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Outbreaks, persistence, and high mortality rates of 
multiresistant Pseudomonas aeruginosa infections  
in a hospital with AIDS-predominant admissions 
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ABSTRACT

Introduction:κ Authorsκ haveκ reportedκ increasedκ incidenceκ ofκ multiresistantκ Pseudomonas  
aeruginosaκ(MR−PA)κinfectionsκworldwideκoverκtheκlastκdecade.κResearchersκhaveκproposedκmul−
tifacetedκapproachesκtoκcontrolκMR−PAκinfections,κbutκnoneκhaveκbeenκreportedκinκtheκacquiredκ
immunodeiciencyκ syndromeκ (AIDS)κ setting.κ Objective and Methods:κ Hereinκ weκ reportκ theκ
impactκ ofκ aκ multifacetedκ interventionκ forκ controllingκ MR−PAκ overκ iveκ yearsκ inκ aκ hospitalκ withκ
AIDS−predominantκ admissionsκ andκ describeκ theκ clinicalκ characteristicsκ ofκ MR−PAκ infectionκ inκ
ourκpatientκpopulation.κheκclinicalκoutcomesκofκinfectedκpatientsκandκmolecularκcharacteristicsκ
ofκtheκisolatedκstrainsκwereκusedκasκtoolsκforκcontrollingκMR−PAκinfectionκrates.κResults:κSignii−
cantκtemporaryκdecreaseκofκnewκinfectionsκwasκachievedκaterκintervention,κalthoughκaκhighκlevelκκ
ofκ diagnosticκ suspicionκ ofκ nosocomialκ infectionκ wasκ maintained.κ Weκ obtainedκ 35κ P. aeruginosaκ
isolatesκwithκmultiresistantκproilesκfromκ13κinfectedκandκ3κcolonizedκpatientsκandκ2κenvironmentalκ
samples.κMostκofκtheκpatientsκ(94%)κwereκimmunocompromisedκwithκAIDSκ(nκ=κ10)κorκHTLV−1κ
infectionsκ(nκ=κ5).κOfκtheκfollowedκpatients,κ67%κhadκpersistentκand/orκrecurrentκinfections,κandκ
92%κdied.κWeκobservedκdiferencesκinκtheκantibiotic−resistanceκpatternκofκMR−PAκinfection/colo−
nizationκduringκtwoκoutbreaks,κalthoughκtheκgeneticκproilesκofκtheκtestedκstrainsκwereκidentical.κ
Conclusions:κherefore,κweκconcludedκthatκearlyκmultidisciplinaryκinterventionsκareκessentialκforκ
reducingκtheκburdenκcausedκbyκthisκmicroorganismκinκpatientsκwithκAIDS.κProlongedκorκsuppres−
siveκantibiotic−basedκtherapyκshouldκbeκconsideredκforκMR−PAκinfectionsκinκpatientsκwithκAIDSκ
becauseκofκtheκpersistenceκcharacteristicκofκMR−PAκinκtheseκpatients.

Keywords:κPseudomonas aeruginosa;κdiseaseκoutbreaks;κinfectionκcontrol;κmolecularκepidemiology;κ
acquiredκimmunodeiciencyκsyndrome.

INTRODUCTION

MultiresistantκPseudomonas aeruginosaκ(MR−PA)κ

isκoneκofκtheκleadingκpathogensκthatκcauseκnoso−

comialκ infectionsκ andκ outbreaksκ worldwide.1−8κ

heseκinfectionsκareκusuallyκassociatedκwithκhighκ

mortalityκ rates.1−6κ Also,κ inκ patientsκ withκ humanκ

immunodeiciencyκvirusκ(HIV)κorκacquiredκim−

munodeiciencyκsyndromeκ(AIDS),κauthorsκhaveκ

describedκ persistentκ andκ recurrentκ infectionsκ

causedκ byκ non-MR−PAκ strains.9,10κ Pulsed−ieldκ

gelκelectrophoresisκ(PFGE)κisκtheκrecommendedκ

techniqueκforκdeterminingκtheκgenotypesκofκno−

socomialκ pathogens.11κ Researchersκ haveκ usedκ

itκ inκ severalκ studiesκ toκconirmκtheκ similarityκofκκ

P. aeruginosaκ strains,κsuggestingκtheκ importanceκ

ofκcross−colonization,11,12κandκasκaκtoolκtoκcontrolκ

nosocomialκ infections.3,12κ Multifacetedκ strate−

giesκusingκmolecularκepidemiologyκapproachκforκκ

controllingκ MR−PAκ infectionκ outbreaksκ inκ im−

munocompromisedκ patients,κ especiallyκ thoseκ

withκ cancerκ orκ admittedκ toκ intensiveκ careκ unitsκ

(ICUs),3,5κhaveκbeenκadoptedκbutκnoneκwereκde−

scribedκinκpatientsκwithκAIDS.κInκthisκreport,κweκ

describeκtheκsurveillanceκandκinterventionκmeas−

uresκusedκforκcontrollingκMR−PAκinfectionsκoverκ

iveκyearsκinκanκinfectiousκdiseaseκhospitalκinκRioκ

deκ Janeiro,κ Brazil,κ inκ whichκ theκ majorityκ ofκ ad−

mittedκpatientsκhaveκAIDS.κWeκalsoκdescribeκtheκ

clinicalκevolutionκofκpatientsκwithκMR−PAκinfec−

tionsκorκcolonizationκandκtheκantimicrobialκsus−

ceptibilityκ proilesκ andκ molecularκ characteristicsκ

ofκ MR−PAκ strainsκ recoveredκ fromκ theκ patientsκ

andκ theirκ environments.κ Increasedκ knowledgeκ

ofκtheκepidemiologyκandκclinicalκpresentationsκEste é um artigo Open Access sob
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ofκMR−PAκinfectionκinκthisκpatientκpopulationκmayκimproveκ

earlyκinterventions.

