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CLIA 493.1253 Establishment and CLIA 493.1253 Establishment and 
Verification of Performance SpecificationsVerification of Performance Specifications

♦♦Each lab that introduces an unmodified, Each lab that introduces an unmodified, 
FDAFDA--clearedcleared or approved test system must or approved test system must 
do the following before reporting patient do the following before reporting patient 
test results:    test results:    
–– Demonstrate that it can obtain Demonstrate that it can obtain performance performance 

specificationsspecifications comparable to those established by the comparable to those established by the 
manufacturer for the following performance manufacturer for the following performance 
characteristics:    characteristics:    

•• Accuracy    Accuracy    
•• Precision (reproducibility)Precision (reproducibility)
•• Reportable range of test results for the test syste m.  Verify thReportable range of test results for the test syste m.  Verify th at at 

the manufacturer's reference intervals (normal valu es) are the manufacturer's reference intervals (normal valu es) are 
appropriate for the laboratory's patient population .    appropriate for the laboratory's patient population .    



CLIA 493.1253 Establishment and CLIA 493.1253 Establishment and 
Verification of Performance SpecificationsVerification of Performance Specifications

♦♦ Each lab that Each lab that modifies an FDAmodifies an FDA --clearedcleared or approved or approved 
test system, or introduces a test system test system, or introduces a test system not not 
subject to FDA clearancesubject to FDA clearance or approval (including or approval (including 
methods developed inmethods developed in --house), or uses a test house), or uses a test 
system in which performance specifications are not system in which performance specifications are not 
provided by the manufacturer must, before provided by the manufacturer must, before 
reporting patient test results:reporting patient test results:
–– Establish for each test system the Establish for each test system the performance specificationsperformance specifications for the for the 

following performance characteristics, as applicabl e:    following performance characteristics, as applicabl e:    
•• AccuracyAccuracy
•• PrecisionPrecision
•• Analytical sensitivityAnalytical sensitivity
•• Analytical specificity to include interfering subst ancesAnalytical specificity to include interfering subst ances

–– Reportable range of test results for the test syste m. Reference Reportable range of test results for the test syste m. Reference 
intervals (normal values).    intervals (normal values).    

•• Any other performance characteristic required for t est performanAny other performance characteristic required for t est performan ce. ce. 



Usage of TermsUsage of Terms

VerificationVerificationValidationValidationJCAHOJCAHO

Ongoing evaluationOngoing evaluationVerificationVerificationCAPCAP

ValidationValidationVerificationVerificationCLIACLIA

Ongoing evaluation Ongoing evaluation 
of INof IN --USE testUSE test

Initial inInitial in --house house 
assessment of NEW testassessment of NEW test



Verification Verification 
(initial assessment)(initial assessment)

AccuracyAccuracy ReproducibilityReproducibility
((Precision)Precision)

Run to run Run to run --
ATCC strains*ATCC strains*

Within run Within run --
5 bugs x 3 x 3d*5 bugs x 3 x 3d*

Compare NEW w/ REF Compare NEW w/ REF 
or CURRENT methodor CURRENT method

ManufacturerManufacturer ’’s s 
performance dataperformance data

Literature Literature 

Anecdotal Anecdotal 
informationinformation

InIn--house house 
studiesstudies

Test Test minimumminimum of of 
100 isolates???100 isolates???

FDAFDA--cleared AST cleared AST 
……Prior to patient testingPrior to patient testing



Ongoing Evaluation

♦♦Documentation that a Documentation that a test which has test which has 
been verifiedbeen verified is repeatedly giving the is repeatedly giving the 
expected resultsexpected results
♦♦Most commonly involves following Most commonly involves following 

CLSI QC proceduresCLSI QC procedures
–– Specified by CLIA, CAP, JCAHO Specified by CLIA, CAP, JCAHO 

♦♦Other componentsOther components ……. . 



Ongoing Ongoing 
evaluationevaluation

QCQC
e.g., CLSI ATCCe.g., CLSI ATCC

CompetencyCompetency
PTPT

Correlation Correlation 
with clinical with clinical 

findingsfindings

Equipment PMEquipment PM

OtherOther

FDAFDA--cleared AST cleared AST 
During patient testing During patient testing 



Where do we find information on Where do we find information on 
legal requirements for legal requirements for ““ verificationverification ””
and and ““ ongoing evaluationongoing evaluation ”” ??

