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At the conclusion of this talk,At the conclusion of this talk,
you will be able toyou will be able to…………

 List some of the new recommendations forList some of the new recommendations for
antimicrobial susceptibility testing andantimicrobial susceptibility testing and
reporting as published inreporting as published in CLSI M100CLSI M100--S20S20 andand
CLSI M100CLSI M100--S20S20--UU (June 2010 Update).(June 2010 Update).

 Discuss reporting results from testingDiscuss reporting results from testing
cephalosporinscephalosporins andand carbapenemscarbapenems againstagainst
EnterobacteriaceaeEnterobacteriaceae..

 Describe strategies forDescribe strategies for implementation ofimplementation of
revised breakpointsrevised breakpoints into clinical laboratoryinto clinical laboratory
testing protocols.testing protocols.



CLSI AST StandardsCLSI AST Standards
August 2010August 2010

M100M100--S20S20 TablesTables (January 2010)*(January 2010)*
–– Revised cephalosporin & aztreonam breakpointsRevised cephalosporin & aztreonam breakpoints

(Enterobacteriaceae)(Enterobacteriaceae)

M100M100--S20S20--UU (June 2010)(June 2010)
–– Revised carbapenem breakpoints (Enterobacteriaceae)Revised carbapenem breakpoints (Enterobacteriaceae)

M02M02--A10A10 Disk Diffusion MethodDisk Diffusion Method (2009)**(2009)**

M07M07--A8A8 MIC MethodMIC Method (2009)**(2009)**



EUCASTEUCAST EMEAEMEACLSICLSI FDAFDA

Sets breakpointsSets breakpoints Sets breakpointsSets breakpoints Sets breakpointsSets breakpoints

Manufacturers of AST systems must use FDA breakpointsManufacturers of AST systems must use FDA breakpoints

•• CLSI = Clinical and Laboratory Standards Institute (formerly NCCCLSI = Clinical and Laboratory Standards Institute (formerly NCCLS)LS)

•• EUCAST = European Committee on Antimicrobial Susceptibility TestEUCAST = European Committee on Antimicrobial Susceptibility Testinging
•• EMEA = European Medicines AgencyEMEA = European Medicines Agency

StandardsStandards
SettingSetting

EMEA sets breakpointsEMEA sets breakpoints
through EUCASTthrough EUCAST

RegulatoryRegulatory

ReassessesReassesses
breakpointsbreakpoints

20102010 -- developingdeveloping
mechanism to reassessmechanism to reassess

breakpointsbreakpoints

StandardsStandards
SettingSetting RegulatoryRegulatory



Ceftriaxone Prescribing InformationCeftriaxone Prescribing Information -- FDA BreakpointsFDA Breakpoints
http://http://media.pfizer.com/files/products/uspi_ceftriaxone.pdfmedia.pfizer.com/files/products/uspi_ceftriaxone.pdf



CLSI and FDA and EUCAST breakpointsCLSI and FDA and EUCAST breakpoints
may differ because .may differ because .……..

 Different criteriaDifferent criteria used to set breakpointsused to set breakpoints
 Sometimes differentSometimes different dosingdosing regimens; differentregimens; different

clinical indicationsclinical indications
 Some breakpoints setSome breakpoints set many years agomany years ago and not yetand not yet

reassessed by respective agencyreassessed by respective agency

Examples (Enterobacteriaceae):Examples (Enterobacteriaceae):

≤≤44

≤≤44

≤≤88

FDAFDAAgentAgent CLSICLSI EUCASTEUCAST

CeftriaxoneCeftriaxone ≤≤1*1* ≤≤11

GentamicinGentamicin ≤≤44 ≤≤22

MeropenemMeropenem ≤≤1*1* ≤≤22

*new 2010*new 2010



Status of FDA Breakpoint RevisionsStatus of FDA Breakpoint Revisions

FDA Amendments Act (FDAAA)FDA Amendments Act (FDAAA) of 2007of 2007
contains 200 provisions re: drugcontains 200 provisions re: drug
marketing/labelingmarketing/labeling
–– requires FDA to update drug labelsrequires FDA to update drug labels

FDA Guidance Documents (2009)FDA Guidance Documents (2009)
–– Will consider breakpoints of national or internationalWill consider breakpoints of national or international

standards organizationsstandards organizations

–– Describes approach for pharmaceutical companies toDescribes approach for pharmaceutical companies to
update breakpoints in prescribing informationupdate breakpoints in prescribing information

CLSI leadership maintaining close watchCLSI leadership maintaining close watch



EnterobacteriaceaeEnterobacteriaceae -- CephalosporinsCephalosporins
RevisedRevised…… Breakpoints (MICBreakpoints (MIC µµg/ml)*g/ml)*