MATERIAL AND METHODS 

Institution and surveillance program 

Aκprospectiveκprogramκforκcontrollingκnosocomialκinfec−

tions,κ whichκ usedκ anκ adaptationκ ofκ methodologiesκ de−

velopedκbyκtheκCentersκforκDiseaseκControlκandκPreven−

tion,κ wasκ initiatedκ inκ Aprilκ 2002κ inκ aκ 26−bedκ (includingκ

2−4κ ICUκ beds)κ hospitalκ fromκ Fundaçãoκ Oswaldoκ Cruzκ

(FIOCRUZ).13−15κ Theκ adaptationκ concernedκ theκ applica−

tionκ ofκ surveillanceκ inκ theκ entireκ hospitalκ andκ usedκ toκ

identifyκ nosocomialκ infectionsκ inκ patientsκ withκ AIDSκ

consideredκ toκ beκ acquiredκ atκ theκ hospital.16κ Infectionsκ

wereκ consideredκ nosocomialκ ifκ theyκ firstκ appearedκ 48hκ

afterκ admission.κ Infectionsκ thatκ wereκ likelyκ incubatingκ

beforeκ hospitalκ admissionκ wereκ notκ consideredκ noso−

comial.κ Allκ clinicalκ andκ surveillanceκ culturesκ obtainedκ

fromκ everyκ admittedκ patientκ wereκ observedκ dailyκ forκ

earlyκ identificationκ andκ controlκ ofκ multiresistantκ patho−

gensκ fromκ Aprilκ 2002κ toκ Februaryκ 2007.κ Threeκ antibi−

oticκ susceptibilityκ patternsκ ofκ MR−PAκ wereκ considered:κ

I)κ multidrug−resistantκ P. aeruginosaκ (MDR−PA)κ wasκκ

indicatedκ byκ strainsκ resistantκ toκ carbapenemsκ and,κ con−

comitantly,κatκleastκtwoκotherκclassesκofκantipseudomonalκ

antibiotics:κ penicillins,κ cephalosporins,κ monobactams,κ

aminoglycosides,κ andκ fluoroquinolones;κ II)κ extensiveκ

drug−resistantκP. aeruginosaκ(XDR−PA)κwasκindicatedκbyκ

strainsκ resistantκ toκ allκ classesκ ofκ antipseudomonasκ anti−

bioticsκ withκ theκ exceptionκ ofκ polymyxinκ B;κ III)κ carbap−

enem−resistantκ P. aeruginosaκ (CR−PA)κ wasκ indicatedκ byκκ

strainsκ resistantκ onlyκ toκ carbapenems.κ Allκ theκ patients’κ

medicalκ recordsκwereκreviewedκtoκconfirmκtheκprospec−

tivelyκcollectedκdata.

DuringκMR−PAκoutbreaks,κinκadditionκtoκclinicalκcul−

turesκ aκ differentialκ surveillanceκ wasκ performed,κ whichκ

includedκ rectalκ swabκ samplesκ forκ MR−PAκ detectionκ ob−

tainedκ fromκ patientsκ hospitalizedκ inκ theκ sameκ roomκ orκ

unitκwheneverκanκMR−PAκisolateκwasκidentified.κCulturesκ

ofκclinicalκsurfaceκsamplesκwereκobtainedκduringκtheκfirstκ

outbreakκ inκ theκ ICUκ whereκ theκ majorityκ ofκ theκ patientsκ

withκ acquiredκ MR−PAκ wereκ hospitalized.κ Theseκ samplesκ

wereκcollectedκbeforeκcleaningκfromκfurniture,κequipment,κ

sinks,κventilationκducts,κairκconditioningκintakeκgrills,κairκ

conditioningκfilters,κcompressedκairκtubes,κpatients’κnebu−

lizersκ andκ respiratoryκ circuitsκ withκ sterileκ cotton−tippedκ

swabsκ moistenedκ withκ transportκ media.κ Waterκ fromκ airκ

conditionerκ compressorsκ andκhumidifiersκwasκalsoκ sam−

pled.κDuringκtheκsecondκoutbreak,κinκNovemberκ2006,κtheκκ

followingκ samplesκ wereκ collectedκ fromκ threeκ areasκ ofκκ

theκICUκandκfromκtwoκwardsκasκpartκofκanotherκresearchκ

protocolκ alsoκ approvedκ byκ theκ institutionalκ ethicsκ com−

mittee:κ 250κ Lκ ofκ airκ samplesκ takenκ usingκ anκ MAS−100κ

airκsamplerκ(Merckκ&κCo.,κ Inc.,κWhitehouseκStation,κNJ,κ

USA)κ atκ aκ distanceκ ofκ 1.5−2.0κ mκ fromκ theκ patientsκ bedsκ

andκ 1.5κ mκ fromκ theκ floor,κ twoκ surfaceκ samplesκ takenκ inκ

eachκICUκandκwardκareaκusingκtheκinκprintκtechniqueκwithκκ

RODACκ plates,κ andκ samplesκ takenκ fromκ theκ handsκ

(washedκ inκ aκ 100κ mLκ 0.1%κ peptoneκ solutionκ inκ sterileκ

bags)κ ofκ personnelκ whoκ dealtκ withκ MR−PA-positiveκ pa−

tientsκduringκenvironmentalκsampling.

Laboratory procedures 

Clinicalκ samplesκ andκ rectalκ swabsκ wereκ inoculatedκ ontoκ

MacConkeyκ agarκ (Merckκ &κ Co.,κ Inc.)κ andκ cetrimideκ

agarκ (Merckκ &κ Co.,κ Inc.)κ plates.κ Environmentalκ surfaceκ

swabsκ wereκ platedκ onκ sheepκ bloodκ agar.κ Cetrimideκ agar,κκ

MacConkeyκ agar,κ andκ saltκ mannitolκ agarκ (Merckκ &κ Co.,κ

Inc.)κwereκusedκforκairκsampling.κTheκplatesκwereκincubatedκ

atκ37ºCκforκ48h.κColoniesκ thatκcontainedκGram−negativeκ

rodsκwereκ subculturedκontoκbloodκandκMacConkeyκagarκ

platesκandκincubatedκforκ24h.κAllκoxidase−positiveκbacilliκ

andκ non−lactoseκ fermentingκ growthsκ wereκ identifiedκ asκκ

P. aeruginosaκusingκconventionalκbiochemicalκtests.

heκ antibioticκ susceptibilityκ ofκ theκ isolatesκ wasκ testedκ

usingκtheκdisk−difusionκmethodκaccordingκtoκClinicalκandκ

Laboratoryκ Standardsκ Instituteκ recommendations.17κ Sus−

ceptibilityκ toκ polymyxinκ Bκ wasκ veriiedκ usingκ theκ E−test.κ

Resistantκstrainsκincludedκthoseκwithκintermediateκsuscep−

tibility.κ Screeningκ ofκ theκ strainsκ forκ metallo−β−lactamaseκ

(MBL)κproductionκusingκaκcetazidimeκdiskκinκtheκpresenceκ

ofκ 2−mercaptopropionicκ acidκ andκ polymeraseκ chainκ reac−

tionκ forκ detectionκ ofκ theκ blaSPM−1,κ blaIMP,κ andκ blaVIMκ

genesκ wereκ performed.18κ DNAκ macrorestrictionκ usingκ

Spelκ followedκ byκ PFGEκ forκ molecularκ typingκ ofκ isolatesκ

wasκcarriedκoutκasκwell.19κRestrictionκ fragmentκproilesκofκ

theκ genomicκ DNAκ ofκ MR−PAκ strainsκ wereκ comparedκ us−

ingκvisualκinspectionκandκtheκGelComparκIIκsotwareκpro−

gramκ (versionκ 3.5;κ Appliedκ Maths,κ Sint−Martens−Latem,κ

Belgium)κandκanalyzedκusingκtheκTenoverκcriteriaκ(1995).20

Clinical characteristics of MR-PA infections

heκclinicalκcharacteristicsκofκMR−PAκinfectionsκwereκclas−

siiedκ accordingκ toκ threeκ categories:κ I)κ persistentκ infec−

tion,κ inκ whichκ theκ microorganismκ wasκ maintainedκ inκ theκκ

sameκ orκ anotherκ clinicalκ materialκ forκ atκ leastκ 21κ daysκ re−

gardlessκofκsymptomsκorκtreatment;κII)κrecurrentκinfection,κ

inκwhichκclinicalκsymptomsκofκinfectionκreinitiatedκandκtheκ

MR−PAκwasκisolatedκinκtheκsameκorκanotherκbiologicalκmate−

rialκaterκcompletionκofκtreatment;κandκIII)κsingleκinfection,κ

whichκwasκanκuniqueκinfectiousκepisodeκwithoutκpersistenceκ

orκ recurrence.κ Treatmentκ failureκ wasκ consideredκ inκ casesκ

withκanyκclinicalκdeteriorationκorκpersistenceκofκtheκmicro−

organismκ inκclinicalκmaterialsκ resultingκ inκaκ changeκ inκ theκ

antibiotic−basedκtherapyκorκdeath.