♦♦CLIACLIA –– sections 493.1253 sections 493.1253 
♦♦CAPCAP -- MIC.21040, GEN.42020 MIC.21040, GEN.42020 –– GEN.42160GEN.42160
♦♦JCAHOJCAHO –– Quality control sections QC.1.20 Quality control sections QC.1.20 ––

QC.1.150QC.1.150
♦♦Forthcoming Forthcoming 

–– Update of ASMUpdate of ASM ’’s Cumitech 31 (verification/validation)s Cumitech 31 (verification/validation)
–– CLSI M52CLSI M52--PP



CLSI M52CLSI M52--P P 
Validation/Verification of Microbial Validation/Verification of Microbial 

Identification and Antimicrobial Susceptibility Identification and Antimicrobial Susceptibility 
Testing Systems; Proposed GuidelineTesting Systems; Proposed Guideline

♦♦For commercial systemsFor commercial systems
♦♦Verification:Verification:

–– Rely much on manufacturerRely much on manufacturer ’’s ins in --house quality house quality 
measuresmeasures

–– Limited testing by userLimited testing by user ’’s labs lab

♦♦ASTAST verification issues:verification issues:
–– Number/types of isolates (30??)Number/types of isolates (30??)
–– 2020--30 days of daily QC for precision?30 days of daily QC for precision?

Forthcoming 2010Forthcoming 2010



CLSI Table 2ACLSI Table 2A
Interpretive Criteria Interpretive Criteria 
EnterobacteriaceaeEnterobacteriaceae

What QC What QC strain(sstrain(s ) should we use?) should we use?



Supplemental QC StrainsSupplemental QC Strains

QC StrainsQC Strains

CLSI M100CLSI M100--S19. S19. 



““ QC StrainQC Strain ”” vs. vs. 
““ Supplemental QC StrainSupplemental QC Strain ””

♦♦ ““ QC StrainQC Strain ””
–– Test regularly (daily or weekly)Test regularly (daily or weekly)

♦♦ ““ Supplemental QC StrainSupplemental QC Strain ””
–– May have May have ““ SS”” or or ““ RR”” characteristiccharacteristic specific for specific for 

one or more one or more ““ special ASTspecial AST ””
•• Example: ATCC BAAExample: ATCC BAA --977 has inducible clindamycin 977 has inducible clindamycin 

resistanceresistance

–– Use to Use to assess new test, training, competencyassess new test, training, competency
–– NOT necessaryNOT necessary to test regularly (daily or weekly)to test regularly (daily or weekly)

CLSI M100CLSI M100--S19. S19. 



QC of Antimicrobial QC of Antimicrobial 
Susceptibility TestsSusceptibility Tests

♦♦Test Test QC strainsQC strains like patient isolateslike patient isolates

♦♦QC testing frequency:QC testing frequency:
–– Daily Daily OROR

–– Concurrent with testing patient isolates Concurrent with testing patient isolates OROR

–– Weekly (after 20Weekly (after 20 --30 days of satisfactory daily QC)30 days of satisfactory daily QC)

♦♦ If If QC outQC out --ofof --controlcontrol , do not release patient , do not release patient 
results for the outresults for the out --ofof --control drug prior to control drug prior to 
investigation of the probleminvestigation of the problem



When is 20When is 20 --30 day QC required 30 day QC required 
before going to weekly QC?before going to weekly QC?
♦♦New test method used (also validation New test method used (also validation 

needed)needed)
♦♦New drug addedNew drug added
♦♦When weekly QC demonstrates outWhen weekly QC demonstrates out --ofof --

control resultcontrol result
–– Not Not identifiable ANDidentifiable AND
–– Not resolved with Not resolved with ““ immediate corrective actionimmediate corrective action ””

•• 5 days of daily QC testing and all results in contr ol5 days of daily QC testing and all results in contr ol

♦♦OtherOther



If If QC is outQC is out --ofof --control because of an control because of an 
““ identifiable erroridentifiable error ”…”… ..