No changeNo change≥≥32321616≤≤88Cefepime**Cefepime**

CLSI 2009 (Old)CLSI 2009 (Old) CLSI 2010 (New)CLSI 2010 (New)
AgentAgent

SuscSusc IntInt ResRes SuscSusc IntInt ResRes

CefazolinCefazolin ≤≤88 1616 ≥≥3232 ≤≤11 22 ≥≥44

CefotaximeCefotaxime ≤≤88 1616--3232 ≥≥6464 ≤≤11 22 ≥≥44

CeftriaxoneCeftriaxone ≤≤88 1616--3232 ≥≥6464 ≤≤11 22 ≥≥44

CeftazidimeCeftazidime ≤≤88 1616 ≥≥3232 ≤≤44 88 ≥≥1616

AztreonamAztreonam ≤≤88 1616 ≥≥3232 ≤≤44 88 ≥≥1616

** January 2010January 2010
**** No change; also reevaluated and no change for cefuroxime, cefoxiNo change; also reevaluated and no change for cefuroxime, cefoxitin,tin,

cefotetan,cefotetan, cefmetazolecefmetazole
Corresponding disk diffusion breakpoints also revisedCorresponding disk diffusion breakpoints also revised



CLSI 2010 (Old)CLSI 2010 (Old) CLSI June 2010 (New)CLSI June 2010 (New)
AgentAgent

SuscSusc IntInt ResRes SuscSusc IntInt ResRes

DoripenemDoripenem -- -- -- ≤≤11 22 ≥≥44

ErtapenemErtapenem ≤≤22 44 ≥≥88 ≤≤0.250.25 0.50.5 ≥≥11

ImipenemImipenem ≤≤44 88 ≥≥1616 ≤≤11 22 ≥≥44

MeropenemMeropenem ≤≤44 88 ≥≥1616 ≤≤11 22 ≥≥44

EnterobacteriaceaeEnterobacteriaceae -- CarbapenemsCarbapenems
RevisedRevised…… Breakpoints (MICBreakpoints (MIC µµg/ml)*g/ml)*

*June 2010*June 2010
Corresponding disk diffusion breakpoints also revisedCorresponding disk diffusion breakpoints also revised



Table 2A EnterobacteriaceaeTable 2A Enterobacteriaceae
♦♦ Dosing information reflects FDADosing information reflects FDA--approved standard adult dosingapproved standard adult dosing

listed in Prescribing Information (Drug Label)listed in Prescribing Information (Drug Label)

♦♦ When implementing revised breakpoints, laboratories MUST informWhen implementing revised breakpoints, laboratories MUST inform IDID
and Pharmacy that these were the dosing regimens on which theand Pharmacy that these were the dosing regimens on which the
breakpoints were basedbreakpoints were based

♦♦ NOT intended for labs to list this on patient reportNOT intended for labs to list this on patient report



Why did CLSI lower cephalosporin,Why did CLSI lower cephalosporin,
aztreonam, and carbapenem breakpointsaztreonam, and carbapenem breakpoints
for Enterobacteriaceae?for Enterobacteriaceae? (1)(1)

 Most of these breakpointsMost of these breakpoints were established overwere established over
20 years ago (before ESBLs and when virtually all20 years ago (before ESBLs and when virtually all
Enterobacteriaceae wereEnterobacteriaceae were ““SS”” to carbapenems)to carbapenems)

 Newer tools / dataNewer tools / data to establish breakpoints (e.g.,to establish breakpoints (e.g.,
PK/PD with Monte Carlo simulations)PK/PD with Monte Carlo simulations)

 Lowering breakpoints would have minimal impactLowering breakpoints would have minimal impact
onon %% ““SS”” for most 3rd generation cephalosporins,for most 3rd generation cephalosporins,
aztreonam. and carbapenemsaztreonam. and carbapenems

 Increased knowledge of old and newerIncreased knowledge of old and newer ββ--lactamlactam
resistance mechanismsresistance mechanisms



Why did CLSI lower cephalosporin,Why did CLSI lower cephalosporin,
aztreonam, and carbapenem breakpointsaztreonam, and carbapenem breakpoints
for Enterobacteriaceae?for Enterobacteriaceae? (2)(2)

 Re: cephalosporin and aztreonam breakpointsRe: cephalosporin and aztreonam breakpoints
–– CLSI ESBL testCLSI ESBL test only standardized foronly standardized for E. coli, KlebsiellaE. coli, Klebsiella

spp. and Proteus mirabilisspp. and Proteus mirabilis (mid 1990s)(mid 1990s)
•• ESBLs occur in other speciesESBLs occur in other species

•• ESBLs not always detected if multiple R mechanisms presentESBLs not always detected if multiple R mechanisms present

 For ESBL positive isolates:For ESBL positive isolates:
–– Low MICsLow MICs to selected cephalosporins associated withto selected cephalosporins associated with

being poor substrates for specific ESBLbeing poor substrates for specific ESBL

–– Animal studies indicatedAnimal studies indicated % T > MIC% T > MIC did not differ fordid not differ for
ESBL positive vs. ESBL negativeESBL positive vs. ESBL negative EnterobacteriaceaeEnterobacteriaceae

–– Animal studies showedAnimal studies showed no inoculum effectno inoculum effect w/ ESBLw/ ESBL
producersproducers



Why did CLSI lower cephalosporin,Why did CLSI lower cephalosporin,
aztreonam, and carbapenem breakpointsaztreonam, and carbapenem breakpoints
for Enterobacteriaceae?for Enterobacteriaceae? (3)(3)

Re: Carbapenem breakpointsRe: Carbapenem breakpoints
–– Modified Hodge testModified Hodge test

