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RESISTANCE TESTING CHALLENGES RESISTANCE TESTING CHALLENGES 

AND SOLUTIONS AND SOLUTIONS 

WITH EMPHASIS WITH EMPHASIS 

ON PATIENT CAREON PATIENT CARE
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ClinicalClinical MicrobiologyMicrobiology LaboratoriesLaboratories
CurrentCurrent ChallengesChallenges

SpecimenSpecimen
Analysis :Analysis :
Relevant Relevant 
PathogensPathogens

PatientPatient’’s s 
optimized optimized 
managementmanagement

IdentificationIdentification
ASTAST

Specimen collectionSpecimen collection

Cost effective & timelyCost effective & timely
Decreasing resources !Decreasing resources !

RESISTANCE:
• Detection / method-dependant
• Level of in vitro expression
• Predictive value
• Microbiological & therapeutic 
interpretations
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INCREASE INCREASE 
OF OF FAILURESFAILURES

VeryVery highhigh levelslevels
ofof ResistanceResistance

emergenceemergence + + spreadspread + + escalationescalation

«« DifficultDifficult to to treattreat »» patientspatients

A A fewfew yearsyears ofof wonderwonder andand thenthen ……
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SomeSome ofof thethe XXIXXIstst centurycentury--
ChallengesChallenges in in infectiousinfectious diseasesdiseases

�� MicroorganismsMicroorganisms
�� Increasing antimicrobial ResistanceIncreasing antimicrobial Resistance

�� Resistance determinantResistance determinant

�� «« PathogensPathogens »» evolutionevolution

�� Patients and medical improvements Patients and medical improvements 
�� Critical careCritical care

�� ImmunoImmuno--compromisedcompromised

�� NosocomialNosocomial infectionsinfections
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TheThe challengingchallenging pathogenspathogens

In In hospitalhospital

�� S.aureusS.aureus (MRSA, (MRSA, 

GISA, VRSA)GISA, VRSA)

�� EnterococciEnterococci (GRE)(GRE)

�� EnterobacteriaceaeEnterobacteriaceae
(ESBL, (ESBL, carbapenemasecarbapenemase, , 

FQ)FQ)

�� MDRMDR--P.aeruginosaP.aeruginosa

�� MDRMDR--AcinobacterAcinobacter
baumaniibaumanii

In In communitycommunity

�� MDRMDR--S.pneumoniaeS.pneumoniae

�� CACA--MRSAMRSA

�� Salmonella Salmonella (ESBL,(ESBL, FQ)FQ)

�� CampylobacterCampylobacter (FQ, (FQ, 

macrolides)macrolides)

�� HelicobacterHelicobacter pyloripylori

�� MDRMDR--M.tuberculosisM.tuberculosis
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AppropriateAppropriate therapytherapy savessaves liveslives

�� EarlyEarly inappropriateinappropriate therapytherapy

�� IncreaseIncrease ofof mortalitymortality in in severesevere infectioninfection

�� Infection Infection withwith antibioticantibiotic--RR bacteriabacteria

�� IncreaseIncrease ofof riskrisk ofof inappropriateinappropriate therapytherapy

�� AntibioticAntibiotic--RR organismsorganisms

�� More More commonlycommonly associatedassociated withwith inadequateinadequate therapytherapy

�� StreamliningStreamlining therapytherapy to to narrownarrow spectrumspectrum drugdrug

�� SavingSaving costscosts
WeinsteinWeinstein et et alal. Clin Infect Dis 1997:24:584. Clin Infect Dis 1997:24:584

KollefKollef et et alal Clin Infect Dis 2000: 31 (suppl. 4): S131Clin Infect Dis 2000: 31 (suppl. 4): S131
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AppropriateAppropriate therapytherapy savessaves liveslives

�� Target Target empiricempiric therapytherapy to to likelylikely
pathogenspathogens, , 
�� basedbased on on hospitalhospital, , regionalregional, , specificspecific
epidemiologyepidemiology..