ThenThen
♦♦ Repeat QC same day; Repeat QC same day; 

–– If in control, go back to weekly QCIf in control, go back to weekly QC

♦♦ No need to retest patient isolatesNo need to retest patient isolates

IdentifiableIdentifiable errors are:errors are:
–– contaminationcontamination
–– wrong QC strain usedwrong QC strain used
–– wrong disk / panel testedwrong disk / panel tested
–– wrong test conditions usedwrong test conditions used
–– otherother

CLSI M02CLSI M02--A10. A10. 
CLSI M07CLSI M07--A8. A8. 



If If QC is outQC is out --ofof --control and reason for error control and reason for error 
cannot be identified (probable system cannot be identified (probable system 
error)error) ……..

ThenThen
♦♦ Perform Perform ““ Immediate Corrective ActionImmediate Corrective Action ”” (CA)(CA)
♦♦ Continue daily QC until problem is resolvedContinue daily QC until problem is resolved
♦♦Once problem is resolved, Once problem is resolved, do 5 days daily QCdo 5 days daily QC

before returning to weekly QCbefore returning to weekly QC
OutOut --ofof --control QC results suggesting a control QC results suggesting a ““ system system 

problemproblem ”” ::
– Same drug off for more than 1 QC organism

– Same drug off on more than 1 day

– Several drugs off
CLSI M02CLSI M02--A10. A10. 
CLSI M07CLSI M07--A8. A8. 



What should we do with patient results if What should we do with patient results if 
we identify a we identify a ““ system problemsystem problem ”” ??

♦♦ If one drug outIf one drug out --ofof --control, control, do not report do not report 
the drugthe drug
♦♦ If >1 drug outIf >1 drug out --ofof --control, control, do not report do not report 

patient results patient results until problem is resolveduntil problem is resolved
–– use different lots of materialsuse different lots of materials
–– use different test methoduse different test method
–– patient results are often patient results are often ““ atypicalatypical ”” for the for the 

problem problem drug(sdrug(s ))



When a weekly QC result is outWhen a weekly QC result is out --ofof --
control, what should we consider when control, what should we consider when 
determining CA strategy?determining CA strategy?

♦♦ Extent and directionExtent and direction of QC errorof QC error
–– 1 dilution (MIC)?   1 dilution (MIC)?   
–– Would error contribute to false Would error contribute to false ““ SS”” or false or false ““ RR”” ??

♦♦ Are patient results close to Are patient results close to breakpointbreakpoint ??
♦♦ Results for Results for other QC strainsother QC strains ??
♦♦ Results for Results for other drugsother drugs with QC strains?with QC strains?
♦♦ Previous QCPrevious QC results?results?
♦♦ Patient resultsPatient results since last insince last in --control QC results?control QC results?
♦♦ Is QC strain/agent Is QC strain/agent indicatorindicator for procedural or for procedural or 

storage issue (e.g., temperature stability, inoculu m)storage issue (e.g., temperature stability, inoculu m)



Example 1: Disk Diffusion QC Example 1: Disk Diffusion QC 
Weekly ResultsWeekly Results

22221818--2626tobramycintobramycin

22221919--2626gentamicingentamicin
E. coli E. coli 
ATCC 25922ATCC 25922

23231919--2525tobramycintobramycin

Reason for error Reason for error 
identifiable identifiable 

CommentComment

14141616--2121gentamicingentamicin
P. aeruginosaP. aeruginosa
ATCC 27853ATCC 27853

ResultResultAcceptable Acceptable 
RangeRange

DrugDrugQC StrainQC Strain

Identifiable error =Identifiable error = disk not flat on agar surfacedisk not flat on agar surface
Corrective action:Corrective action:

Repeat QC test; OK to report patient resultsRepeat QC test; OK to report patient results



Example 2: Disk Diffusion QC Example 2: Disk Diffusion QC 
Weekly ResultsWeekly Results

Reason for error Reason for error 
notnot identifiableidentifiable14141616--2121gentamicingentamicin

PSAPSA
ATCC 27853ATCC 27853

22221818--2626tobramycintobramycin

CommentComment

23231919--2525tobramycintobramycin

22221919--2626gentamicingentamicin
E. coli E. coli 
ATCC 25922ATCC 25922

ResultResult
Acceptable Acceptable 

RangeRange
DrugDrugQC StrainQC Strain

Corrective action:Corrective action:
Do 5 days daily QC; if all in control go back to we ekly QCDo 5 days daily QC; if all in control go back to we ekly QC
If 5 daily QC results not all in, do 20If 5 daily QC results not all in, do 20 --30 days before going back to weekly QC30 days before going back to weekly QC