•• Subjective interpretationSubjective interpretation
•• Does not detect all carbapenemDoes not detect all carbapenem ““RR””

mechanismsmechanisms



Perform screen test for resistance mechanismPerform screen test for resistance mechanism
((elevated MICselevated MICs nearnear ““SS”” breakpoint arebreakpoint are ““suspicioussuspicious””))

Perform specialPerform special confirmatory testconfirmatory test
for resistance mechanismfor resistance mechanism

Change the susceptibility reportChange the susceptibility report if resistanceif resistance
mechanism is detectedmechanism is detected

Emergence of a newEmergence of a new ββ--lactamaselactamase
(e.g., ESBL or carbapenemase)(e.g., ESBL or carbapenemase)

Old ParadigmOld Paradigm

ESBLESBL MHTMHT



New ParadigmNew Paradigm

Perform tests for susceptibility andPerform tests for susceptibility and
apply theapply the newnew ““lowerlower”” breakpointsbreakpoints

Report the susceptibility results for treatmentReport the susceptibility results for treatment
purposespurposes -- no editing ofno editing of ““SS”” resultsresults

PerformPerform special tests for resistancespecial tests for resistance
mechanismsmechanisms only for infection control andonly for infection control and

epidemiological purposesepidemiological purposes

Isolation of EnterobacteriaceaeIsolation of Enterobacteriaceae



www.eucast.orgwww.eucast.org



Setting / Revising BreakpointsSetting / Revising Breakpoints
Data Used by CLSIData Used by CLSI

MIC distributions ofMIC distributions of ““wild typewild type”” oror
normal populations of bacterianormal populations of bacteria

–– Wild typeWild type = no acquired= no acquired ““RR”” mechanismsmechanisms

MICs associated withMICs associated with clinical outcomeclinical outcome

–– Very limitedVery limited ““newnew”” data for older drugsdata for older drugs

PharmacokineticPharmacokinetic--pharmacodynamicpharmacodynamic
(PK(PK--PD) analysisPD) analysis



www.eucast.orgwww.eucast.org

MEROPENEMMEROPENEM MIC distribution exampleMIC distribution example
Blue = wild type isolates
Red = isolates w/ acquired “R” mechanism



What is PK/PD?What is PK/PD?

 PK: pharmacokineticsPK: pharmacokinetics -- the process bythe process by
which a drug is absorbed, distributed,which a drug is absorbed, distributed,
metabolized, and eliminated by the bodymetabolized, and eliminated by the body

–– Relates to drug concentration over timeRelates to drug concentration over time

 PD: pharmacodynamicsPD: pharmacodynamics -- the relationshipthe relationship
between concentration of drug and itsbetween concentration of drug and its
antimicrobial effects over time in vivoantimicrobial effects over time in vivo

 PK/PDPK/PD can project potential efficacy ofcan project potential efficacy of
antimicrobial agents in vivoantimicrobial agents in vivo

Key reference = Craig WA. 1998. CID. 26:1Key reference = Craig WA. 1998. CID. 26:1--10.10.
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Time (hours)

MICMIC

Time above MICTime above MIC

dosedose dosedose

CmaxCmax (peak concentration)(peak concentration)

PKPK--PD Goal (PD Goal (““TargetTarget””) for) for ββ--lactams =lactams =
% of time during dosing interval that% of time during dosing interval that
drug level exceeds MIC (%T > MIC)drug level exceeds MIC (%T > MIC)



PKPK--PD Target Attainment forPD Target Attainment for ββ--lactamslactams

 BacteriostaticBacteriostatic andand bactericidalbactericidal activity ofactivity of ββ--lactamslactams
depends on duration of time that free (unbound) drugdepends on duration of time that free (unbound) drug
levels exceed MIC (% T > MIC)levels exceed MIC (% T > MIC)

Drusano GL. 2004. Nat Rev Microbiol. 2:289.Drusano GL. 2004. Nat Rev Microbiol. 2:289.

*3 log reduction in colony*3 log reduction in colony--forming unitsforming units

3030--40402020--3030CarbapenemsCarbapenems

50503030PenicillinsPenicillins

6060--70703535--4040CephalosporinsCephalosporins

Bactericidal* (%)Bactericidal* (%)BacteriostaticBacteriostatic (%)(%)

Free Drug % Time > MICFree Drug % Time > MIC
AntimicrobialsAntimicrobials



Factors that Affect PKFactors that Affect PK--PDPD
Target AttainmentTarget Attainment

Distribution ofDistribution of pathogen MICspathogen MICs

DrugDrug protein bindingprotein binding

DrugDrug dosingdosing

DrugDrug administrationadministration (e.g. infusion times)(e.g. infusion times)

Patient characteristicsPatient characteristics that affect drugthat affect drug
distribution and clearancedistribution and clearance



Monte Carlo SimulationMonte Carlo Simulation

 Examine PKExamine PK--PD dataPD data by simulating dosingby simulating dosing
regimens and drug levelsregimens and drug levels among a large sampleamong a large sample
of patients andof patients and various MICsvarious MICs for pathogens thatfor pathogens that
would be treated with the drugwould be treated with the drug
–– Plug in various dosages and drug levels that might bePlug in various dosages and drug levels that might be

encountered in many different patients (e.g., 1000)encountered in many different patients (e.g., 1000)

 Used to answer questionUsed to answer question……What percentage ofWhat percentage of
patients are likely to attain thepatients are likely to attain the ““targettarget””??

