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ABSTRACT

heκ objectiveκ ofκ thisκ studyκ wasκ toκ identifyκ riskκ factorsκ forκ bacteremiaκ byκ extended−spectrumκ

β−lactamaseκ (ESBL)−producingκ Escherichia coliκ andκ Klebsiella pneumoniae.κ Retrospectiveκ case−

controlκ studyκ performedκ inκ aκ 450−bedκ acuteκ careκ academicκ tertiaryκ hospitalκ inκ Barcelona,κ Spain.κ

Casesκ includedκ 53κ patientsκ withκ ESBL−producingκ E. coliκ orκ K. pneumoniaeκ bacteremia,κ andκ 159κ

controlsκ withκ non−ESBL−producingκ E. coliκ orκ K. pneumoniaeκ bacteremia.κ Controlsκ wereκ matchedκ

inκ aκ 3:1κ ratioκ toκ caseκ patientsκ accordingκ toκ speciesκ ofκ infectingκ organism,κ age,κ andκ severityκ ofκκ

illnessκinκtheκ24−48hκbeforeκbloodκsampleκcollectionκforκcultureκcalculatedκbyκtheκSimpliiedκAcuteκ

PhysiologyκScoreκ(SAPSκII)κsystem.κPreviousκantimicrobialsκwereκmoreκfrequentlyκadministeredκtoκ

casesκthanκtoκcontrolsκ(56.5%κvsκ17%,κpκ<κ0.001).κBinaryκlogisticκregressionκshowedκthatκtheκnumberκκ

(>κ2)κofκdiferentκfamiliesκofκantimicrobialsκreceivedκwithinκ90κdaysκbeforeκbloodstreamκinfectionκwasκ

theκonlyκpredictorκofκESBL−producingκE. coliκorκK. pneumoniaeκ inκbloodκcultureκ(ORκ=κ2.29,κ95%κκ

CIκ1.35−3.88,κpκ=κ0.002).κConclusion:κPreviousκuseκofκdiferentκfamiliesκofκantimicrobialsκ(moreκthanκ

two)κinκpatientsκwithκbloodstreamκinfectionκcausedκbyκE. coliκorκK. pneumoniaeκincreasedκtheκriskκforκ

ESBL−producingκstrains.κ

Keywords:κbacteremia;κβ−lactamases;κriskκfactors.

Anκincreaseκofκextended−spectrumκβ−lactamaseκ

(ESBL)−producingκ organismsκ isolatedκ fromκ

bloodκ culturesκ hasκ emergedκ inκ recentκ years.1κ

Despiteκ theκ factκ thatκ previousκ useκ ofκ antimi−

crobialκtherapyκhasκbeenκfrequentlyκassociatedκ

withκ theκ identiicationκofκESBL−producingκor−

ganisms,κ thereκ isκ aκ largeκ heterogeneityκ inκ theκ

obtainedκresultsκinκdiferentκstudies,κwhichκmayκ

beκ partiallyκ attributedκ toκ methodologicalκ dif−

ferences.κAκretrospectiveκcase−controlκstudyκinκ

patientsκwithκbloodstreamκinfectionsκcausedκbyκ

ESBL−producingκEscherichia coliκandκKlebsiella 

pneumoniaeκ wasκ carriedκ outκ toκ identifyκ riskκ

factorsκassociatedκwithκtheseκESBLκ−producingκ

organisms.

heκinvestigationκwasκconductedκatκHospi-

tal Universitario del Mar,κaκ450−bedκacuteκcareκ

academicκ tertiaryκ hospitalκ locatedκ inκ Barce−

lona,κSpain.κAκmatchedκcase−controlκstudyκwasκ

designed.κ Allκ caseκ andκ controlκ patientsκ wereκ

retrospectivelyκ identiiedκ throughκ theκ blood−

streamκ infectionκ databaseκ ofκ theκ hospitalκ In−

fectionκ Controlκ Program.κ Allκ patientsκ withκ

bloodstreamκinfectionκforκwhomκcultureκresultsκ

wereκpositiveκforκE. coliκorκK. pneumoniaeκfromκ

Januaryκ 2000κ toκ Decemberκ 2006κ wereκ eligibleκ

forκinclusionκinκtheκstudy.κDesignationκasκaκcaseκ

patientκorκaκcontrolκpatientκwasκbasedκsolelyκonκ

whetherκ theκ infectingκ organismκ wasκ foundκ toκ

demonstrateκESBLκresistanceκorκnot.