Example 3: Disk Diffusion QC Example 3: Disk Diffusion QC 
Weekly ResultsWeekly Results

22221818--2626tobramycintobramycin

Reason for error Reason for error notnot
identifiable but used identifiable but used 
new lot of media (lot A)new lot of media (lot A)

14141616--2121gentamicingentamicin
PSAPSA
ATCC 27853ATCC 27853 Reason for error Reason for error notnot

identifiable but used identifiable but used 
new lot of media (lot A)new lot of media (lot A)

CommentComment

15151919--2525tobramycintobramycin

22221919--2626gentamicingentamicinE. coli E. coli 
ATCC 25922ATCC 25922

ResultResultAcceptable Acceptable 
RangeRange

DrugDrugQC StrainQC Strain

Corrective action:Corrective action:
Suppress aminoglycoside results for patient PSA iso lates tested Suppress aminoglycoside results for patient PSA iso lates tested on lot A; on lot A; 
Only those that would be interpreted as Only those that would be interpreted as ““ RR”” ?  Use new lot of media (lot B); ?  Use new lot of media (lot B); 
Once problem identified and corrected, do 5 days da ily QC; if alOnce problem identified and corrected, do 5 days da ily QC; if al l in control l in control 
go back to weekly QC. go back to weekly QC. NoteNote : media should be : media should be QCQC’’dd before patient testingbefore patient testing ..



Table 3C. Disk Diffusion QC Table 3C. Disk Diffusion QC 
Troubleshooting GuideTroubleshooting Guide



Reference Guide to Reference Guide to 
QC Testing FrequencyQC Testing Frequency

(MIC example)(MIC example)

CLSI M100CLSI M100--S19 Table 4ES19 Table 4E



Excerpt from:  Excerpt from:  ““ Reference Guide to Reference Guide to 
QC Testing FrequencyQC Testing Frequency ””

(for ATCC QC strains after 20(for ATCC QC strains after 20 --30 consecutive days of satisfactory 30 consecutive days of satisfactory 
daily testing)daily testing)

Monitor all drugs not Monitor all drugs not 
just those implicated in just those implicated in 
software modificationsoftware modification

XXSoftware update that Software update that 
affects AST resultsaffects AST results

In addition, perform inIn addition, perform in --
house validation studieshouse validation studies

XXUse new manufacturer Use new manufacturer 
of MIC testof MIC test

XXUse new shipment or Use new shipment or 
lot numberlot number

CommentsComments20 or 3020 or 305511MIC test modificationMIC test modification

No. of days of consecutive No. of days of consecutive 
QC testing required QC testing required a

CLSI M100CLSI M100--S19 Table 4ES19 Table 4E

aDoes not eliminate the need for routine weekly or d aily QC testing.



MaintainingMaintaining
Quality Control Quality Control 

Strains (1)Strains (1)

CLSI M02CLSI M02--A10. A10. 
CLSI M07CLSI M07--A8. A8. 

Stock cultureStock culture

Working stock culture Working stock culture –– week 1week 1

Working stock culture Working stock culture –– week 2week 2

Use for QC testsUse for QC tests

Use for QC testsUse for QC tests



MaintainingMaintaining
Quality Control Strains (2)Quality Control Strains (2)

♦♦E. coliE. coli ATCC 35218; ATCC 35218; K. pneumoniaeK. pneumoniae
ATCC 700603 ATCC 700603 
–– BetaBeta --lactamase producers lactamase producers 
–– BetaBeta --lactamase is plasmidlactamase is plasmid --mediatedmediated
– Store at -60 °C or lower to prevent loss of 

plasmid; if plasmid is lost, strain would appear 
susceptible to beta-lactams



E. coliE. coli ATCC 25922             ATCC 25922             E. coliE. coli ATCC 35218ATCC 35218
ββ--lactamase neg lactamase neg ββ--lactamase poslactamase pos

AMAM--SULBSULBAMAM--SULBSULB

AMAM AMAM



Some Additional Notes Re: QC TestingSome Additional Notes Re: QC Testing

♦Keep 20-30 day QC records indefinitely
♦Use manufacturer’s QC ranges if different 

from CLSI ranges (see CLSI M100CLSI M100--S19 S19 
Table 4E; Note 4)  Table 4E; Note 4)  
♦For screen tests:

– If perform at least once/week, weekly QC OK
– Exception oxacillin-salt MRSA – QC daily



Why do we reviewWhy do we review ”” results of results of 
patientpatient ’’s isolates?s isolates?