ForFor carbapenemscarbapenems = %T > MIC= %T > MIC

•• 40% = bactericidal activity40% = bactericidal activity



What PKWhat PK--PD data were used toPD data were used to
revise breakpoints?revise breakpoints?

Monte CarloMonte Carlo simulationssimulations

Studies inStudies in animal modelsanimal models and resultsand results
extrapolated to humansextrapolated to humans

Limited clinical dataLimited clinical data

GoalGoal -- determinedetermine PKPK--PD MIC breakpointPD MIC breakpoint
that could predict the likelihood that athat could predict the likelihood that a
specific drug dose would be effectivespecific drug dose would be effective

against an organism with a specific MICagainst an organism with a specific MIC



EnterobacteriaceaeEnterobacteriaceae
Carbapenem BreakpointCarbapenem Breakpoint

ChangesChanges



Probability of Target AttainmentProbability of Target Attainment
Imipenem 1g every 8hImipenem 1g every 8h

S I R

42

Breakpoints (Breakpoints (µµg/ml):g/ml):

New =New = ≤≤1 Old =1 Old = ≤≤ 44



New CLSI Carbapenem DosageNew CLSI Carbapenem Dosage
CommentComment

““Because of limited treatment options forBecause of limited treatment options for
infections caused by organisms withinfections caused by organisms with
carbapenem MICs or zone diameters in thecarbapenem MICs or zone diameters in the
intermediate rangeintermediate range, clinicians may wish to, clinicians may wish to
designdesign carbapenem dosage regimens thatcarbapenem dosage regimens that
use maximum recommended doses anduse maximum recommended doses and
possibly prolonged intravenous infusionpossibly prolonged intravenous infusion
regimensregimens as has been reported in theas has been reported in the
literature.literature.””

CLSI M100-S20 (June 2010)



S

S

RI

RI
ImipenemImipenem

Probability ofProbability of
Target AttainmentTarget Attainment

22 44

22 44

New BreakpointsNew Breakpoints
((µµg/ml):g/ml):

≤≤1 S 2 I1 S 2 I ≥≥4 R4 R



Klebsiella pneumoniaeKlebsiella pneumoniae

amikacinamikacin >32 R>32 R
aztreonamaztreonam >32 R>32 R
cefepimecefepime >32 R>32 R
ceftazidimeceftazidime >32 R>32 R
ceftriaxoneceftriaxone >32 R>32 R
ciprofloxacinciprofloxacin >4 R>4 R
gentamicingentamicin >8 R>8 R
meropenemmeropenem 2 I2 I
piperpiper--tazobactamtazobactam >128 R>128 R
tobramycintobramycin >8 R>8 R
trimethtrimeth--sulfasulfa >>4/76 R4/76 R

MIC (MIC (µµg/ml)g/ml)

Final Report OptionFinal Report Option
New CarbapenemNew Carbapenem

BreakpointsBreakpoints

““Unusual resistance;Unusual resistance;
Infectious Diseases consultInfectious Diseases consult
suggestedsuggested””



EnterobacteriaceaeEnterobacteriaceae
% Capture of Carbapenemases at MIC (% Capture of Carbapenemases at MIC (µµg/ml)g/ml)

84%84%15%15%1.2%1.2%

≤≤4 / 8 /4 / 8 / ≥≥1616≥≥4422≤≤11MeropenemMeropenem

New CLSI BreakpointsNew CLSI Breakpoints

(FDA BP)(FDA BP)97.7%97.7%2.3%2.3%0%0%

≤≤0.50.5≥≥4422≤≤11DoripenemDoripenem

99.7%99.7%0.3%0.3%0%0%

≤≤2 / 4 /2 / 4 / ≥≥88≥≥110.50.5≤≤0.250.25ErtapenemErtapenem

86%86%14%14%0%*0%*

≤≤4 / 8 /4 / 8 / ≥≥1616≥≥4422≤≤11ImipenemImipenem

Old CLSIOld CLSI
BreakpointsBreakpointsRRIISS

AntimicrobialAntimicrobial
AgentAgent

CLSI Agenda Book, January 2010.CLSI Agenda Book, January 2010.