Gomes,κMachado,κConceiçãoκetκal.
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RESULTS 

Admitted patients

HIVκ (850κ patients)κ andκ HTLV−1κ (130κ patients)κ infectionsκ

wereκ theκmainκclinicalκ conditionsκofκ theκadmittedκpatientsκ

(54%κofκadmissions).κAlso,κreadmissionsκoccurredκinκaκhighκ

proportionκofκ theκpatientsκ(654κreadmissionsκamongκ1,814κ

admissions)κduringκtheκ5−yearκstudyκperiod.κAnκaverageκofκ

35κclinicalκbacteriologicalκculturesκperκ100κpatient−daysκwasκ

performedκinκtheκhospitalκoverκthisκperiod.

Description of outbreaks

Figureκ 1κ showsκ theκ monthlyκ distributionκ andκ resistanceκ pat−

ternsκ ofκ P. aeruginosaκ isolatesκ duringκ theκ studyκ period.κ heκ

meanκincidenceκdensityκofκMR−PAκinfectionκ(usingκforκcalcula−

tionκonlyκtheκirstκMR−PAκisolateκobtainedκfromκeachκpatient)κ

wasκ0.53/1,000κpatient−daysκfromκAprilκ2002κtoκFebruaryκ2007.κ

However,κ itκwasκ2.8/1,000κpatient−daysκ fromκNovemberκ2004κ

toκMarchκ2005κ(irstκoutbreak)κandκ2.1/1,000κpatient−daysκfromκ

Novemberκ2006κtoκFebruaryκ2007κ(secondκoutbreak).

heκonsetκofκtheκirstκMR−PAκoutbreakκcoincidedκwithκiden−

tiicationκofκtheκXDR−PA-infectedκindexκpatientκinκtheκICUκinκ

Septemberκ 2004κ (Figureκ 1).κ hisκ patientκ cameκ fromκ anotherκ

nearbyκhospital;κtwoκmonthsκbeforeκdetectionκofκtheκirstκout−

breakκwithκrecoveryκofκ15κMDR−PAκandκ2κXDR−PAκstrainsκfromκ

sixκpatients.κAterκanκinterventionκprogramκforκcontrollingκtheκ

MR−PAκoutbreakκinitiatedκinκNovemberκ2004,κtheκoccurrenceκ

ofκMR−PAκdecreasedκsigniicantly,κwithκonlyκoneκnewκCR−PAκ

infectionκ detectedκ overκ aκ 1−yearκ periodκ (Septemberκ 2005κ toκκ

Octoberκ2006).κDuringκtheκsecondκoutbreak,κwhichκbeganκinκ

Novemberκ2006,κweκhadκsevenκXDR−PAκisolatesκfromκiveκpa−

tientsκbutκdetectedκnoκMDR−PAκorκCR−PAκstrains.

Culture results, clinical presentations and outcomes

Forty−fourκpatientsκhadκP. aeruginosaκ infectionsκorκcoloni−

zationκ duringκ theκ study.κ Twenty−sixκ patientsκ hadκ isolatesκ

withκnon-CR−PA/MDR−PA/XDR−PAκsusceptibilityκpatterns.κ

Twoκ patientsκ hadκ isolatesκ withκ theseκ resistanceκ patternsκ

detectedκ beforeκ 24κ hκ ofκ hospitalκ admission.κ Oneκ ofκ theseκ

patientsκhadκbeenκadmittedκpreviouslyκduringκtheκirstκout−

break,κbutκaκrectalκswabκobtainedκfromκherκwasκnegativeκforκκ

MR−PAκatκthatκtime.κOfκ16κpatientsκinκwhomκMR−PAκdevel−

opedκduringκhospitalizationκinκtheκstudyκperiod,κ15κwereκim−

munocompromisedκ(94%)κwithκAIDSκ(nκ=κ10)κorκHTLV−1κκ

(nκ=κ5)κwithκurinaryκtractκinfectionsκ(UTIs)κ(Tableκ1).κhir−

teenκpatientsκhadκMR−PAκinfections,κwhereasκthreeκhadκMR−

PAκcolonization.κRectalκ swabsκwereκpositiveκ forκMR−PAκ inκ

onlyκoneκpatient,κwhoκhadκMDR−PAκisolatesκrecoveredκfromκ

otherκclinicalκsamples.κTableκ1κshowsκtheκage,κsex,κunderlyingκ

andκcomorbidκcondition,κlengthκofκhospitalκstayκandκadmis−

sionκ toκ theκ ICUκpriorκ toκMR−PAκ infection,κ andκ laboratoryκ

dataκforκtheκMR−PAκisolatesκobtainedκfromκtheseκ16κpatients.

Amongκsixκpatientsκ inκwhomκMR−PAκ infection/coloni−

zationκ developedκ duringκ theκ irstκ outbreak,κ fourκ wereκ un−

dergoingκhemodialysisκ(patientsκ#5κtoκ#8κinκTablesκ1κandκ2)κ

andκfourκ(patientsκ#3κtoκ#5κandκ#7)κwereκinκtheκICUκwhenκ

theyκacquiredκit.κInκcomparison,κamongκtheκiveκpatientsκinκ

whomκtheseκinfections/colonizationsκdevelopedκduringκtheκ

secondκoutbreak,κnoneκwereκundergoingκhemodialysisκandκ

threeκwereκinκtheκICUκwhenκtheyκacquiredκitκ(Tableκ1).κEachκ

newκMR−PA-positiveκpatientκhadκbeenκhospitalizedκinκcloseκ

proximityκ toκ anotherκ previouslyκ MR−PA-positiveκ patientκ

inκtheκICUκorκotherκhospitalκward.κTableκ2κlistsκtheκtypesκofκ

infections,κtherapiesκforκGram−negativeκbacterialκinfectionsκ

aterκMR−PAκisolation,κMR−PAκinfectionκtreatmentκfailures,κκ

infectionκclassiications,κandκdeathsκassociatedκwithκMR−PAκ

infectionκand/orκcolonizationκduringκtheκstudyκperiod.κ

Septicemiaκorκinfectionsκrelatedκtoκtheκuseκofκinvasiveκde−

vicesκ predominatedκ amongκ patientsκ (13/19,κ 68%).κ Excludingκ

oneκpatientκwhoκwasκlostκtoκfollow−upκ(transferredκtoκanotherκ

hospital),κ 58%κ (nκ =κ 7)κ ofκ theκ remainingκ 12κ infectedκ patientsκκ

hadκ oneκ MR−PAκ infectionκ treatmentκ failure.κ Also,κ eightκκ

patientsκ(67%)κhadκpersistentκand/orκrecurrentκMR−PAκinfec−

tions,κandκ11κ(92%)κdiedκdespiteκreceivingκtherapyκandκmedi−

calκsupportκ(Tableκ2).κheκoverallκmortalityκrateκassociatedκwithκ

MR−PAκinfectionκduringκtheκstudyκperiodκwasκ80%κ(12/15).κheκ

averageκtimeκspanκbetweenκobtainingκtheκirstκandκlastκclinicalκ

MR−PA-positiveκsamplesκinκeightκpatientsκwhoκhadκpersistentκ

and/orκMR−PAκrecurrentκinfectionsκwasκ55.3κdaysκ(median,κ29κ

days;κ range,κ 21−195κ days).κ Fiveκ patientsκ inκ theκ irstκ outbreakκ

(83%)κandκoneκinκtheκsecondκoutbreakκ(20%)κdied.κheκpatientκ

whoκsurvivedκinκtheκirstκoutbreakκdiedκofκrecurrentκMDR−PAκ

septicemiaκsixκmonthsκaterκhisκirstκMR−PAκinfectionκ(patientκ

#8).κheκpatientκwhoκdiedκduringκtheκsecondκoutbreakκ(patientκ

#14)κhadκuntreatedκXDR−PAκbacteremiaκoneκmonthκbeforeκde−

velopmentκofκXDR−PAκventilator−associatedκpneumoniaκ(VAP).