♦♦Testing routine QC strains Testing routine QC strains doesndoesn ’’ t ensure t ensure 
every result on a patientevery result on a patient ’’s isolate is accurates isolate is accurate
♦♦Patient resultsPatient results may be erroneous due to:may be erroneous due to:

–– mixed culture, misidentificationmixed culture, misidentification
–– individual drug/bug problemindividual drug/bug problem
–– other technical errorother technical error



Enterobacter Enterobacter 
aerogenesaerogenes

ampicillinampicillin RR
cefazolincefazolin RR
cefoxitincefoxitin RR
ceftriaxoneceftriaxone SS
ciprofloxacin     ciprofloxacin     SS
gentamicin gentamicin SS
pippip --tazotazo SS
trimtrim --sulfasulfa SS

Review:Review:
♦♦Do ID and AST results Do ID and AST results 

correlatecorrelate ??
♦♦Were appropriate Were appropriate drugs drugs 

reportedreported ??
♦♦Are results from Are results from similar similar 

drugsdrugs (drug class) OK?(drug class) OK?
♦♦Were appropriate Were appropriate 

commentscomments added?added?

“Combination therapy (e.g., β-lactam + 
aminoglycoside or fluoroquinolone) should be 
considered for this Enterobacter aerogenes ”



What do we mean by What do we mean by ““ intrinsicintrinsic ”” or or 
““ acquiredacquired ”” resistance?resistance?

♦♦ Intrinsic RIntrinsic R –– natural or innate R a natural or innate R a 
bacterium possess to some antimicrobial bacterium possess to some antimicrobial 
agentsagents
–– Vancomycin resistance in Vancomycin resistance in E. coliE. coli ; vancomycin too ; vancomycin too 

large to get through cell surface of gramlarge to get through cell surface of gram --negative negative 
bacteriabacteria

♦♦Acquired RAcquired R –– R in a bacterium that was R in a bacterium that was 
previously susceptible that occurs as a previously susceptible that occurs as a 
result of: result of: 
–– Chance gene mutationChance gene mutation

–– Acquisition of R genes from another bacteriumAcquisition of R genes from another bacterium



http://http:// www.eucast.orgwww.eucast.org //



Intrinsic resistanceIntrinsic resistance



Exceptional phenotypesExceptional phenotypes
(similar to CLSI (similar to CLSI ““ Verification TableVerification Table ”” ))



Interpretive RulesInterpretive Rules
(similar to CLSI (similar to CLSI ““ CommentsComments ”” ) ) 



CLSI Table 1CLSI Table 1
Drugs to Test/ReportDrugs to Test/Report

CLSI IntroductionCLSI Introduction
““ Warning CommentsWarning Comments ””



CLSI M100CLSI M100--S19 Appendix ES19 Appendix E
Verification TableVerification Table

Includes Includes ““ Exceptional PhenotypesExceptional Phenotypes ””



Excerpt from Appendix E:Excerpt from Appendix E:
Results that should be verifiedResults that should be verified

oxacillin oxacillin –– RRdaptomycin daptomycin -- NSNS
linezolid linezolid –– NSNS
quinquin --dalfo dalfo –– I or RI or R
vancomycin vancomycin –– I or RI or R

Staphylococcus Staphylococcus 
aureusaureus

…………………………………………………………………………………………………………………………………………………………..

ESBL confirmed ESBL confirmed 
positivepositive

Category IICategory II
Confirm Confirm –– institution institution 

specificspecific

ampicillin ampicillin –– SSKlebsiellaKlebsiella spp.spp.