�� Target Target definitivedefinitive therapytherapy to to knownknown
pathogenspathogens, , 
�� basedbased on on accurateaccurate, quantitative S , quantitative S resultsresults
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WhoWho / / WhatWhat do do wewe treattreat ??

�� Patient ?Patient ?

�� DiseaseDisease ??

�� Bug ?Bug ?
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Main goals Main goals ofof antianti--infectiveinfective
therapytherapy

�� ClinicalClinical cure cure ofof patientspatients

�� EradicatingEradicating thethe pathogenspathogens

�� To To avoidavoid developmentdevelopment ofof resistanceresistance

�� To To avoidavoid transmission transmission 

By By givinggiving «« supposedlysupposedly »» oror provenproven effective effective antibioticantibiotic

ChoicesChoices oftenoften basedbased on on resultsresults in in termsterms ofof «« SS »» or or 
«« Non SNon S »»
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SIR, SIR, bacteriabacteria are are notnot simplysimply
«« SS »» or or «« Non SNon S »»

SS

�� Varies Varies overover a a widewide rangerange

�� May May bebe quantifiedquantified by MICby MIC

�� May May resultresult in in overdosingoverdosing or or underdosingunderdosing

�� RiskRisk ofof R R developmentdevelopment

�� UnnecessaryUnnecessary costscosts

�� IncreaseIncrease morbiditymorbidity//mortalitymortality

�� Standard Standard definitiondefinition ofof ResistanceResistance
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ACCURATE DETECTION ACCURATE DETECTION ofof clinicallyclinically

& & epidemiologicallyepidemiologically significantsignificant

RR--determinantsdeterminants

COSTCOST--EFFECTIVE EFFECTIVE to patient care to patient care 

& infection control& infection control
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Are AST Are AST resultsresults clinicallyclinically
relevant & relevant & reliablereliable ??

TherapeuticTherapeutic predictivepredictive valuesvalues

�� ManyMany variables variables affectingaffecting resultsresults

�� StandardizationStandardization

�� In In vitrovitro // in vivo  ?// in vivo  ?

�� CurrentCurrent breakpointsbreakpoints

�� S, I, RS, I, R

�� NCCLS, BSAC, SFM, NCCLS, BSAC, SFM, JapaneseJapanese, , ……. . 
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DifferentDifferent interpretativeinterpretative criteriacriteria

P.P.aeruginosaaeruginosa ATCC 27853, ATCC 27853, same same MIC MIC yet different categoriesyet different categories
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Are AST Are AST resultsresults clinicallyclinically
relevant relevant -- reliablereliable ??
TherapeuticTherapeutic predictivepredictive valuevalue

�� ManyMany variables variables affectingaffecting resultsresults
�� StandardizationStandardization / / in vivo  ?in vivo  ?

�� CurrentCurrent breakpointsbreakpoints
�� S, I, RS, I, R

�� NCCLS, BSAC, SFM, NCCLS, BSAC, SFM, JapaneseJapanese, , ……..

�� SafetySafety or or efficacyefficacy ??

�� EvolutionEvolution // // pharmacologypharmacology--pharmacodynamicspharmacodynamics ??
�� ββββββββ--lactamslactams, , aminoglycosidesaminoglycosides, FQ, FQ

�� Expression Expression ofof resistanceresistance? ? DetectionDetection ??

ART ART vs.vs. ASTAST
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MIC MIC determinationsdeterminations andand
PK/PD PK/PD modelmodel

SerSer..