Figure 1: Epidemiologic curve showing the P. aeruginosa 

isolates obtained monthly from patients. Total  

P. aeruginosa isolates (PA, black bar) and MDR-PA (red 

bar), XDR-PA (blue bar), and CR-PA (green bar) isolates 

are shown. The arrows indicate when the infection control 

interventions were initiated. 
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Table 1. Epidemiological data and laboratory results of patients with MR-PA infection and/or colonization*

Patient Sex/ Clinical  Other Length of Sample - Time span

 age  condition diagnoses  hospital  susceptibility between first 

 (years)   stay†/  pattern, date and last MR-PA  

    ICU of sample positive 

     admission†  cultures (days)

1 M/43 HAM/TSP MRSA sepsis,  4/No Urine: MDR-PA,  21  

  with  renal failure,   05/21/02; 

  recurrent respiratory failure  CVC tip: XDR-PA,   

  UTI   06/10/02 

2 M/33 AIDS Cryptococcal meningitis, 36/Yes Blood: XDR-PA,  2 

   infected dermatitis,  (PFGE tested) 

   Pneumocystis carinii  09/08/04; 

   pneumonia, Respiratory  BAL: XDR-PA,  

   failure; last CD4:406 cells/μL‡  09/09/04 

3 M/45 AIDS Neurologic disease,  5/Yes Tracheal aspirate: 27 

   DM type 2, COPD,   MDR-PA, 11/12/04; 
   HCV-positive,   BAL: MDR-PA (PFGE 

   Enterococcus faecalis UTI,   tested), 11/29/04; 

   respiratory failure; last   tracheal aspirate: 

   CD4: 98 cells/μL;   XDR-PA, 12/08/04; 

   viral load: 19,000   vascular catheter tip:  

   copies/mL‡  XDR-PA, 12/08/04

4 M/25 AIDS CMV esophagitis,  9/Yes Tracheal secretion: - 

   pneumothorax, respiratory   MDR-PA (PFGE tested), 

   failure, MRSA colonization;   11/30/04 

   last CD4: 324 cells/μL;    

   viral load: 710,000 copies/mL‡    

5§ M/50 AIDS Febrile neutropenia,  20/Yes Tracheal secretion: - 

   disseminated Mycobacterium   MDR-PA, 20,000 

   tuberculosis, renal failure,   CFU, 12/19/04 

   hepatic failure, pancreatitis   

6§ F/43 AIDS Neurologic disease,  8/No Vascular catheter tip: 28 

   Salmonella and Enterococcus   MDR-PA, 03/03/05; 

   species sepsis, MRSA CVC  urine MDR-PA, 

   sepsis, bronchoaspiration,   03/30/05 

   renal failure   

7§ M/59 Leptospirosis Renal failure, 33/Yes Two vascular  29 

   atrial fibrillation,   catheter tips: MDR-PA, 

   MRSA CVC sepsis  03/21/05; urine: 

     MDR-PA, 03/28/05 

     and 03/31/05; 

     rectal swab: MDR-PA,  

     04/06/05; 

     vascular catheter tip:  

     MDR-PA, 04/18/05; 

     tracheal secretion:  

     MDR-PA, 04/18/05 

8§ M/54 AIDS Febrile neutropenia,  8/No Blood: MDR-PA, 195  

   cryptococcosis,    03/10/05; 

   high blood pressure,   urine: MDR-PA, 

   chronic renal failure,   03/22/05; 

   MRSA colonization  blood: MDR-PA, 

     9/21/05 

(Cont.)

Braz J Infect Dis 2011; 15(4):312-322
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Table 1. Epidemiological data and laboratory results of patients with MR-PA infection and/or colonization* 

Patient Sex/ Clinical  Other Length of Sample - Time span

 age  condition diagnoses  hospital  susceptibility between first 

 (years)   stay†/  pattern, date and last MR-PA  

    ICU of sample positive

     admission†  cultures (days)

9 F/60 HAM/TSP  Cutaneous T-cell 53/Yes Urine: MDR-PA,  - 

  with lymphoma, hemorrhagic   07/06/05 

  recurrent stroke, high  

  UTI blood pressure,  

   DM-type II, MDR  

   Escherichia coli UTI,  

   MRSA osteomyelitis  

10 F/64 HAM/TSP E. coli UTI,  9/No Urine: MDR-PA 88 

  with hydronephrosis   (PFGE tested), 

  recurrent with renal calculi,   08/15/05; 

  UTI decubitus ulcers   urine: XDR-PA, 

   and osteomyelitis,   11/10/05 

   MRSA colonization 

11 F/47 AIDS Hepatitis C,  2||/Yes Urine: CR-PA,  - 

   decubitus ulcers,   05/31/06 

   UTI, MRSA colonization  

12 M/56 AIDS Hyperparathyroidism,  85/Yes Blood: XDR-PA,  21 

   HIV dementia,   11/16/06; 

   CDAD; last CD4:   blood: XDR-PA 

   9 cells/μL;   (PFGE tested), 

   viral load: > 100,000   12/06/06 

   copies/mL‡  

13 F/75 HAM/TSP  Streptococcus 28/No Urine: XDR-PA,  - 

  with species sepsis  50,000 CFU/mL  

  urinary   (PFGE tested),  

  sepsis   11/11/06 

14 M/31 AIDS CMV meningitis,  174/Yes Blood: XDR-PA,  33 

   CDAD (pseudomembranous   (PFGE tested),  

   colitis), MDR Klebsiella   11/24/06; 

   pneumoniae CVC sepsis,   BAL: XDR-PA,  

   respiratory failure;   12/26/06   

   last CD4: 6 cells/μL‡  

15 M/26 AIDS Febrile neutropenia,  32/No Urine: XDR-PA, - 

   MRSA sepsis  80,000 CFU/mL,  

     01/25/07

16 M/69 HAM/TSP  Iatrogenic 31/Yes Urine: XDR-PA,  - 

  with urinary  pneumothorax,  02/02/07 

  sepsis decubitus ulcers 

BAL, bronchoalveolar lavage; CDAD, Clostridium difficile-associated diarrhea; CFU, colony-forming unit; CMV, cytomegalovirus; 

COPD, chronic obstructive pulmonary disease; CVC, central vascular catheter; DM, diabetes mellitus; F, female; HAM/TSP,  