N = 474 Enterobacteriaceae; 328 KPC or MBL strainsN = 474 Enterobacteriaceae; 328 KPC or MBL strains
* % of carbapenemase producers that have imipenem MIC* % of carbapenemase producers that have imipenem MIC ≤≤11 µµg/mlg/ml



What does all this mean for UCLA?What does all this mean for UCLA?
A retrospective look at UCLA DataA retrospective look at UCLA Data

Limitations of available MIC dataLimitations of available MIC data
–– Urine isolatesUrine isolates are tested on a panel that doesare tested on a panel that does

not encompass low concentrations thatnot encompass low concentrations that
capture all new lowered breakpointscapture all new lowered breakpoints

–– ForFor results edited toresults edited to ““RR”” because of positivebecause of positive
ESBL or carbapenemase test, original MIC isESBL or carbapenemase test, original MIC is
not retrievablenot retrievable



MeropenemMeropenem MIC DistributionsMIC Distributions
Enterobacteriaceae (nonEnterobacteriaceae (non--urine) N=1355urine) N=1355

New vs. Old BPsNew vs. Old BPs
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Enterobacteriaceae (all sources)Enterobacteriaceae (all sources)
Meropenem MICs and CarbapenemaseMeropenem MICs and Carbapenemase

22

22

11

--

4*4*

--

11

--

--

2*2* ≥≥88 & carbapenemase +& carbapenemase +veve≤≤11

# Patients w/ Meropenem MIC (# Patients w/ Meropenem MIC (µµg/ml) @g/ml) @

11371137

349349

155155

160160

99K. pneumoniaeK. pneumoniae

11E. cloacaeE. cloacae

22E. aerogenesE. aerogenes

11C. freundiiC. freundii

OrganismOrganism

UCLA 7/1/09UCLA 7/1/09 –– 6/30/106/30/10

** no carbapenemase detectedno carbapenemase detected

New meropenem breakpoints (New meropenem breakpoints (µµg/ml): <1 S, 2 I,g/ml): <1 S, 2 I, ≥≥4 R4 R



Expected Results forExpected Results for
CarbapenemaseCarbapenemase--ProducersProducers

Carbapenem BreakpointsCarbapenem Breakpoints

Old BreakpointsOld Breakpoints New BreakpointsNew Breakpoints

CarbapenemaseCarbapenemase--
producing isolatesproducing isolates oftenoften
testedtested ““SS”” to one or moreto one or more
carbapenem:carbapenem:
doripenemdoripenem
ertapenemertapenem
imipenemimipenem
meropenemmeropenem

CarbapenemaseCarbapenemase--producingproducing
isolatesisolates will USUALLY testwill USUALLY test ““II””
oror ““RR”” to ALL carbapenemsto ALL carbapenems

ALL carbapenemaseALL carbapenemase--
producing isolates will testproducing isolates will test
““II”” oror ““RR”” toto ertapenemertapenem..



EnterobacteriaceaeEnterobacteriaceae
Cephalosporin and AztreonamCephalosporin and Aztreonam

Breakpoint ChangesBreakpoint Changes



Kohner et al. 2009. J Clin Microbiol. 47:2419.Kohner et al. 2009. J Clin Microbiol. 47:2419.

CumulativeCumulative CeftriaxoneCeftriaxone MIC Distribution for Isolates w/MIC Distribution for Isolates w/
ESBL, PlasmidESBL, Plasmid--mediated(pmediated(p) AmpC, ESBL +) AmpC, ESBL + pAmpCpAmpC

Impact of Revised (New) and Old BreakpointsImpact of Revised (New) and Old Breakpoints

New Old

KlebsiellaKlebsiella spp.spp.
andand E. coliE. coli

(n=264)(n=264)



Ceftriaxone, Ceftazidime, CefepimeCeftriaxone, Ceftazidime, Cefepime
MIC DistributionMIC Distribution EnterobacteriaceaeEnterobacteriaceae (n=27,415)(n=27,415)
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Courtesy of Ronald Jones, MDCourtesy of Ronald Jones, MD



CeftriaxoneCeftriaxone MIC DistributionMIC Distribution
C. freundii, E. aerogenes, E. cloacae, S. marcescensC. freundii, E. aerogenes, E. cloacae, S. marcescens

(non(non--urine)urine) N=383N=383
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717169695151E. aerogenesE. aerogenes

95958888107107S. marcescensS. marcescens

727265654343C. freundiiC. freundii

77777070182182E. cloacaeE. cloacae

NN
%S @ MIC (%S @ MIC (µµg/ml)g/ml)

CeftriaxoneCeftriaxoneOrganismOrganism

NewNew ≤≤11 OldOld ≤≤88

Enterobacteriaceae (nonEnterobacteriaceae (non--urine)urine)
New vs. Old Cephalosporin BPsNew vs. Old Cephalosporin BPs

UCLA 2009UCLA 2009



E. coliE. coli,, KlebsiellaKlebsiella spp.,spp., Proteus mirabilisProteus mirabilis
% ESBL positive% ESBL positive

0.40.4

4.14.1

3.53.5

3.33.3

% ESBL positive% ESBL positive

474474P. mirabilisP. mirabilis

939939K. pneumoniaeK. pneumoniae

167167K. oxytocaK. oxytoca

46014601E. coliE. coli

N*N*OrganismOrganism

*One isolate / patient*One isolate / patient

UCLA 2009UCLA 2009



E. coliE. coli,, KlebsiellaKlebsiella spp.,spp., Proteus mirabilisProteus mirabilis
ESBL positiveESBL positive

# patients with ESBL positive# patients with ESBL positive
isolates that tested S to:*isolates that tested S to:*

--

--

11

33

CTAX & CTAZCTAX & CTAZ

11

--

--

1313

CTAZCTAZ

--

11

--

11

CTAXCTAX

22P. mirabilisP. mirabilis

3838K. pneumoniaeK. pneumoniae

33K. oxytocaK. oxytoca

108108E. coliE. coli

NNOrganismOrganism

*based on disk diffusion testing

• 20/151 = 13.2% ESBL positive isolates would test “S” to
cefotaxime (CTAX) or ceftazidime (CTAZ) or both with new BPs
- 16/20 isolates were from urine