Eachκpatientκwasκincludedκasκaκcaseκpatientκ

onlyκonce.κIfκESBL−producingκE. coliκorκK. pneu-

moniaeκ wasκ isolatedκ onκ multipleκ occasions,κ

onlyκtheκirstκepisodeκofκinfectionκwasκconsid−

ered.κControlsκwereκidentiiedκamongκhospital−

izedκ patientsκ withκ bloodstreamκ infectionκ whoκ

wereκinfectedκwithκtheκnon−ESBL−producingκE. 

coliκorκK. pneumoniaeκduringκtheκsameκperiod.κ

Controlsκ wereκ matchedκ inκ aκ 3:1κ ratioκ toκ caseκ

patientsκ accordingκ toκ theκ followingκ variables:κ

speciesκ ofκ infectingκ organism,κ age,κ andκ sever−

ityκofκillnessκinκtheκ24−48hκbeforeκbloodκsampleκ

collectionκforκcultureκcalculatedκbyκtheκSimpli−

iedκAcuteκPhysiologyκScoreκ(SAPSκII)κsystem.2κEste é um artigo Open Access sob
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Forκmissingκvalues,κaκreplacementκwasκcalculatedκusingκtheκ

meanκvalueκofκtheκresultκpreceding,κandκtheκresultκater,κtheκ

missingκone.3

Inκ thoseκ patientsκ inκ whomκ theκ sampleκ wasκ drawnκ forκ

bloodκcultureκonκhospitalκadmission,κ theκSAPSκIIκscoreκonκ

admissionκwasκconsidered.

Nosocomialκ acquisitionκ ofκ infectionκ wasκ consideredκ

whenκ theκ infectionκ occurredκ >κ 48hκ aterκ admissionκ toκ theκ

hospital,κ whileκ community−acquiredκ bacteremiaκ whenκ itκκ

occurredκ<κ48κhκaterκadmissionκtoκtheκhospital.κAcquisitionκ

ofκ infectionκ inκ theκ outpatientκ settingκ wasκ alsoκ consideredκκ

inκ patientsκ withκ bloodstreamκ infectionκ secondaryκ toκ diag−

nosticκorκ therapeuticκproceduresκcarriedκoutκ inκ theκoutpa−

tientκ setting,κ outpatientsκ whoκ wereκ carriersκ ofκ urinaryκ orκ

intravenousκ catheters,κ bloodstreamκ infectionsκ inκ chronicκ

hemodialysisκandκperitonealκdialysisκpatients,κandκbactere−

miasκ occurringκ inκ patientsκ admittedκ toκ nursingκ homesκ orκ

long−termκcareκfacilities.κInfectionκthatκoccurredκ>κ48hκaterκ

admissionκ toκ theκ intensiveκ careκ unitκ (ICU)κ wasκ deinedκ asκ

ICU−acquiredκbacteremia.