HLTV-I associated myelopathy/tropical spastic paraparesis; HCV, hepatitis C virus; M, male; MRSA, methicillin-resistant  

Staphylococcus aureus.
*MR-PA includes all resistance patterns(MDR-PA, XDR-PA, and CR-PA).
†Previous to MR-PA infection or colonization.
‡CD4 and viral load for HIV-positive patients when available and collected less than 6 months before MR-PA infection/ 

colonization.
§Performance of hemodialysis when MR-PA was acquired.
||Discharged from the study hospital 5 days before this admission.
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Table 2. Clinical presentations, antibiotic regimen, and outcomes in patients with MR-PA infection or colonization*

Patient Type of infection/ Antibiotic Treatment Infection Death during

 colonization regimen† failure‡ classification§ hospitalization

1 UTI Empiric cefepime No Persistent  

  and guided by culture for   infection 

  21 days, associated with    
Yes||

 

  empiric amikacin and    

  guided by culture for 7 days    

 CVC sepsis Not treated N/A -

2 VAP and The patient had received N/A Single episode Yes|| 

 septicemia cefepime and levofloxacin  

  for 14 days and was receiving     

  treatment for Pneumocystis  

  carinii pneumonia 

3 VAP Empiric levofloxacin for 2 days,  Yes Persistent  

  cefepime for 20 days,   infection 

  empiric polymyxin B for    Yes|| 

  2 days, amikacin for 16 days   

 CVC infection Not treated N/A Recurrent infection

4 VAP Empiric cefepime for 3 days,  Yes Single episode Yes|| 

  empiric imipenem for 4 days 

5 Respiratory tract N/A N/A N/A Yes 

 colonization

6 CVC infection Not treated. The patient  N/A Persistent 

  was receiving treatment  infection 

   for Salmonella and Enterococcus  

  species sepsis with ampicillin    Yes|| 

  and gentamicin    

 UTI Empiric imipenem Yes - 

  for 2 days, empiric cefepime  

  for 1 day  

7 CVC sepsis Cefepime for 15 days Yes Persistent infection  

 Septicemia Piperacillin-tazobactam  Yes - Yes 

  for 4 days   

8 CVC sepsis Cefepime for 8 days  No Single episode No 

  for febrile neutropenia,   

  MDR-PA growth in blood,    

  had CVC removed and then   

  received cefepime for 14 days,   

  piperacillin-tazobactam for    

  11 days, and piperacillin-tazobactam  

  and levofloxacin for 14 days 

 Septicemia Empiric cefepime for 1 day N/A Recurrent infection Yes||

9 Urinary sepsis Empiric imipenem for 2 days, Yes Single episode Yes 

  cefepime for 9 days 

10 UTI Cefepime for 22 days,  No Single episode No 

  transferred to another hospital     

  for J ureteral stent insertion   
 

 

 UTI Polymyxin B for 16 days Not Recurrent Yes 

   determined infection 

(Cont.)

Gomes,κMachado,κConceiçãoκetκal.

Braz J Infect Dis 2011; 15(4):312-322



318

Table 2. Clinical presentations, antibiotic regimen, and outcomes in patients with MR-PA infection or colonization* 

Patient Type of infection/ Antibiotic Treatment Infection Death during

 colonization regimen† failure‡ classification§ hospitalization

11
 

Urinary sepsis Empiric cefepime and  Yes Single episode Yes 

  guided by culture for 14 days 

12  Empiric piperacillin- N/A 

  tazobactam for 7 days,   

  ciprofloxacin for 6 days  

 Septicemia   
Persistent 

No 

  Cefepime and polymyxin B  No 
infection

 

  for 3 days, polymyxin B  

  alone for 6 days     

13 Urinary tract
 

N/A  N/A N/A No 

 colonization

14 Bacteremia Not treated; the patient was N/A Persistent 

   receiving treatment for MDR K.   infection 

  pneumoniae CVC sepsis with    

  piperacillin-tazobactam for 10 days    Yes 

  and meropenem for 7 days    

 VAP Empiric cefepime for 3 days,  Yes - 

  polymyxin B for more than 21 days  

15 Urinary tract N/A N/A N/A No 

 colonization 

16 UTI Empiric cefepime for 2 days;  Lost to Lost to No 

  patient transferred to another  follow-up follow-up  

  hospital  

CVC, central vascular catheter; N/A, not applicable.
*MR-PA includes the entire resistance pattern (MDR-PA, XDR-PA, and CR-PA).
†Described therapy only for Gram-negative bacteria after MR-PA detection.
‡Treatment failure: clinical deterioration or persistence of the microorganism in clinical materials resulting in a request to 

change the antibiotic-based therapy or resulting in death.
§Infection classification: I) recurrent infection: clinical symptoms of infection reinitiated and isolation of the MR-PA in other or 

same biologic materials after completion of treatment; II) persistent infection: maintenance of the microorganism in the same 

or other clinical materials for at least 21 days independent of symptoms or treatment; III) single infection: unique episode of 

infection with no recurrent or persistent infection.
||Death before last microbiological result with recovery of MR-PA.

Sixκ patientsκ (patientκ #1,κ #3,κ #8κ toκ #11)κ withκ MR−PAκ

infectionsκ wereκ treatedκ withκ cefepimeκ aloneκ orκ inκ com−

binationκtherapyκwithκotherκantipseudomonalκantibioticsκ

consideredκadequateκaccordingκ toκ laboratoryκ testκ resultsκ

andκtimeκofκinitiationκandκdurationκofκtherapy.κHowever,κ

threeκofκtheseκpatientsκ–κtwoκwithκurinaryκsepsisκ(patientsκ

#9κandκ#11)κandκoneκwithκVAPκ(patientκ#3)κ–κhadκnoκre−

sponsesκ toκ 9,κ 14,κ andκ 20κ daysκ intoκ antibioticκ treatment,κ

respectively.κ Inκaddition,κ inκpatientκ#3,κMDR−PAκregrewκ

inκaκbronchoalveolarκlavageκ(BAL)κsampleκonκtheκ15thκdayκ

ofκ treatmentκwithκcefepime,κandκXDR−PAκgrewκ inκaκ tra−

chealκaspirateκandκonκaκcatheterκ tipκonκtheκ4thκdayκafterκ

discontinuationκofκcefepime−basedκtreatment.

Results of culture of environmental samples

MDR−PAκ wasκ culturedκ fromκ 2κ ofκ 12κ (17%)κ environmen−

talκ samplesκ (waterκ obtainedκ fromκ aκ humidiierκ inκ oneκ pa−

tientκ andκ aκ respiratoryκ circuitκ condensateκ fromκ theκ other)κκ

collectedκduringκtheκirstκoutbreakκinκtheκICU,κwhichκhadκonlyκ

twoκbedsκatκthatκtime.κNoneκofκtheκculturesκofκclinicalκsurfaces,κ

air,κorκhealthκcareκworkers’κhandsκinκtheκICUκandκwardsκobtainedκ

duringκtheκsecondκoutbreakκwereκpositiveκforκP. aeruginosa.