Category ICategory I
Confirm at all labsConfirm at all labsOrganism or GroupOrganism or Group

CLSI M100CLSI M100--S19 Appendix E.S19 Appendix E.NS, not susceptibleNS, not susceptible



CLSI M100CLSI M100--S19 S19 
Verification TablesVerification Tables

♦♦Category I Category I –– ALL SHOULD VERIFYALL SHOULD VERIFY
–– Not been reportedNot been reported
–– UncommonUncommon
–– Prone to technical errorsProne to technical errors

♦♦Category II Category II –– each laboratory to each laboratory to 
decide if they will verifydecide if they will verify
–– Uncommon at Uncommon at some institutionssome institutions
–– Prone to technical errorsProne to technical errors



How do we How do we ““ confirmconfirm ”” or or ““ verifyverify ””
results on patientresults on patient ’’s isolates?s isolates?

♦♦Check transcriptionCheck transcription
♦♦Reexamine plate/tray, purity plate, etc. Reexamine plate/tray, purity plate, etc. 

……make sure no contaminationmake sure no contamination
♦♦Check previous isolates on patient Check previous isolates on patient 
IF the above are not revealingIF the above are not revealing
THEN THEN ……....
♦♦Confirm ID  Confirm ID  and/orand/or
♦♦Repeat AST (sometimes different method)Repeat AST (sometimes different method)
♦♦Get assistance from referral labGet assistance from referral lab



More on the More on the ““ verification processverification process ”…”… ..

♦♦Repeat testRepeat test (same method)(same method)
–– If suspect isolate problem, e.g., If suspect isolate problem, e.g., 

•• Occult contamination?Occult contamination?
•• Inadequate inoculum?Inadequate inoculum?

♦♦Repeat testRepeat test (alternate method)(alternate method)
–– If suspect problem with test systemIf suspect problem with test system

•• Had same or similar problem with drug/bug previousl yHad same or similar problem with drug/bug previousl y

–– If strain grows poorly in test systemIf strain grows poorly in test system
–– Use CLSI reference method (DD or MIC) or Use CLSI reference method (DD or MIC) or 

commercial test that is FDA cleared for drug/bugcommercial test that is FDA cleared for drug/bug



CAP ChecklistCAP Checklist
MIC.21950MIC.21950

♦♦Does the Does the procedure manualprocedure manual address address 
unusual or inconsistent antimicrobial unusual or inconsistent antimicrobial 
susceptibility testing results?susceptibility testing results?
–– Testing QC strains doesnTesting QC strains doesn ’’ t guarantee accurate t guarantee accurate 

patient resultspatient results
–– Unusual or inconsistent results should be Unusual or inconsistent results should be 

investigatedinvestigated



Examples: Examples: ““ VerifyVerify ”” AST Results (1)AST Results (1)

R**R**SSSSImipenemImipenem

SS
SS

SS
SS
SS
SS
RR

KlebsiellaKlebsiella
pneumoniaepneumoniae

R**R**
RR

RR
RR
RR
RR
RR

StenotrophomonasStenotrophomonas
maltophiliamaltophilia

SSTrimethTrimeth --sulfasulfa
SSTobramycinTobramycin

R*R*GentamicinGentamicin
SSCeftriaxoneCeftriaxone
SSCefoxitinCefoxitin
SSCefazolinCefazolin
SSAmpicillinAmpicillin

E. coliE. coliAntimicrobialAntimicrobial
AgentAgent

* Atypical results* Atypical results ; ; probable errorprobable error
**Uncommon results in many facilities; confirm**Uncommon results in many facilities; confirm



Examples: Examples: ““ VerifyVerify ”” AST Results (2)AST Results (2)

NANANANAS*S*CefazolinCefazolin

NANANANARROxacillinOxacillin

R***R***
SS

SS
SS

SS

StreptococcusStreptococcus
pneumoniaepneumoniae

SS
SS

NANA
NANA

R**R**

EnterococcusEnterococcus
faecalisfaecalis

SS
RR

RR
RR

RR

StaphylococcusStaphylococcus
aureusaureus

VancomycinVancomycin
PenicillinPenicillin

ErythromycinErythromycin
ClindamycinClindamycin

AmpicillinAmpicillin

AntimicrobialAntimicrobial
AgentAgent

** OxacillinOxacillin --R staphylococci should be reported as R staphylococci should be reported as ““ RR”” to all to all ββ--lactamslactams
**** Atypical results; possible identification error (Atypical results; possible identification error ( E. faeciumE. faecium are are 

ampicillinampicillin --R) R) 
******VancomycinVancomycin --R R S. pneumoniaeS. pneumoniae never reported; probable errornever reported; probable error