Potentialκ riskκ factorsκ forκ ESBL−producingκ E. coliκ orκκ

K. pneumoniaeκ infectionκ wereκ ascertainedκ byκ abstract−

ingκ medicalκ records.κ Dataκ obtainedκ includedκ age,κ sex,κκ

underlyingκillness,κseverityκofκillnessκonκhospitalκadmissionκκ

andκ 24−48hκ beforeκ bloodκ samplingκ forκ cultureκ bothκ calcu−

latedκ byκ theκ SAPSκ IIκ score,κ salientκ featuresκ ofκ theκ patient’sκ

care,κ invasiveκ proceduresκ performedκ withinκ 30κ daysκ priorκ

toκ theκ episodeκ ofκ bacteremia,κ organismsκ isolatedκ withinκ

90κdaysκpriorκtoκtheκepisodeκofκbacteremia,κsiteκofκacquisi−

tionκofκ infection,κsiteκofκ infection,κantimicrobialκsensitivityκκ

patternκ ofκ strainsκ isolatedκ inκ bloodκ culture,κ antimicrobialsκ

administeredκwithinκ90κdaysκpriorκtoκtheκepisodeκofκbacte−

remia,κimmunosuppressiveκtherapy,κempiricalκandκdeinitiveκκ

antimicrobialsκ administeredκ forκ theκ treatmentκ ofκ bactere−

mia,κ andκ crudeκ mortality.κ Severeκ neutropeniaκ wasκ deinedκ

asκ absoluteκ neutrophilκ countκ <κ 500κ neutrophils/μLκ andκκ

absoluteκneutropeniaκasκ<κ100κneutrophils/μL.4κImmunosup−

pressiveκ therapyκ includedκtheκadministrationκofκcorticoids,κκ

cytostaticκagentsκand/orκimmunosuppressantsκwithinκ30κdaysκ

priorκtoκtheκepisodeκofκbacteremia.κAntimicrobialκtreatmentκ

wasκdeinedκasκadequateκwhenκanκactiveκantimicrobialκagentκκ

(asκ determinedκ byκ in vitro susceptibilityκ testing)κ wasκ pre−

scribedκatκappropriateκdoses,κatκappropriateκdosingκintervals,κ

andκbyκ theκcorrectκ route5κ andκwithκ theκcapacityκ toκachieveκ

adequateκconcentrationsκinκtheκinfectiousκfocus.κAntibioticκ

treatmentκwasκdeinedκasκinappropriateκwhenκtheκaforemen−

tionedκdeinitionκwasκnotκmet.

IdentiicationκofκstrainsκofκE. coliκandκK. pneumoniaeκwasκ

determinedκ byκ theκ Vitekκ systemκ (bioMérieux).κ Accordingκ

toκ theκ Clinicalκ andκ Laboratoryκ Standardsκ Instituteκ (CLSI),κ

sensitivityκofκtheκisolatedκstrainsκagainstκoneκofκtheκfollowingκκ

antimicrobialsκwasκassessed:κcefotaxime,κcetriaxone,κcetazi−

dime,κcefpodoxime,κorκaztreonamκwasκinitiallyκdeterminedκ

usingκaκdiskκdifusionκmethodκorκaκbrothκmicrodilutionκas−

sayκbasedκonκtheκminimalκinhibitoryκconcentrationκ(MIC).6κκ

Ifκ resultsκofκ thisκirstκ testκwereκpositive,κ aκphenotypicκ con−

irmatoryκ testκ withκ cefotaximeκ andκ cetazidimeκ aloneκ andκ

inκcombinationκwithκclavulanicκacidκusingκaκdiskκdifusionκ

methodκorκaκmicrodilutionκassayκwasκperformed.κ

Theκ presenceκ ofκ ESBL−producingκ organismsκ wasκκ

conirmedκbyκanκ increaseκofκ>κ5κmmκinκ inhibitionκhaloκofκκ

cefotaximeκ orκ cetazidimeκ aterκ theκ additionκ ofκ clavulanicκ

acidκ byκ theκ diskκ difusionκ method,κ andκ byκ aκ greaterκ thanκ

three−foldκreductionκinκtheκMICsκofκeitherκcetazidimeκorκce−

fotaximeκinκtheκmicrodilutionκassay.

DataκwereκanalyzedκusingκtheκStatisticalκPackageκforκtheκ

Socialκ Sciencesκ (SPSS,κ versionκ 12.0).κ Variablesκ relatedκ toκ

ESBL−producingκE. coliκorκK. pneumoniaeκinκtheκunivariateκ

analysisκforκwhichκaκp−valueκ<κ0.15κwasκfoundκinκtheκcom−

parisonκofκcasesκandκcontrolsκwereκconsideredκforκinclusionκ

inκaκbinaryκlogisticκregressionκmodel,κwithκtheκexceptionκofκ

thoseκpresentingκaκhighκnumberκofκmissingκdata.κInκaddition,κ

certainκkeyκvariablesκbasedκonκaκprioriκhypothesisκorκempiri−

calκknowledgeκbelievedκtoκbeκrelatedκtoκtheκdependentκvari−

ableκwereκalsoκincludedκinκtheκmodel.κAκbackwardκstepwiseκ

selectionκprocedureκwasκusedκwithκtheκlikelihoodκratioκtestκasκ

theκcriterionκforκdeterminingκvariablesκtoκbeκexcludedκ(vari−

ationκ<κ15%).κheκstrengthκofκ theκassociationκbetweenκ theκ

explanatoryκvariablesκinκtheκmodelκandκtheκdependentκvari−

ableκwasκestablishedκbyκoddsκratiosκ(ORs)κandκtheκ95%κconi−

denceκintervalsκ(CIs).κheκhypothesisκthatκtheκlogisticκmodelκ

adequatelyκittedκtheκdataκwasκtestedκbyκmeansκofκtheκgood−

ness−of−itκχ2κtestκandκtheκpredictiveκcapacityκbyκtheκreceiverκ

operatingκ characteristicsκ (ROC)κ curve.κ Survivalκ curvesκ inκ

casesκ andκ controlsκ fromκ isolationκ ofκ ESBL−producingκ andκ

non−ESBL−producingκE. coliκ orκK. pneumoniaeκ untilκ deathκ

andκfromκhospitalκadmissionκuntilκdeathκwereκobtainedκbyκ

theκKaplanκMeierκmethod.