Antibiotic susceptibility profiles and molecular 
analysis of MR-PA isolates

Allκ P. aeruginosaκ isolatesκ (nκ =κ 94)κ underwentκ antibioticκ

susceptibilityκtesting.κThirty−threeκisolatesκfromκpatientsκ–κκκ

20κMDR−PA,κ12κXDR−PA,κandκ1κCR−PAκ–κhadκantibiotic−

PersistentκmultiresistantκPseudomonas aeruginosaκinfection



319

resistantκ profilesκ (Figureκ 1).κ Theκ MDR−PAκ strainsκ wereκ

universallyκ resistantκ toκ gentamicin,κ amikacin,κ cefotaxi−

me,κ ticarcillin−clavulanicκ acid,κ imipenem,κ meropenemκ

(testedκ sinceκ Januaryκ 2005),κ ciprofloxacin,κ levofloxacinκ

(testedκsinceκSeptemberκ2004),κnorfloxacin,κandκtrimeth−

oprim−sulfamethoxazole.κFifteenκMR−PAκstrainsκisolatedκ

fromκ sixκ patientsκ inκ theκ firstκ outbreakκ wereκ susceptibleκ

toκcefepime,κceftazidime,κandκpolymyxinκB;κoneκwasκsus−

ceptibleκtoκaztreonam;κandκsixκwereκsusceptibleκtoκpiper−

acillin−tazobactam.

Theκ indexκ case,κ fiveκ ofκ 11κ patientsκ inκ theκ outbreaksκ

andκoneκpatientκfromκtheκinterepidemicκperiodκhadκoneκ

MDR−PAκ orκ XDR−PAκ isolateκ eachκ analyzedκ byκ PFGEκκ

(Tableκ 1,κ Figureκ 2).κ Theκ twoκ MR−PA-positiveκ environ−

mentalκ strainsκ alsoκ underwentκ PFGE.κ Figureκ 2κ showsκ

thatκ allκ ofκ theκ PFGE−testedκ strainsκ hadκ identicalκ ge−

neticκ profilesκ andκ belongedκ toκ theκ Sãoκ Pauloκ cloneκκ

(theκ SPM−1κ strainκ wasκ matchedκ withκ MR−PAκ isolates).κ

However,κallκofκtheseκstrainsκwereκnegativeκforκtestedκMBLκκ

production.

Figure 2: PFGE patterns of 10 isolates of MDR-PA and  

XDR-PA. Lanes 1 and 12, PFGE Lambda (molecular markers). 

Lanes 2-11, PFGE-detected patterns in 10 strains of MDR-

PA or XDR-PA: 2, XDR-PA, patient 1 (index case), blood; 3, 

XDR-PA, patient 2 (1º outbreak), BAL; 4, MDR-PA, patient 

3, tracheal aspirate (1º outbreak); 5 and 6, MDR-PA, swab 

from condensate of the ventilator circuit of patient 2 (1º 

outbreak); 7, MDR-PA, water sample from a humidifier 

(1º outbreak); 8, XDR-PA, patient 6, urine (non-outbreak 

case); 9, XDR-PA, patient 7, urine (2º outbreak); 10, XDR-

PA, patient 8, blood (2º outbreak); 11, XDR-PA, patient 9, 

blood (2º outbreak). Lane 13, São Paulo MLB strain. 

Infection control intervention and education  
program 

Infection−controlκ measuresκ involvedκ outbreakκ notiication,κ

cohortκ ofκ patientsκ andκ professionals,κ temporaryκ closingκ ofκ

theκICUκtoκnewκadmissionsκduringκtheκirstκoutbreak,κcon−

tactκ precautionsκ forκ allκ colonizedκ and/orκ infectedκ patients,κ

environmentalκdisinfection,κandκaκreviewκofκallκdisinfectionκ

andκ sterilizationκ processes.κ Duringκ theκ irstκ outbreak,κ theκ

infectionκ controlκ teamκ reviewedκ theκ healthκ careκ providers’κ

workκ processκ toκ minimizeκ cross−transmissionκ ofκ MR−PA,κ

includingκtechniciansκinvolvedκinκperformingκhemodialysisκ

fromκaκcontractedκservice.κHospitalκpersonnelκrepairedκaκwa−

terκ leakκ inκ theκcompressedκairκ systemκandκchangedκ theκairκ

conditioningκiltersκ inκ theκICU.κFurthermore,κ theκhospitalsκ

newlyκconstructedκ ICUκopenedκ inκ Juneκ2006.κMembersκofκ

theκinfectionκcontrolκcommitteeκsystematicallyκpresentedκtheκ

surveillanceκresults,κ includingκresultsκofκmolecularκanalysisκ

ofκ theκ P. aeruginosaκ strainsκ andκ theκ patients’κ outcomes,κ toκκ

theκ hospitalκ staffκ inκ educationalκ activitiesκ carriedκ outκκ

overκtheκentireκstudyκperiodκtoκensureκtheirκcommitmentκtoκ

infectionκcontrolκmeasures.κHowever,κtheκhospitals’κnursingκ

stafκunderwentκaκgreatκ turnoverκ inκMarchκ2005,κwhereasκ

theκphysicianκandκnursingκstafκdidκsoκinκNovemberκ2006.κ

DISCUSSION

Researchersκhaveκdemonstratedκtheκdiicultyκofκcontrollingκ

MR−PAκinfectionsκinκhospitalsκwhereκtheκagentκisκalreadyκen−

demic.21κHowever,κaκmultifacetedκinfectionκcontrolκprogramκ

canκtemporarilyκcontrolκtheκtransmissionκofκthisκinfection.3,5κ

Toκtheκbestκofκourκknowledge,κthisκisκtheκirstκreportκtoκde−

scribeκtheκepidemiologicalκcharacteristicsκofκMDR−PA/XDR−

PAκinfectionκoutbreaksκthatκwereκtemporarilyκcontrolledκbutκ

notκ eradicatedκ inκ patientsκ withκ AIDS,κ inκ whomκ persistentκ

MR−PAκinfectionsκlikelyκincreaseκtheκriskκofκtransmission.

heκreportedκoverallκincidenceκofκP. aeruginosaκcarriageκ

inκ ICUsκ andκ oncological/hematologicalκ orκ medicalκ wardsκ

hasκvariedκfromκ11.7%κtoκ37.0%.22,23κManyκauthorsκhaveκad−

vocatedκtheκuseκofκsurveillanceκculturesκtoκimproveκtheκcon−

trolκofκinfectionsκwithκmultiresistantκpathogensκinκhigh−riskκ

settings,κbutκtheκbeneitκofκthisκstrategyκremainsκtoκbeκevalu−

ated.24κWeκagreeκwithκpreviousκobservationκthatκsurveillanceκ

ofκpatientsκwithκMR−PAκinfectionsκmustκbeκaccompaniedκbyκ

anκearlyκimplementationκofκanκinterventionκprogramκwhen−

everκ required.3κ Inκ theκ presentκ study,κ weκ basedκ theκ surveil−

lanceκprogramκonκclinicalκmicrobiologicalκexaminationsκofκ

patients’κsamplesκrequestedκbyκinfectiousκdiseaseκspecialists,κ

whoκusuallyκhaveκhighκdiagnosticκsuspicionκofκnosocomialκ

infections.κInκaddition,κweκsystematicallyκusedκsurveillanceκ

culturesκwithκrectalκswabsκduringκtheκ twoκoutbreaks;κhow−

ever,κ weκ usedκ themκ inκ aκ non−systematicκ mannerκ betweenκ

outbreaks.κ Weκ performedκ rectalκ swabsκ only,κ asκ respiratoryκ

andκ urinaryκ samplesκ wereκ normallyκ usedκ forκ diagnosisκ ofκ

infections.κ Inκaddition,κgastrointestinalκcarriageκappearsκ toκ
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beκaκprerequisiteκforκP. aeruginosaκcolonizationκand/orκinfec−