Examples: Examples: ““ VerifyVerify ”” AST Results  (3)AST Results  (3)

SS
SS
SS
SS
SS
SS
S*S*

KlebsiellaKlebsiella
pneumoniaepneumoniae

SS
SS
SS
RR
RR
S*S*
RR

EnterobacterEnterobacter
cloacaecloacae

RR
SS
SS
RR
RR
RR
S*S*

PseudomonasPseudomonas
aeruginosaaeruginosa

TrimethTrimeth --sulfasulfa
TobramycinTobramycin
GentamicinGentamicin
CeftriaxoneCeftriaxone
CefoxitinCefoxitin
CefazolinCefazolin
AmpicillinAmpicillin

AntimicrobialAntimicrobial
AgentAgent

*Species *Species ““ intrinsicallyintrinsically ”” R to agent highlighted; edit R to agent highlighted; edit 
““ SS”” to to ““ RR”” ????



Klebsiella pneumoniaeKlebsiella pneumoniae

ampicillinampicillin S  RS  R
cefazolincefazolin SS
cefoxitincefoxitin SS
ceftriaxoneceftriaxone SS
ciprofloxacin     ciprofloxacin     SS
gentamicin gentamicin SS
pippip --tazotazo SS
trimtrim --sulfasulfa SS

Checklist for editing Checklist for editing 
ampicillin ampicillin ““ SS”” to to ““ RR””
♦♦Is K. pneumoniae intrinsically Is K. pneumoniae intrinsically 

““ RR”” to ampicillin?to ampicillin?
♦♦Are ID test results OK?   Are ID test results OK?   
♦♦Did tech performing AST Did tech performing AST 

follow the procedure? follow the procedure? 
(inoculum preparation critical)(inoculum preparation critical)
♦♦Was AST growth satisfactory?Was AST growth satisfactory?
♦♦Was AST QC in controlWas AST QC in control ??



UCLA Additional UCLA Additional ““ SS”” to to ““ RR””
Editing Rules (based on intrinsic R)Editing Rules (based on intrinsic R)

ampicillinampicillinKlebsiellaKlebsiella oxytocaoxytoca
Klebsiella pneumoniaeKlebsiella pneumoniae

ampicillinampicillin
ampicillinampicillin --sulbactam sulbactam 
cefazolin cefazolin 

Citrobacter freundiiCitrobacter freundii
Enterobacter Enterobacter aerogenesaerogenes
Enterobacter cloacaeEnterobacter cloacae
Morganella morganiiMorganella morganii
Proteus vulgarisProteus vulgaris
Providencia stuartiiProvidencia stuartii
Serratia marcescens Serratia marcescens 

Edit Edit ““ SS”” to to ”” RR””OrganismsOrganisms



CLSI CLSI ““ SS”” to to ““ RR”” Editing RulesEditing Rules

Inducible clindamycin Inducible clindamycin 
resistanceresistance

Oxacillin Oxacillin ““ RR”” **

ESBL positive*ESBL positive*
CriteriaCriteria

ClindamycinClindamycinStaphylococcusStaphylococcus spp.spp.
Beta streptococciBeta streptococci

All All ßß--lactamslactamsStaphylococcusStaphylococcus spp.spp.

Cephalosporins Cephalosporins 
(not cephamycins), (not cephamycins), 
penicillins, (NOT penicillins, (NOT ßß--
lactamlactam --ßß--lactamaselactamase
inhibitor inhibitor 
combinations), combinations), 
aztreonamaztreonam

E. coliE. coli
Klebsiella spp.Klebsiella spp.
Proteus mirabilisProteus mirabilis

Edit any Edit any ““ SS”” to to ”” RR””OrganismsOrganisms

*listed with *listed with ”” WarningWarning ”” commentcomment CLSI M100CLSI M100--S19.S19.



Editing rules are based on ID and AST Editing rules are based on ID and AST 
results being accurate!!! So, when editing results being accurate!!! So, when editing 
““ SS”” to to ““ RR”” , we must consider, we must consider ……..