ConcConc

TimeTime

PEAK    PEAK    CmaxCmax

MICMIC

AUCAUC

TIME > MICTIME > MIC
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PracticalPractical recommendationsrecommendations for for 
PK/PD PK/PD --optimizedoptimized therapytherapy

DrugDrug classclass RecommendationsRecommendations

BB--lactamslactams --remainremain > MIC for > MIC for atat leastleast 50 % 50 % ofof thethe timetime

--FractionateFractionate thethe dosedose

AminoglycosidesAminoglycosides --ObtainObtain CmaxCmax/MIC ratio /MIC ratio ofof atat leastleast 88

--AdministerAdminister once once dailydaily

FluoroquinolonesFluoroquinolones --ObtainObtain a 24a 24--H AUC/MIC ratio > 125H AUC/MIC ratio > 125

--ObtainObtain CmaxCmax/MIC ratio /MIC ratio ofof atat leastleast 88

--Do Do notnot overfractionateoverfractionate thethe dailydaily dosedose

--ConsiderConsider loweringlowering breakpointsbreakpoints for for olderolder FQFQ

Etc.Etc.
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AST AST methodsmethods routinelyroutinely usedused
in Belgium in Belgium ((E.faeciumE.faecium EQCEQC--ISP 2003) ISP 2003) 

�� «« DiskDisk »» diffusiondiffusion

�� PaperPaper discsdiscs 25 %25 %

�� RoscoRosco tabletstablets 50 %50 %

�� «« MICMIC »» AutomatedAutomated systemsystem

�� VitekVitek 1 1 7.5 %7.5 %

�� VitekVitek 22 17 %17 %

�� RealReal MIC MIC EtestEtest

�� VancomycinVancomycin 25 % 25 % 
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AST AST methodsmethods routinelyroutinely usedused

RealReal MICMIC

LowLow//veryvery highhigh

++++

AllAll kindskinds ofof
organismsorganisms, , eveneven
slow slow growinggrowing

Large range Large range ofof
MICsMICs

Time Time consumingconsuming

«« MICMIC »»

HighHigh//highhigh

--

WorkloadWorkload, , 

TAT, TAT, qualityquality

ReproducibilityReproducibility

SofwareSofware expertexpert

NotNot for +/for +/--
fastidiousfastidious, , ……

Black boxBlack box

R expression ?R expression ?

LimitedLimited range range ofof
MICsMICs

S, I, RS, I, R

LowLow//LowLow

++++

NotNot for for 
fastidiousfastidious, , ……

FalseFalse SS

// // BreakpointsBreakpoints

ResultsResults

CostCost ((InvestInvest././fctfct))

FlexibilityFlexibility

Pro & ContraPro & Contra

E testE testVitekVitek/Phoenix/PhoenixD.DiffusionD.Diffusion



pm-chu lg-04.05.13 20

To To preventprevent antimicrobialantimicrobial RR
= to = to treattreat infections infections effectivelyeffectively

�� DetectionDetection ofof ResistanceResistance

�� Target optimal Target optimal therapytherapy
�� ChoiceChoice ofof thethe mostmost potentpotent drugdrug in classin class

�� GivingGiving optimal optimal regimenregimen
�� To maximise To maximise effecteffect

�� To To enhanceenhance bacterialbacterial eradicationeradication

�� To minimise To minimise developmentdevelopment ofof RR

�� StrategiesStrategies usingusing PK/PD PK/PD parametersparameters

RealReal MIC = MIC = oneone necessarynecessary component !!component !!
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ImprovementImprovement expectedexpected for for 
clinicalclinical microbiologymicrobiology lab.lab.

�� DetectionDetection ofof resistanceresistance

�� DeterminationDetermination ofof truetrue MICs MICs 

�� To To bebe costcost effectiveeffective

�� To To definedefine clinicalclinical circumstancescircumstances requiringrequiring MICMIC

�� To To identifyidentify organismsorganisms requiringrequiring MICMIC

�� To To definedefine organismsorganisms, , phenotypesphenotypes or or clinicalclinical

circumstancescircumstances requiringrequiring specificspecific methodmethod for for 

detectiondetection ofof R R 
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ClinicalClinical circumstancescircumstances worthyworthy
ofof MICsMICs