UCLA 2/1/10 – 6/30/10



Cephalosporin BreakpointsCephalosporin Breakpoints

Old BreakpointsOld Breakpoints New BreakpointsNew Breakpoints

AnyAny ESBLESBL--producing isolatesproducing isolates
that testedthat tested ““SS”” to extendedto extended--
spectrum cephalosporinsspectrum cephalosporins
were reported aswere reported as ““RR”” to:to:
cefotaximecefotaxime
ceftazidimeceftazidime
ceftriaxoneceftriaxone
cefepimecefepime

ESBLESBL--producing isolatesproducing isolates
may not testmay not test ““RR”” to ALL ofto ALL of
the extendedthe extended--spectrumspectrum
cephalosporinscephalosporins

ESBLESBL--producing isolatesproducing isolates willwill
testtest ““RR”” to AT LEAST ONE ofto AT LEAST ONE of
the extendedthe extended--spectrumspectrum
cephalosporinscephalosporins

Expected Results forExpected Results for
ESBLESBL--ProducersProducers



Escherichia coliEscherichia coli

amikacinamikacin >32 R>32 R
ampicillinampicillin >32 R>32 R
cefazolincefazolin >32 R>32 R
cefepimecefepime 8 S8 S
ceftazidimeceftazidime 1 S1 S
ceftriaxoneceftriaxone >32 R>32 R
ciprofloxacinciprofloxacin ≤≤0.25 S0.25 S
gentamicingentamicin ≤≤0.5 S0.5 S
piperpiper--tazobactamtazobactam >128 R>128 R
tobramycintobramycin 1 S1 S
trimethtrimeth--sulfasulfa >>4/76 R4/76 R

MIC (MIC (µµg/ml)g/ml)
ESBLESBL--producing E. coliproducing E. coli

Possible AST results thatPossible AST results that
might be obtained andmight be obtained and

reported using newreported using new
breakpoints.breakpoints.



Why was cefepime breakpoint notWhy was cefepime breakpoint not
lowered?lowered?

♦♦ Monte Carlo simulation showedMonte Carlo simulation showed target attainmenttarget attainment toto
support susceptible breakpoint atsupport susceptible breakpoint at ≤≤88 g/mlg/ml
•• 2 g every 12 h = 91%2 g every 12 h = 91%
•• 1 g every 8 h = 100%1 g every 8 h = 100%

((goal ofgoal of 50% T > MIC50% T > MIC attained for MIC = 8attained for MIC = 8 g/ml)g/ml)
♦♦ 75% of US treatment courses are75% of US treatment courses are 3 to 4 g per day3 to 4 g per day
♦♦ MurineMurine thigh model data supported breakpointsthigh model data supported breakpoints

ofof ≤≤8, 16,8, 16, ≥≥3232 g/mlg/ml even with high inoculumeven with high inoculum
... but... but ““controversialcontroversial””
♦♦ Some use EUCAST breakpoints (Some use EUCAST breakpoints (µµg/ml)g/ml) ((≤≤1S,1S, >>4 R)4 R)
♦♦ Some editSome edit ““SS”” toto ““RR”” if ESBL positiveif ESBL positive



Table 1Table 1
““Drugs to Test/ReportDrugs to Test/Report””

EnterobacteriaceaeEnterobacteriaceae
RevisedRevised…… location of cephalothinlocation of cephalothin

CLSI M100CLSI M100--S19. 2009S19. 2009
Group AGroup A

CLSI M100CLSI M100--S20. 2010S20. 2010
Group UGroup U

CephalothinCephalothin



Why did cephalothin get moved?Why did cephalothin get moved?

As related to Enterobacteriaceae, oralAs related to Enterobacteriaceae, oral
cephalosporins are used primarily forcephalosporins are used primarily for
uncomplicated UTIsuncomplicated UTIs

Results from testing cephalothin can beResults from testing cephalothin can be
used to representused to represent other oral cephalosporinsother oral cephalosporins

–– cefadroxil, cefpodoxime, cephalexin, loracarbefcefadroxil, cefpodoxime, cephalexin, loracarbef

Cephalothin for injectionCephalothin for injection no longer availableno longer available
in USAin USA



EnterobacteriaceaeEnterobacteriaceae

bb

aa

NoteNote

UU

AA

T/RT/R
Disk diffusionDisk diffusion

(mm)(mm)
MIC (MIC (µµg/ml)g/ml)

AgentAgent

SuscSusc IntInt ResRes SuscSusc IntInt ResRes

CefazolinCefazolin -- -- -- ≤≤11 22 ≥≥44

CephalothinCephalothin ≥≥1818 1515--1717 ≤≤1414 ≤≤88 1616 ≥≥3232

CLSI M100CLSI M100--S20. Table 2A.S20. Table 2A.
T/R = test/report groupT/R = test/report group

aa Disk diffusion interpretive criteria for cefazolin when using reDisk diffusion interpretive criteria for cefazolin when using revised MICvised MIC
breakpoints listed here have not yet been established. MIC breakbreakpoints listed here have not yet been established. MIC breakpointspoints
are based on a dosage regimen of at least 1 g every 8 h.are based on a dosage regimen of at least 1 g every 8 h.