tionκatκotherκsites,κandκtheκintestinalκtractκisκconsideredκtheκκ

mostκ importantκ reservoirκ ofκ P. aeruginosa.22,25κ However,κκ

theκsensitivityκofκrectalκswabsκ inκdetectingκsmallκ inoculaκ isκ

suboptimal,22κ andκ patientsκ withκ colonizationκ atκ sitesκ otherκ

thanκtheκintestinalκtractκmayκhaveκbeenκmissed.25,26κOurκin−

tentionκwasκtoκperformκsurveillanceκofκpatientsκwithκMR−PAκ

infectionsκinκaκreal−lifeκhospitalκsettingκwithκlimitedκresourc−

esκsoκthatκtheκsurveillanceκprogramκwouldκbeκeasyκtoκaccom−

plish.κhisκmayκhaveκbeenκaκlimitationκofκourκstudy,κthough,κ

asκ wellκ asκ ourκ lackκ ofκ useκ ofκ selectiveκ antimicrobialκ mediaκ

forκrectalκswabsκtoκdetectκantibiotic−resistantκP. aeruginosa.23

Patientsκ withκ MR−PAκ colonizationκ and/orκ infectionsκ

frequentlyκhaveκcontaminationκofκtheirκhands,κclothes,κand/

orκimmediateκsurroundings,κwhichκraisesκtheκpossibilityκofκ

transmissionκ toκ otherκ patientsκ eitherκ directlyκ orκ viaκ con−

tactκ withκ hospitalκ stafκ orκ contaminatedκ equipment.1,2,6,27κ

Duringκ theκ irstκ outbreak,κ fourκ patientsκ wereκ undergoingκ

hemodialysisκperformedκbyκtheκsameκtechnician.κWeκcon−

trolledκ thisκ epidemicκ aterκ weκ reviewedκ thisκ technician’sκ

workκ andκ assignedκ diferentκ techniciansκ forκ eachκ patient.κ

Nevertheless,κ weκ didκ notκ obtainκ culturesκ fromκ theκ handsκ

ofκtheκoriginalκtechnician.κhisκhorizontalκtransmissionκofκ

MR−PAκinfectionsκwasκsupportedκbyκtheκindingsκofκgeno−

typingκanalysisκofκMR−PAκ isolatesκobtainedκ fromκpatientsκ

andκenvironmentalκandκofκtheκtemporalκandκspatialκassocia−

tionκamongκMR−PAκcases.

Asκ previouslyκ described,κ weκ obtainedκ samplesκ ofκ waterκ

andκwetκsurfacesκcontaminatedκwithκP. aeruginosaκinκourκsur−

veillanceκreportκonlyκinκcloseκproximityκtoκinfected/colonizedκ

patients.3,27κ Studiesκ showedκ thatκ airborneκ disseminationκ canκ

haveκaκroleκ inκtheκtransmissionκofκP. aeruginosa.27,28κHowev−

er,κweκdidκnotκdetectκanyκP. aeruginosaκ isolatesκusingκanκairκ

samplerκ thatκ hasκ equivalentκ resultsκ ofκ theκ sixthκ stageκ ofκ anκκ

Andersenκairκsampler.29κheκsmallκnumberκofκairκsamplesκob−

tainedκinκourκstudyκmayκhaveκinluencedκthisκresult.κheκnewlyκ

renovatedκ ICUκ inκ ourκ hospitalκ (withκ isolationκ roomsκ andκ aκ

modernκ ventilationκ system)κ mayκ haveκ contributedκ toκ tem−

poraryκ controlκ ofκ theκ infection,κ asκ suboptimalκ ICUκ designsκ

layoutsκsuchκasκourκpreviousκoneκhaveκbeenκassociatedκwithκ

MR−PAκ infectionκ outbreaks.4κ heκ organism’sκ panantibiotic−

resistanceκpatternκandκbioilmκ formationκmostκ likelyκplayedκ

importantκ rolesκ inκ extendingκ theκ outbreaks.2κ Also,κ hospitalκ

personnelκ shortage30κ or,κ asκ inκ ourκ case,κ highκ hospitalκ stafκ

turnoverκ mayκ beκ relatedκ toκ MR−PAκ infectionκ outbreaksκ orκ

initialκdiicultyκinκcontrollingκthem.κInκaddition,κtheκsecondκ

outbreakκmayκhaveκbeenκrelatedκtoκreadmissionκofκanκMR−PAκ

colonizedκ patientκ whichκ wasκ likelyκ colonizedκ duringκ hospi−

talizationκatκtheκtimeκofκtheκirstκoutbreak;κhowever,κweκcannotκ

ruleκoutκotherκexplanationsκnotκfullyκexploredκinκthisκstudy.

heκ continuousκ trainingκ programκ onκ preventionκ andκ

controlκ ofκ nosocomialκ infectionsκ givenκ toκ allκ healthκ careκ

professionalκcategoriesκwasκanκessentialκtoolκforκcontrollingκ

MR−PAκinfectionsκinκourκhospital,κasκwell.5,12κWeκusedκseveralκ

educationalκactivitiesκandκresourcesκsuchκasκposters,κfolders,κ

andκsignsκduringκtheκstudyκperiod.κContinuousκeducationκisκ

importantκevenκinκhospitalsκspecializedκinκtreatingκinfectiousκ

diseases,κ whereκ allκ healthκ careκ workersκ haveκ someκ knowl−

edgeκ aboutκ theκ riskκ ofκ nosocomialκ infections.κ Keepingκ theκ

clinicalκstafκinformedκaboutκtheκsurveillanceκresults,κclinicalκ

outcomesκofκinfectedκpatients,κand,κwhenκfeasible,κmolecu−

larκcharacteristicsκofκisolatedκstrainsκisκessentialκtoκincreaseκ

andκmaintainκtheirκcommitmentκtoκcontrollingκnosocomialκ

infection.κhisκisκespeciallyκimportantκforκhigh−riskκpopula−

tionsκwhileκnewκpreventiveκandκtreatmentκstrategiesκforκMR−

PAκinfectionsκareκbeingκdeveloped.