�� PatientsPatients
�� ICU or ICU or otherother highhigh riskrisk patientspatients

�� InfectionsInfections
�� EndocarditisEndocarditis

�� MeningitidisMeningitidis

�� CysticCystic fibrosisfibrosis, , otherother chronicchronic infections, infections, 
sterilesterile site infections site infections 

�� SeriousSerious nosocomial infectionsnosocomial infections

VersusVersus
SIR SIR adequateadequate for trivial for trivial uncomplicateduncomplicated infectionsinfections
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TreatmentTreatment ofof streptococcalstreptococcal
endocarditisendocarditis

�� MIC < 0.1 mg/L MIC < 0.1 mg/L 

�� PenicillinPenicillin G for 4 G for 4 weeksweeks

�� MIC 0.1MIC 0.1--0.5 mg/L0.5 mg/L

�� PenicillinPenicillin + + gentamicingentamicin 2 2 weeksweeks; ; penicillinpenicillin 2 2 
weeksweeks

�� MIC > 0.5 mg/LMIC > 0.5 mg/L

�� PenicillinPenicillin + + gentamicingentamicin for 4for 4--6 6 weeksweeks
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OrganismsOrganisms or type or type ofof R to R to 
detectdetect worthyworthy ofof EtestEtest MICsMICs

R R pronedproned, invasive, virulent, invasive, virulent
�� S.pneumoniaeS.pneumoniae

�� N.gonorrhoeaeN.gonorrhoeae

�� FastidiousFastidious bacteriabacteria : NF GNB, GPB, : NF GNB, GPB, etcetc

�� AnaerobesAnaerobes

�� OpportunistOpportunist withwith nono defineddefined interpretativeinterpretative criteriacriteria

�� YeastsYeasts, , fungifungi

�� Confirmation / Confirmation / DetectionDetection ofof RR
�� PenicillinePenicilline (Pneumo)(Pneumo)

�� GlycopeptidesGlycopeptides ((staphylostaphylo, , enterococcienterococci))

�� OxacillineOxacilline/SA/SA

�� ESBLs, ESBLs, metallometallo--BLsBLs
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EnterococciEnterococci AST AST algorithmalgorithm
Urine, Urine, othersothers BloodBlood or or sterile sterile sitesite

EtestEtest/MIC/MIC
Ampicillin Ampicillin 
TeicoplaninTeicoplanin
Vancomycin  Vancomycin  
HL HL GentamicinGentamicin
HL HL StreptomycinStreptomycin

DiscDisc
AmpicillinAmpicillin
VancomycinVancomycin
FQFQ
NitrofurantoinNitrofurantoin

EtestEtest/MIC /MIC secondarysecondary
RifampicinRifampicin
ChloramphenicolChloramphenicol
MinocyclineMinocycline
Linezolid Linezolid -- SynercidSynercid

VA VA RRVA VA I orI or RR

Etest primaryEtest primary
AmpicillinAmpicillin
VancomycinVancomycin

VA VA RR
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StaphylococciStaphylococci AST AST algorithmalgorithm

S.aureusS.aureus CNS, urinesCNS, urines

Disc Disc diffusiondiffusionVitekVitek
VancomycinVancomycin I I 

or or 
MIC > 2MIC > 2

Or Or Teico Teico I / MIC > 4 I / MIC > 4 

ICU, ICU, critical critical 
specimenspecimen

MIC MIC EtestEtest
Unusual Unusual 
results results 
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Gram positive Gram positive BacilliBacilli AST AST algorithmalgorithm

SterileSterile site, pure culturesite, pure culture
Multiple positive Multiple positive bloodblood culturescultures

Bacillus spBacillus spCorynebacterium spCorynebacterium sp

EtestEtest
PenicillinPenicillin
CefotaximeCefotaxime
VancomycinVancomycin
FQFQ

EtestEtest
PenicillinPenicillin
ClindamycinClindamycin
VancomycinVancomycin
FQFQ