Duringκ theκ studyκ period,κ 4,172κ episodesκ ofκ blood−

streamκ infectionsκ wereκ identiied,κ 1,218κ (29.2%)κ ofκ whichκ

wereκ causedκ byκ E. coliκ andκ 226κ (5.4%)κ byκ K. pneumoniae.κκ

ESBL−producingκE. coliκorκK. pneumoniaeκwereκidentiiedκinκ

42κandκ11κcaseκpatients,κrespectively.κControlsκincludedκ126κ

episodesκofκbloodstreamκinfectionκcausedκbyκE. coliκandκ33κ

byκ K. pneumoniae.κ hereκ wereκ statisticallyκ signiicantκ dif−

ferencesκ betweenκ casesκ andκ controlsκ inκ theκ percentageκ ofκ

males,κpatientsκwithκmalignantκhematologicκdiseases,κurgentκκ

hospitalκ admission,κ ICUκ admission,κ lengthκ ofκ ICUκ stay,κ

mechanicalκventilation,κinvasiveκprocedure,κdaysκwithκcath−

eterκinκplace,κhemodialysis,κuseκofκcorticoidsκandκcytostaticκ

agents,κandκ lengthκofκhospitalκ stay.κMoreover,κcommunity−

acquiredκbacteremiaκwasκsigniicantlyκmoreκfrequentκamongκ

controlsκandκnosocomialκbloodstreamκinfectionκamongκcasesκκ

(Tableκ1).κPrimaryκbacteremiaκwasκconsideredκinκ6κ(11,3%)κ

casesκandκinκ9κ(5.7%)κcontrols,κandκsecondaryκbacteremiaκinκκ

47κ(88.7%)κcasesκandκinκ150κ(94.3%)κcontrols.κMainκsourcesκ

Quirante,κCerrato,κPardos
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Table 1. Demographic, clinical and microbiological characteristics of patients with bloodstream infection due 

to ESBL-producing E. coli or K. pneumoniae (cases) and non- ESBL-producing E. coli or K. pneumoniae (controls)

Data Cases (n = 53) Controls (n = 159) p-value

Men 36 (67.9)* 71 (44.7) 0.004

Age, years, mean (95% CI) 69.1 (64.6-73.6) 71.1 (64.6-73.6) 0.416

Acquisition of infection   < 0.001

 Hospital 25 (47.2) 35 (22.0) 

 Community 19 (35.8) 117 (73.6) 

 ICU 9 (17) 7 (4.4) 

 Hospital admission in the previous 3 months 3 (5.7) 15 (9.4) 0.571

Clinical characteristics   

 Solid tumor 14 (26.4) 39 (24.5) 0.855

 Malignant hematologic disease 9 (17.0) 10 (6.3) 0.026

 Hypertension 22 (41.5) 78 (49.1) 0.427

 Dyslipidemia 4 (7.5) 27 (17) 0.117

 Diabetes mellitus 16 (30.2) 34 (21.4) 0.196

 Chronic obstructive pulmonary disease 8 (15.1) 20 (12.6) 0.643

 Chronic heart failure 1 (1.9) 12 (7.5) 0.193

 Renal failure 11 (20.8) 21 (13.2) 0.190

 Liver dysfunction 3 (5.7) 4 (2.5) 0.370

 Hepatitis C virus (HCV) infection 2 (3.8) 13 (8.2) 0.279

 HIV infection 2 (3.8) 3 (1.9) 0.433

 Renal transplantation 2 (3.8) 2 (1.3) 0.261

SAPS II score, mean (95% CI)   

 On admission 30.5 (28.2-32.7) 28.8 (27.2-30.4) 0.153

 24-48 h before blood sampling 32 (29.6-34.4) 31.2 (28.8-33.2) 0.318

 Urgent hospital admission 40 (75.5) 148 (93.1) 0.002

 Infection-related hospital admission 24 (45.3) 86 (54.1) 0.272

Clinical data before identification of  

causative pathogen in blood culture   

 ICU admission 9 (17.0) 7 (4.4) 0.005

 ICU stay, days, mean (95% CI) 28.1 (16.8-39.5) 13.4 (6.8-20.1) 0.020

 Mechanical ventilation 13 (24.5) 10 (6.3) 0.001

 Days on mechanical ventilation, mean (95% CI) 22.7 (10.8-34.5) 10.5 (2.3-18.7) 0.148