bbCephalothin interpretive criteria should only be used to predictCephalothin interpretive criteria should only be used to predict resultsresults
of the oral agents,of the oral agents, cefadroxil, cefpodoxime, cephalexin, and loracarbefcefadroxil, cefpodoxime, cephalexin, and loracarbef..
Older data which suggest that cephalothin results could predictOlder data which suggest that cephalothin results could predict
susceptibility to some other cephalosporins may still be correctsusceptibility to some other cephalosporins may still be correct butbut
there are no recent data to confirm this.there are no recent data to confirm this.



What narrowWhat narrow--spectrum cephalosporin dospectrum cephalosporin do
you report onyou report on urine isolatesurine isolates ofof
Enterobacteriaceae?Enterobacteriaceae?

5 (7%)5 (7%)6 (9%)6 (9%)9 (13%)9 (13%)49 (71%)49 (71%)

OtherOtherCefazolin +Cefazolin +
cephalothincephalothin

CephalothinCephalothin
onlyonly

CefazolinCefazolin
Only*Only*

ASMASM DivCDivC andand ClinmicronetClinmicronet ListserveListserve informal surveyinformal survey
69 responses69 responses (April 2010)(April 2010)

*Cefazolin results likely used to predict activity of oral narro*Cefazolin results likely used to predict activity of oral narroww--
spectrum cephalosporins (e.g., cephalexin) that might be usedspectrum cephalosporins (e.g., cephalexin) that might be used
for uncomplicated UTIs (for uncomplicated UTIs (uUTIsuUTIs))



% Susceptible Cefazolin% Susceptible Cefazolin
UCLA 2009UCLA 2009

(non(non--urineurine11 and urine isolatesand urine isolates22))

9595NANANANA339339P. mirabilisP. mirabilis (urine)(urine)

9393NANANANA591591K. pneumoniaeK. pneumoniae (urine)(urine)

8989NANANANA34253425E. coliE. coli (urine)(urine)

1010

8181

5757

≤≤22 µµg/mlg/ml33

(2011 BP)(2011 BP)

9292009797P. mirabilisP. mirabilis (non(non--urine)urine)

87875050241241K. pneumoniaeK. pneumoniae (non(non--urine)urine)

74743232377377E. coliE. coli (non(non--urine)urine)

≤≤88 µµg/mlg/ml

(Old BP)(Old BP)
≤≤11 µµg/mlg/ml

(2010 BP)(2010 BP)
NNOrganismOrganism

NA = not availableNA = not available

11 Tested using CLSI reference broth microdilution methodTested using CLSI reference broth microdilution method
22 Outpatient specimens only; tested using VitekOutpatient specimens only; tested using Vitek
33 2011 cefazolin2011 cefazolin ““SS”” breakpoint will change tobreakpoint will change to ≤≤22 µµg/mlg/ml



CLSI M100CLSI M100--S20. pp. 18.S20. pp. 18.

Brief CLSI and FDABrief CLSI and FDA
Breakpoint (BP) StoryBreakpoint (BP) Story

•• Might be delay in additionMight be delay in addition
of new BPs to commercialof new BPs to commercial
systemsystem

•• Use of CLSI or FDA BPs isUse of CLSI or FDA BPs is
acceptable toacceptable to accreditingaccrediting
bodiesbodies; thus can use; thus can use ““OldOld””
(same as FDA BPs) or(same as FDA BPs) or
““NewNew”” CLSI BPsCLSI BPs

•• Labs can validate (verify)Labs can validate (verify)
new BPs on commercialnew BPs on commercial
systemsystem



Steps to ImplementingSteps to Implementing
New CLSI Cephalosporin and/orNew CLSI Cephalosporin and/or

Carbapenem Breakpoints (1)Carbapenem Breakpoints (1)

1.1. Determine ifDetermine if low concentrationslow concentrations areare
available on panelavailable on panel

–– All drugs?All drugs?

–– Some drugs?Some drugs?

–– Work around possible??Work around possible??

2.2. Discuss withDiscuss with stakeholdersstakeholders (lab(lab
director, infectious diseases,director, infectious diseases,
pharmacy, infection control, others)pharmacy, infection control, others)



Steps to ImplementingSteps to Implementing
New CLSI Cephalosporin and/orNew CLSI Cephalosporin and/or

Carbapenem Breakpoints (2)Carbapenem Breakpoints (2)

3.3. PerformPerform ““verificationverification””
–– Approx.Approx. 30 isolates / results30 isolates / results for each drugfor each drug

–– ReviewReview ““S, I, RS, I, R”” results w/ new breakpointsresults w/ new breakpoints

–– Note: no changes to your QC protocol neededNote: no changes to your QC protocol needed

4.4. MakeMake computer / protocolcomputer / protocol changeschanges



S, I, RS, I, R
Routine AST systemRoutine AST system

(new breakpoints)(new breakpoints)

S, I, RS, I, R
Reference AST systemReference AST system

(new breakpoints)(new breakpoints)

Reference AST system = disk diffusion, reference
broth or agar dilution MIC, other MIC?