Weκobservedκsomeκdiferencesκinκtheκantibioticκsuscep−

tibilityκ patternsκ betweenκ theκ twoκ outbreaks,κ althoughκ theκ

geneticκproilesκofκtheκtestedκstrainsκwereκidentical.κheκanti−

biotic−resistanceκpatternsκofκMR−PAκisolatesκchangedκduringκ

theκ ive−yearκ studyκ period,κ withκ MR−PAκ strainsκ becomingκ

resistantκtoκalmostκallκofκtheκantibioticsκtestedκexceptκpoly−

myxinκB.κSixκpatientsκhadκP. aeruginosaκisolatesκsusceptibleκ

orκlessκresistantκtoκtheκantibioticsκtestedκpriorκtoκdetectionκofκκ

moreκ antibiotic−resistantκ strains.κ Allκ ofκ theseκ patientsκ hadκ

receivedκ cefepimeκ aloneκ orκ inκ combinationκ therapyκ beforeκ

isolationκofκP. aeruginosaκstrainsκwithκtheκpatternsκofκgreaterκ

antibioticκresistance.κherefore,κalthoughκcross−colonizationκ

wasκanκimportantκfeatureκofκtheseκoutbreaks,κantimicrobialκ

pressureκwasκalsoκlikelyκresponsibleκforκtheseκdiferencesκinκ

antibioticκresistance.κHowever,κinκsettingsκofκinfrequentκan−

timicrobialκuse,κfrequentκcross−transmissionκeventsκcanκcon−

tributeκtoκhighκantibioticκresistanceκrates.31κWeκdidκnotκcom−

pletelyκassessκtheκresistanceκmechanismκinκourκtestedκstrains,κ

butκ allκ ofκ theκ isolatesκ wereκ negativeκ forκ MBLκ production.κ

Unfortunately,κ weκ didκ notκ haveκ theκ necessaryκ resourcesκ toκ

studyκotherκantibiotic−resistanceκmechanismsκpreviouslyκde−

scribedκinκMR−PA.8,32κMDR−PAκinfectionsκprobablyκacquiredκ

newκorκderepressedκresistanceκmechanismsκduringκtheκstudyκ

period.κSequentialκ emergenceκofκ resistanceκ isκ likelyκdueκ toκ

theκadministrationκofκdiferentκantibioticsκatκdiferentκ timeκ

periodsκfollowingκtheκdevelopmentκofκresistance.33

Theκ highκ mortalityκ ratesκ inκ thisκ studyκ demonstratedκ

theκ burdenκ ofκ MR−PAκ infectionsκ inκ immunocompro−

misedκ patients.κ Thisκ mayκ haveκ reflectedκ theκ immuno−κ

compromisedκstatesκofκ theκpatientsκasκwellκ asκ theκmulti−

drugκ resistanceκ andκ possibleκ enhancedκ virulenceκ ofκ theκ

outbreakκ strain.2κ Allκ patientsκ whoκ diedκ hadκ severeκ co−

morbiditiesκorκopportunisticκdiseasesκthatκlikelyκcontrib−

utedκtoκtheκhighκmortalityκrates.κInappropriateκempiricalκ

antimicrobial−basedκtherapyκandκdelaysκtoκinitiateκappro−

priateκ antimicrobial−basedκ therapyκ areκ bothκ detrimentalκ

toκ patientκ outcome.34κ Authorsκ haveκ describedκ failureκ ofκ

cefepime−susceptibilityκbreakpointsκtoκpredictκclinicalκout−

comes35κasκwellκasκtheκrequirementκofκachievingκadequateκ

drugκexposureκtoκbeκsuccessfulκinκtreatingκpatientsκwithκκ
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P. aeruginosaκ infections.36κ Additionally,κ aκ multivariateκ

logisticκ regressionκ analysisκ demonstratedκ P. aeruginosaκ

infectionκ toκbeκ independentlyκassociatedκwithκ treatmentκ

failureκinκcefepime−patients.37κWeκdidκnotκevaluateκanyκofκ

theseκfeaturesκ inκtheκpresentκstudy;κ therefore,κweκcannotκ

attributeκtheκhighκmortalityκratesκtoκtheκantibioticsκused.κ

Investigatorsκ haveκ observedκ relapsedκ orκ recurrentκ infec−

tionsκcausedκbyκnon−multiresistantκP. aeruginosaκ inκpatientsκ

withκAIDSκbutκwithoutκanyκimpactκonκmortality.9κInκaddition,κ

authorsκhaveκdescribedκpersistentκrespiratoryκinfectionsκwithκ

sequentiallyκobtainedκnon−multiresistantκP. aeruginosaκstrainsκ

inκAIDSκpatients.10κheκincidenceκofκtreatmentκfailureκandκper−

sistentκorκ recurrentκ infectionsκwasκmarkedlyκelevatedκ inκ theκ

presentκstudy.κAlso,κpersistentκandκrecurrentκinfectionsκwereκ

observedκinκpatientsκwithκandκwithoutκAIDS.κheκcriteriaκusedκ

forκidentiicationκofκpersistentκandκrecurrentκinfectionsκwereκ

basedκ onκ clinicalκ andκ antibioticκ susceptibilityκ dataκ butκ notκκ

theκ geneticκ proilesκ ofκ theκ isolatedκ strains,κ asκ weκ didκκ

notκ performκ molecularκ typingκ ofκ allκ ofκ theκ MR−PAκ iso−

latesκ (onlyκ ofκ randomlyκ preservedκ strains).κ Inκ addition,κ

weκ obtainedκ rectalκ swabsκ onlyκ fromκ patientsκ whoκ wereκ

negativeκ forκ MR−PAκ inκ closeκ contactκ withκ aκ MR−PAκ posi−

tiveκ patient.κ Consequently,κ weκ didκ notκ investigateκ coloni−

zationκ ofκ P. aeruginosaκ inκ theκ gastrointestinalκ tractκ ofκ pa−

tientsκ withκ MR−PAκ infectionsκ orκ colonizationκ atκ otherκ sites.κκ

heκ investigationκ ofκ MR−PAκ colonizationκ inκ theκ gastroin−

testinalκ tractκmayκcontributeκ toκunderstandingκ theκcharac−

teristicsκofκpersistentκand/orκrecurrentκinfectionsκcausedκbyκ

MR−PAκinκtheseκpatients.κherefore,κmoreκinvestigationsκofκ

persistentκ infectionsκcausedκbyκP. aeruginosaκ areκnecessaryκ

inκthisκeraκofκantimicrobialκresistanceκinκpatientsκotherκthanκ

thoseκwithκcysticκibrosisκinκwhomκthisκfeatureκisκwellκrecog−

nized.38,39

Regardingκ patientsκ withκ symptomaticκ HTLV−1κ infec−

tions,κstudiesκhaveκsuggestedκthatκtheyκareκatκincreasedκriskκ

forκUTIs.40κPhysiciansκhaveκusedκprolongedκurinaryκcath−

eterizationκ inκ theseκ patientsκ becauseκ ofκ theirκ myelopathyκ

and/orκtropicalκspasticκparaparesis.κUrinaryκcatheterizationκ

andκUTIsκareκbothκrecognizedκriskκfactorsκforκMR−PAκin−

fection.41,42

CONCLUSIONS

Aκ multifacetedκ infectionκ controlκ programκ canκ controlκ andκ

preventκ temporarilyκ theκ transmissionκ ofκ MR−PAκ infectionκ

inκ theκAIDSκsetting.κBroaderκ investigationκofκpatientκenvi−

ronmentsκasκwellκasκriskκfactorsκforκMR−PAκinfectionκand/orκ

colonizationκmayκhelpκ increaseκunderstandingκofκ theκmul−

tifactorκ originκ ofκ MR−PAκ infectionκ andκ developκ localκ rec−

ommendationsκforκpreventionκandκcontrolκofκtheκinfection.κ

Infectionκ controlκ programsκ andκ diagnosisκ andκ treatmentκκ

approachesκofκMR−PAκinfectionsκinκAIDSκpatientsκmustκcon−

siderκ theκ persistentκ characteristicκ ofκ MR−PAκ infectionsκ inκ

thisκpopulation.
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