 Days with catheter in place, mean (95% CI) 22.7 (10.8-34.5) 10.5 (2.3-18.7) 0.148

 Carrier of urinary catheter 9 (17.0) 7 (4.4) 0.005

 Carrier of feeding tube 28.1 (16.8-39.5) 13.4 (6.8-20.1) 0.020

 Invasive procedure 13 (24.5) 10 (6.3) 0.001

 Hemodialysis 22.7 (10.8-34.5) 10.5 (2.3-18.7) 0.148

 Corticoids 22.7 (10.8-34.5) 10.5 (2.3-18.7) 0.148

 Cytostatic agents 10 (18.9) 11 (6.9) 0.017

 Immunosuppressants 2 (3.8) 3 (1.9) 0.601

 Neutropenia ≤ 500 neutrophils/µL 5 (9.4) 9 (5.7) 0.346

 Neutropenia ≤ 100 neutrophils/µL 5 (9.4) 8 (5.0) 0.319

 Length hospital stay, days, mean (95% CI) 18.8 (12.8-24.8) 4.9 (3.6-6.1) < 0.001

Microbiological data before identification  

of causative pathogen in blood culture   

 Previous culture performed 36 (67.9) 26 (16.3) < 0.001

 ESBL-producing E. coli or K. pneumoniae 8/36 (22.2) 1/26 (3.8) 0.009

* Data as numbers and percentages in parenthesis unless otherwise stated.

RiskκfactorsκforκbloodstreamκinfectionsκcausedκbyκESBL−producingκEscherichia coli and Klebsiella pneumoniae
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Quirante,κCerrato,κPardos

ofκ infectionκ inκ secondaryκ bacteraemiaκ wereκ urinaryκ tractκκ

infectionκ [19κ (40.4%)κ vsκ 94κ (62.7%)],κ gastrointestinalκκ

tractκ infectionκ[6κ(12.8%)κvsκ27κ(18,0%)],κ intravascularκde−

vice−relatedκ infectionκ [9κ (19.1%)κ vsκ 3κ (3.0%)],κ pneumoniaκκ

[3κ (6.4%)κ vs 8κ (5.3%)],κ surgicalκ infectionκ [4κ (8.5%)κ vsκ

2κ (1.3%)],κ respiratoryκ infectionκ (excludingκ pneumonia)κκ

[1κ(2.1%) vsκ4κ (2.7%)],κandκskinκandκsotκtissueκ infectionκ[0κ

(0%)κvsκ1κ(0.7%)].

Onκtheκotherκhand,κ isolationκofκESBL−producingκE. coliκorκκ

K. pneumoniaeκwithinκ90κdaysκpriorκ toκ theκ indexκepisodeκwasκ

signiicantlyκmoreκfrequentκamongκcasesκ(22.2%,κ8/36)κthanκcon−

trolsκ(3.8%,κ1/26)κ(pκ=κ0.009).κAntimicrobialsκpriorκtoκisolationκofκ

theκcausativeκpathogenκinκbloodκculturesκwereκmoreκfrequentlyκ

administeredκtoκcasesκthanκcontrolsκ(56.5%κvs 17%,κpκ<κ0.001).

DetailsκofκantimicrobialκtreatmentκareκshownκinκTableκ2.