Acceptable =
≥90% overall categoric agreement
No very major errors (false “S” )
≤7% combined major (false “R”) and minor errors (I/R or I/S)

Verify New BreakpointsVerify New Breakpoints

=



Status of New Breakpoint ConcentrationsStatus of New Breakpoint Concentrations
Available on Commercial AST SystemsAvailable on Commercial AST Systems11

xx

xx

xx

xx

xx

xx

xx

xx

xx

EtestEtest

xxxxxxxxAztreonamAztreonam

xxxxxxxxMeropenemMeropenem

xxxxxxxxImipenemImipenem

--xx--xxErtapenemErtapenem

xxxx----DoripenemDoripenem

xxxxxxxxCeftazidimeCeftazidime

xxxx--xxCeftriaxoneCeftriaxone

xxxx--xxCefotaximeCefotaxime

--xx----CefazolinCefazolin

Vitek2Vitek2SensititreSensititrePhoenixPhoenixMicroScanMicroScanAntimicrobialAntimicrobial

11For some, only available on specific panel types (e.g., ESBL)For some, only available on specific panel types (e.g., ESBL)



Some concerns about the newSome concerns about the new
breakpointsbreakpoints……..(1)..(1)

Cephalosporins and aztreonamCephalosporins and aztreonam
breakpointsbreakpoints

Eliminating ESBL confirmatory test will resultEliminating ESBL confirmatory test will result
in reporting somein reporting some cephalosporins ascephalosporins as ““SS”” forfor
some ESBL positive strainssome ESBL positive strains

Clinical data limitedClinical data limited for using cephalosporinsfor using cephalosporins
to treat ESBL producers when MICs are lowto treat ESBL producers when MICs are low

No change for cefepimeNo change for cefepime quite controversialquite controversial

CefazolinCefazolin breakpoints not appropriate for oralbreakpoints not appropriate for oral
cephalosporins for UTIcephalosporins for UTI



Some concerns about the newSome concerns about the new
breakpointsbreakpoints……..(2)..(2)

Carbapenem breakpointsCarbapenem breakpoints
Some favorSome favor ≤≤22 µµg/ml (same as EUCASTg/ml (same as EUCAST

breakpoint) asbreakpoint) as ≤≤11 µµg/ml may be toog/ml may be too
conservative and drive increased use ofconservative and drive increased use of
polymyxins for multidrugpolymyxins for multidrug--R isolatesR isolates

OtherOther
Labs usingLabs using commercial test systemscommercial test systems must usemust use

published FDA breakpointspublished FDA breakpoints
–– Approx. 70% of USA labs use commercial testApprox. 70% of USA labs use commercial test
–– Labs can verify new CLSI breakpointsLabs can verify new CLSI breakpoints



UCLA Decisions re: RevisedUCLA Decisions re: Revised
Enterobacteriaceae BreakpointsEnterobacteriaceae Breakpoints

 Adopt revisedAdopt revised carbapenemcarbapenem breakpointsbreakpoints
–– Perform MHT on requestPerform MHT on request
–– (note: meropenem concentrations on urine panels not low enough;(note: meropenem concentrations on urine panels not low enough;

will test isolateswill test isolates ““RR”” to ceftriaxone and piperacillinto ceftriaxone and piperacillin--tazobactam bytazobactam by
reference MIC method)reference MIC method)

 Adopt revisedAdopt revised cephalosporincephalosporin breakpointsbreakpoints
–– Continue ESBL testing (Continue ESBL testing (E. coli, Klebsiella, P. mirabilisE. coli, Klebsiella, P. mirabilis))
–– EditEdit ““SS”” results toresults to ““RR”” for cephalosporins, penicillins, andfor cephalosporins, penicillins, and

aztreonam for ESBL producersaztreonam for ESBL producers
–– Inform Infectious Diseases of ESBLInform Infectious Diseases of ESBL--producing isolates that haveproducing isolates that have

““SS”” MICs to one or more cephalosporins or aztreonam for follow upMICs to one or more cephalosporins or aztreonam for follow up
–– CefazolinCefazolin

•• Use old breakpoints (S, MICUse old breakpoints (S, MIC ≤≤88 µµg/ml) for urine isolates (limitationsg/ml) for urine isolates (limitations
understood by medical staff)understood by medical staff)

•• Use new 2011 breakpoints (S, MICUse new 2011 breakpoints (S, MIC ≤≤22 µµg/ml) for other isolatesg/ml) for other isolates



http://www.clsi.org/Content/NavigationMenu/http://www.clsi.org/Content/NavigationMenu/
Committees/Microbiology/AST/AST.htmCommittees/Microbiology/AST/AST.htm

http://www.asm.org/index.php/policy/clsihttp://www.asm.org/index.php/policy/clsi--meetingmeeting--
summaries.html?titlesummaries.html?title==CLSI+Meeting+SummariesCLSI+Meeting+Summaries

More information on Breakpoints



...and thank you to Jean Patel, Mary Jane
Ferraro and CLSI for sharing some

information for this presentation


