at cefepime MIC (mg/L)

 0.06a 0.12b 0.25c 0.5d 1.0e 2.0f 4.0g 8.0h 16.0 32.0 64.0 > 64.0

E. coli - - 4.0 4.0 8.0 8.0 8.0 12.0 36.0 72.0 92.0 100

Klebsiella spp. - 0.8 1.6 1.6 4.9 9.8 13.0 14.6 33.3 53.7 74.0 100

Enterobacter spp. 1.1 1.1 2.2 2.2 3.3 4.4 6.7 7.8 32.2 42.2 54.4 100

Others species - 4.8 4.8 7.1 9.5 11.9 14.3 14.3 45.2 66.7 71.4 100

Total 0.36 1.43 2.50 2.86 5.36 8.21 10.71 12.14 35.0 53.57 68.93 100

cf, cumulative frequency; MIC, minimal inhibitory concentration; --- signs the susceptible breakpoint. Letters a – h represents 
the type of genes found, 1 blaCTX-M-2; b, 1 blaCTX-M-1; 2 blaCTX-M-2; c, 3 blaCTX-M-2; d, 1blaSHV-12; e, 3 blaCTX-M-1; 1 blaCTX-M-2; 1blashv-12; 2blaCTX-

M-2 +blaSHV-12; f, 1 blaCTX-M-2; 3 blaSHV-121 blaCTX-M-9 +blaSHV-5; 3 blaCTX-M-2 + blaSHV-%; g, 2 blaCTX-M-2; 1 blaCTX-M-9; 1 blatem-136; 3 blaSHV-12 ;h, 2 
blaCTX-M-2; 1 blaSHV-5; 1 blaCTX-M-2 +blaSHV-5.

Figure 1: Cefepime susceptible species and groups of ESBL.

ESBL groups
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theλ mostλ prevalentλ inλ Southλ America,λ wasλ alsoλ susceptij

bleλtoλcefepime.λInλotherλgeographicλregions,λwhereλgroupλ

TEMλ orλ SHVλ isλ prevalent,λ theλ cefepimeλ susceptibilityλ

amongλESBLjproducingλ isolatesλmightλbeλevenλhigher.λInλ

NorthλAmerica,λ93.8%λandλ92.0%λofλtheλESBLjproducingλ

E. coliλandλjK. pneumoniae,λ respectively,λwereλsusceptibleλ

toλcefepime.8λInλTaiwan,λLiaoλet al.λreportedλthatλ77%λandλ

73.4%λ ofλ theλ ESBLjproducingλ E. coliλ andλ K. pneumoniaeλ

wereλcefepimeλsusceptible.9λ

Inλ thisλ study,λ 4.8%λ ofλ ESBLjproducingλ enterobacteriaλ

isolatesλhaveλshownλMICλ≤λ1λmg/L.λPK/PDλstudiesλsuggestλ

thatλ successfulλ outcomeλ usingλ conventionalλ regimensλ ofλ

cefepimeλ(50%λTλ>λMIC)λcouldλbeλachievedλforλtreatmentλofλ

infectionsλcausedλbyλsuchλisolates,λregardlessλESBLλproducj

tion.5λMostλauthorsλwouldλconsiderλacceptableλtheλclinicalλ

useλofλcefepimeλinλtheseλconditions.λHowever,λclinicalλoutj

comesλareλcontradictoryλforλ infectionsλcausedλbyλ isolates,λ

inλ whichλ MICsλ variedλ fromλ 1λ toλ 8λ mg/L.λ Forλ infectionsλ

causedλbyλsuchλisolates,λpK/pDλstudiesλhaveλdemonstratedλ

thatλtheλpharmacodynamicλtargetλcouldλbeλachievedλonlyλifλ

theλinfusionλtimeλorλdosageλwereλmodiied.4λInλthisλmanner,λλ

EUCASTλrecommendsλthatλonlyλ isolatesλexhibitingλMICsλ

forλcephalosporins,λincludingλcefepime,λ≤λ1λmg/Lλmustλbeλ

reportedλ asλ susceptibleλ toλ cephalosporins,λ regardlessλ ofλ

ESBLλproduction.2

Severalλ reportsλhaveλ shownλ therapeuticλ failureλwhenλ

theλpatientλhadλreceivedλcefepimeλ forλ treatmentλofλnonj

urinaryλinfectionsλcausedλbyλESBLjproducingλorganisms.λ

Theseλdataλindicateλthatλtheλbodyλsiteλofλinfectionλmightλ

affectλcefepimeλeffectiveness.11λInλourλstudy,λalthoughλmostλ

ofλ theλ ESBLjproducingλ isolatesλ susceptibleλ toλ cefepimeλ

wereλ fromλ urinaryλ tractλ infections,λ 38.2%λ ofλ theseλ isoj

latesλwereλoriginatedλfromλsterileλbodyλsitesλofλ infectionλ

andλ 35%λ wereλ fromλ criticallyλ illλ patients,λ increasingλ theλ

chanceλofλaλpossibleλ therapeuticλ failure.λ Inλaddition,λ theλ

safetyλ ofλ usingλ cefepimeλ hasλ beenλ questioned.λ Aλ metaj

nalysisλstudyλassociatedλtheλuseλofλcefepimeλwithλincreaseλ

inλ theλ mortalityλ rates.12λ Althoughλ thisλ findingλ hasλ beenλ

questionedλbyλsomeλauthors,λotherλstudiesλhaveλreportedλ

manyλuntowardλeffectsλofλthisλdrug.3λTherefore,λtheλprej

scriptionλofλmodifiedλcefepimeλregimensλespeciallyλthoseλ

usingλhigherλdosesλneedλmoreλextensiveλevaluationλbeforeλ

theirλuseλisλencouraged.λ

Atλ thisλ moment,λ itλ wouldλ beλ diicultλ toλ considerλ

cefepimeλ aλ safeλ optionλ forλ treatingλ ESBLλ infections,λ parj

ticularlyλthoseλcausedλbyλisolatesλwithλMICsλbetweenλ1λandλ

8λmg/Lλorλculturedλfromλsterileλsitesλand/orλfromλcriticallyλ

illλpatients.λMoreover,λ theλdiscordanceλbetweenλCLSIλandλ

EUCASTλguidelinesλmayλcauseλconfusionλamongλmicrobij

ologistsλandλinfectiousλdiseasesλspecialists.λWhileλtheλroleλ

ofλcefepimeλinλtheλtreatmentλofλESBLλinfectionsλisλnotλesj

tablishedλbyλclinicalλstudies,λcomplianceλwithλtheλEuropeanλ

guidelinesλseemsλmoreλappropriate.λ
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