Inκ theκ binaryκ logisticκ regressionκ modelκ adjustedκ byκ

SAPSκ IIκ onκ hospitalκ admission,κ theκ numberκ ofκ diferentκ

familiesκ ofκ antimicrobialsκ receivedκ withinκ 90κ daysκ beforeκ

theκepisodeκofκbloodstreamκinfectionκwasκtheκonlyκsignii−

cantκfactorκassociatedκwithκidentiicationκofκESBL−produc−

ingκE. coliκorκK. pneumoniaeκinκbloodκcultureκ(ORκ=κ2.29,κ

95%κCIκ1.35−3.88,κpκ=κ0.002).κInκaddition,κwhenκtheκnum−

berκofκdiferentκfamiliesκofκantimicrobialsκwasκcategorizedκ

asκ≤κ2κandκ>κ2κ(theκcutκpointκthatκallowedκaκmoreκhomoge−

neousκdistributionκofκpatientsκ inκtheκdiferentκcategories),κ

theκ useκ ofκ >κ 2κ diferentκ familiesκ ofκ antimicrobialsκ inκ theκ

previousκ90κdaysκwasκ theκonlyκvariableκ independentlyκas−

sociatedκ withκ identiicationκ ofκ ESBL−producingκ E. coliκ orκ

K. pneumoniaeκinκbloodκcultureκ(ORκ=κ12.50,κ95%κCIκ2.50−

62.42,κ pκ =κ 0.002).κ heκ goodness−of−itκ testκ didκ notκ reachκ

statisticalκsigniicanceκ(pκ=κ0.390).κheκareaκunderκtheκROCκ

curveκwasκ0.718κ(95%κCIκ0.58−0.85,κpκ=κ0.005).

Aκtotalκofκ47κpatientsκwhoκdidκnotκreceiveκempiricalκanti−

microbialsκorκinκwhomκempiricalκtreatmentκwasκinadequate,κ

wereκ thenκ treatedκ withκ adequateκ deinitiveκ antimicrobialκ

therapy.κ Ofκ theseκ patients,κ 24κ (51.1%)κ wereκ casesκ andκ 23κ

(48.9%)κwereκcontrols.κ

heκmeanκnumberκofκhoursκuntilκtheκuseκofκadequateκde−

Table 2. Antimicrobial treatment administered to patients with bloodstream infection due to ESBL-producing 

E. coli or K. pneumoniae (cases) and non-ESBL-producing E. coli or K. pneumoniae (controls) within 90 days 

before isolation of pathogen in blood culture

Data  Cases (n = 53) Controls (n = 159) p-value

All patients   

 Types of antimicrobials, mean (95% CI)  1.9 (1.3-2.6)* 0.3 (0.2-0.4) < 0.001

 Different antimicrobial families, mean (95% CI) 1.7 (1.1-2.3) 0.3 (0.2-0.3) < 0.001

Patients with previous antibiotic treatment   

 Number of patients 30 (56.6) 27 (17) < 0.001

 Days on antimicrobial treatment, mean (95% CI) 38.9 (25.9-51.8) 13.7 (9.8-17.6) 0.002

 Types of antimicrobials, mean (95% CI)  3.4 (2.5-4.3) 1.6 (1.3-1.8) 0.001

 Antimicrobial families, mean (95% CI) 3.1 (2.3-3.8) 1.5 (1.2-1.8) 0.003

 Different antimicrobial families, mean (95% CI) 3.0 (2.3-3.7) 1.4 (1.2-1.7) 0.002

 Aminoglycosides 8 (26.7) 2 (7.4) 0.083

 Carbapenems 4 (13.3) 3 (11.1) 1.000

 Cephalosporins 16 (53.3) 7 (25.9) 0.058

 Colistin 2 (6.7) 0 0.492

 Glycopeptides 12 (40.0) 2 (7.4) 0.005

 Lincosamides 0 1 (3.7) 0.474

 Macrolides 3 (10.0) 0 0.239

 Nitroimidazoles 5 (16.7) 1 (3.7) 0.197

 Oxazolidinones 4 (13.3) 0 0.114

 Penicillins 16 (53.3) 15 (55.6) 1.000

 Quinolones 14 (46.7) 7 (25.9) 0.169

 Sulfamides 4 (13.3) 1 (3.7) 0.356

 Tuberculostatic agents 2 (6.7) 0 0.492

* Data as numbers and percentages in parenthesis unless otherwise stated.

Braz J Infect Dis 2011; 15(4):370-376



374

initiveκ antimicrobialκ treatmentκ wasκ 46.08κ (95%κ CIκ 25.92−

66)κ inκ casesκ andκ 71.04κ (95%κ CIκ 46.08-96.0)κ inκ controlsκκ

(pκ=κ0.111).

heκcrudeκmortalityκrateκwasκ50.9%κ(27/53)κinκcasesκandκ

13.2%κ (21/159)κ inκ controlsκ (pκ <κ 0.001).κ heκ timeκ elapsedκ

fromκ isolationκ ofκ theκ causativeκ pathogenκ inκ bloodκ cultureκ

untilκdeathκwasκstatisticallyκsigniicantκbetweenκcasesκ(medi−

anκ26κdays,κ95%κCIκ5.2−46.8)κandκcontrolsκ(medianκ94κdays,κ

95%κCIκ28.5−159.5)κ(pκ<κ0.001)κ(Figureκ1).κhereκwasκaκtrendκ

toκaκlongerκlengthκofκhospitalκstayκfromκhospitalκadmissionκtoκ

deathκinκcasesκ(medianκ53κdays,κ95%κCIκ30.0−76.0)κinκcom−

parisonκ toκcontrolsκ (medianκ118κdays,κ95%κCIκ49.7−186.3)κκ

(pκ=κ0.073)κ(Figureκ2).

heκ resultsκ ofκ thisκ studyκ showκ thatκ theκ administrationκ

ofκdiferentκfamiliesκofκantimicrobialsκduringκaκperiodκofκ90κ

daysκ beforeκ theκ episodeκ ofκ bloodstreamκ infectionκ wasκ theκ

onlyκ riskκ factorκ forκ theκ identiicationκ ofκ ESBL−producingκκ

E. coliκorκK. pneumoniaeκinκbloodκculture.κInκaddition,κthoseκ

patientsκ thatκ previouslyκ receivedκ moreκ thanκ twoκ diferentκ

familiesκofκantimicrobialsκshowedκaκriskκofκatκleastκ2.5κtimesκ

higherκthanκpatientsκtreatedκwithκfewerκantimicrobialκfami−

lies.κ Althoughκ theκ modelκ showedκ goodκ calibration,κ itκ hadκ

moderateκdiscriminatoryκpowerκ[areaκunderκtheκROCκcurveκ

wasκ0.718κ(95%κCIκ0.58-0.85,κpκ=κ0.005)].

Bloodstreamκ infectionκ causedκ byκ ESBL−producingκκ

E. coliκorκK. pneumoniaeκwasκnotκassociatedκwithκprevi−

ousκantimicrobialκtreatment,κuseκofκindividualκagentsκofκ

eachκantimicrobialκ familyκorκaκparticularκ antimicrobialκ

agent.κPreviousκuseκofκantimicrobialκtreatmentκhasκbeenκoneκ

ofκ theκ factorsκ moreκ extensivelyκ relatedκ toκ identiicationκ ofκκ

ESBL−producingκE. coliκ andκK. pneumoniaeκ inκpatientsκ in−

fectedκand/orκcolonizedκbyκtheseκmicroorganisms.7−9κAlmostκ

halfκofκtheκcaseκpatientsκreceivedκdelayedκadequateκantimi−κ

crobialκtreatment.κNotκconsideringκtheκpossibilityκofκanκESBL−κ

producingκmicroorganismsκ isolationκcouldκbeκ theκcauseκofκ

thisκdelay.

Dataκreportedκinκtheκliteratureκregardingκriskκfactorsκforκ

ESBL−producingκorganismsκareκheterogeneousκdue,κinκpart,κ

toκtheκ inclusionκofκbothκinfectedκandκcolonizedκpatientsκ inκ

theκdiferentκseries.κInκorderκtoκminimizeκthisκbias,κonlyκpa−

tientsκwithκdocumentedκbloodstreamκinfectionκwereκinclud−

edκinκourκstudy.

Inκ contrastκ toκ ourκ results,κ isolationκ ofκ ESBL−producingκ

strainsκinκmostκstudiesκhasκbeenκassociatedκwithκtheκuseκofκ

speciicκ typesκ andκ classesκ ofκ antimicrobialκ agents.κ Previ−

ousκβ−lactamκantibiotics,κmainlyκcephalosporins,κhaveκbeenκ

identiiedκasκpredictiveκfactorsκforκinfectionκwithκESBL−pro−

ducingκE. coliκorκK. pneumoniae.10−12

Inκ aκ retrospectiveκ analysisκ ofκ 2,172κ episodesκ ofκ health−

care−associatedκ bacteremiaκ diagnosedκ duringκ aκ 3−yearκκ

periodκinκaκteachingκhospital,κpreviousκuseκofκcephalospor−

insκ andκ carbapenemsκ wereκ signiicantlyκ associatedκ withκ

ESBL−producingκE. coliκorκKlebsiellaκspp.13κInκaκprospectiveκκ

case−controlκstudyκofκbacteremiaκcausedκbyκE. coli,κpreviousκ

useκofκoxyimino−β−lactamsκorκluoroquinolonesκwereκinde−

pendentκriskκfactorsκamongκhospitalizedκpatientsκforκESBL−

producingκstrains.14κOtherκstudies,κhowever,κhaveκfoundκanκ

associationκbetweenκpreviousκexposureκtoκantimicrobialsκinκ

generalκandκidentiicationκofκESBL−producingκstrainsκinκpa−

tientsκwithκbacteremiaκcausedκbyκK. pneumoniae.15

Inκ aκ retrospectiveκ case−controlκ studyκ inκ patientsκ with  

K. pneumoniaeκbacteremia,κforκtheκadditionκofκeachκantimi−

crobialκagent,κanκincreaseκofκ1.55κinκtheκriskκofκESBL−produc−

ingκK. pneumoniaeκstrainsκwasκobserved.16κ

Althoughκ aκ largeκ numberκ ofκ studiesκ includedκ inκ theirκ

objectivesκ toκ assessκ theκ associationκ betweenκ useκ ofκ antibi−

oticsκandκtheκemergenceκofκresistance,κ theκsystemsκusedκtoκ

deineκtheκpriorκuseκofκantimicrobialsκhaveκnotκbeenκproperlyκκ

Figure 1: Actuarial curve for survival from isolation of  

ESBL-producing E. coli or K. pneumoniae to death.

Figure 2: Actuarial curve for survival from hospital 

admission to death.
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described.κ hus,κ theκ selectionκ ofκ oneκ orκ otherκ methodκ ofκ

categorizationκcanκ leadκtoκtheκ identiicationκofκdiferentκriskκκ

factors.17κForκthisκreason,κitκisκimportantκtoκclarifyκtheseκissuesκ

forκtheκdesignκofκstrategiesκaimedκatκreducingκresistances.

Otherκ variablesκ associatedκ withκ theκ identiicationκ ofκ

ESBL−producingκ strainsκ inκ patientsκ withκ bloodstreamκ in−

fectionκ reportedκ inκ theκ literatureκ areκ theκ patient’sκ age,15κ

severeκ underlyingκ diseases,13κ renalκ transplantation,13κ pre−

viousκ admissionκ toκ theκ ICU,18κ durationκ ofκ hospitalizationκκ

beforeκ bacteremia,19κ priorκ exposureκ toκ urinaryκ cath−

eters,10,14,16κ invasiveκ procedureκ withinκ theκ previousκ 72κ

hours,16κandκtheκnosocomialκoriginκofκbacteremia.10

Inκaκsystematicκreviewκofκstudiesκevaluatingκtheκassocia−

tionκbetweenκinappropriateκantibioticκtherapyκandκmortal−

ityκamongκbacteremicκpatients,κmeasurementκofκseverityκofκ

illnessκwithoutκspeciiedκtheκtimeκatκwhichκitκwasκmeasuredκ

wasκconsideredκaκsourceκofκmethodologicalκheterogeneityκ

thatκmayκexplainκconlictingκindings.20κOurκstudyκadheredκ

toκ keyκ recommendationsκ ofκ thisκ reviewκ toκ reduceκ theκ ef−

fectκofκpotentialκconfoundersκbyκassessingκseverityκofκillnessκ

throughκtheκSAPSκIIκscore.21

Theκpresentκstudyκwasκdesignedκasκaκretrospectiveκcase−

controlκ studyκ inκ whichκ controlsκ wereκ matchedκ toκ casesκκ

accordingκtoκthreeκvariables,κincludingκspeciesκofκinfect−

ingκ organisms,κ patient’sκ ageκ andκ SAPSκ IIκ scoreκ inκ theκ

24−48hκ beforeκ bloodκ samplingκ forκ culture.κ Limitationsκ

ofκtheκstudyκincludeκtheκretrospectiveκdesign,κtheκsampleκ

sizeκandκtheκlackκofκinclusionκofκtheκbacteremicκfocusκasκ

aκselectionκcriterionκforκcontrols.κ Inκorderκ toκovercomeκ

thisκ limitation,κ controlsκ wereκ matchedκ inκ aκ 3:1κ ratioκ toκ

caseκpatients.

heκ identiicationκ ofκ patientsκ withκ riskκ factorsκ forκκ

ESBL−producingκorganismsκisκessentialκtoκtargetκadequateκ

earlyκempiricalκantimicrobialκtherapy.κPreviousκuseκofκmoreκ

thanκ twoκ diferentκ familiesκ ofκ antimicrobialsκ inκ patientsκ

withκ bloodstreamκ infectionκ causedκ byκ E. coliκ orκ K. pneu-

moniaeκincreasedκtheκriskκforκESBL−producingκstrains.κhisκ

variableκshouldκbeκconsideredκasκaκpotentialκriskκfactorκforκκ

bacteremiaκbyκESBL−producingκorganisms.
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