♦♦CompetencyCompetency of personnel doing testingof personnel doing testing
–– Follow procedural steps precisely Follow procedural steps precisely 
♦♦Testing of pure cultures Testing of pure cultures –– use use purity plates purity plates 

for broth MIC testsfor broth MIC tests
♦♦Reliability of Reliability of organism IDorganism ID
♦♦Reliability of Reliability of AST resultsAST results that invoke editthat invoke edit
♦♦ Impact to patient managementImpact to patient management
♦♦Situations where it would be wise to Situations where it would be wise to 

confirm initial results prior to reporting confirm initial results prior to reporting 
edited results edited results 



How can we handle How can we handle 
all of this????all of this????



NeedNeed…………
““ Artificial IntelligenceArtificial Intelligence ”” to:to:
♦♦ Flag atypical / inconsistent resultsFlag atypical / inconsistent results
♦♦ Suggest confirmatory testsSuggest confirmatory tests
♦♦ Report appropriate drugsReport appropriate drugs
♦♦ Edit Edit ““ SS”” or or ““ II”” results to results to ““ RR””
♦♦ Add comments to reportAdd comments to report

andand

AST

““ Informed Clinical Informed Clinical 
Laboratory Scientists!Laboratory Scientists! ””



Summary Summary -- Ensuring Quality of ASTEnsuring Quality of AST
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Summary (1)Summary (1)
♦♦Both the Both the ““ ManufacturerManufacturer ”” of AST systems and of AST systems and 

the the ““ UserUser ”” play a role in obtaining play a role in obtaining ““ qualityquality ””
AST results.AST results.
♦♦The The ““ UserUser ”” must make sure: materials are must make sure: materials are 

stored properlystored properly ; testing is performed ; testing is performed 
according to protocolaccording to protocol ; and staff are properly ; and staff are properly 
trainedtrained . . 
♦♦ ““ QC strainsQC strains ”” should be tested daily, weekly, should be tested daily, weekly, 

or concurrent with testing patientor concurrent with testing patient ’’s isolates.s isolates.
♦♦ ““ Supplemental QC strainsSupplemental QC strains ”” may be tested in may be tested in 

select circumstances.select circumstances.



Summary (2)Summary (2)
♦♦Once a laboratory has demonstrated Once a laboratory has demonstrated 

satisfactory performance of daily QC, satisfactory performance of daily QC, weekly weekly 
QCQC is acceptable. is acceptable. 
♦♦ If QC results are If QC results are outout --ofof --controlcontrol , patient results , patient results 

must not be reported until the outmust not be reported until the out --ofof --control control 
results are investigated.results are investigated.
♦♦QC strains must be QC strains must be stored properlystored properly to ensure to ensure 

their antimicrobial susceptibility patterns are their antimicrobial susceptibility patterns are 
maintained.maintained.
♦♦Patient resultsPatient results may be incorrect even when may be incorrect even when 

QC is in control.QC is in control.



Summary (3)Summary (3)
♦♦All patientAll patient ’’s results must be examined before s results must be examined before 

reporting. Uncommon results should be reporting. Uncommon results should be 
confirmed or verified.confirmed or verified.
♦♦ ““ Artificial intelligenceArtificial intelligence ”” or or ““ ExpertExpert ”” software software 

can be extremely helpful to highlight potential can be extremely helpful to highlight potential 
problem results. problem results. 





ResultResultDrugDrug

RRgentamicingentamicin

RRcefepimecefepime

RRtrimethtrimeth --sulfasulfa
RRtobramycintobramycin
RRpiperpiper --tazobactamtazobactam
RRimipenemimipenem

RRciprofloxacinciprofloxacin
RRceftriaxoneceftriaxone

RRamikacinamikacin

If not previously seen in your facility, verify res ultsIf not previously seen in your facility, verify res ults

Example 1:Example 1:
Ensure results are Ensure results are 

accurate:accurate:

Klebsiella pneumoniaeKlebsiella pneumoniae



IsolateIsolate

RR
RR
RR
RR
RR
RR
RR
RR
RR
BBAADrugDrug

SSgentamicingentamicin

RRcefepimecefepime

RRtrimethtrimeth --sulfasulfa
RRtobramycintobramycin
RRpiperpiper --tazobactamtazobactam
RRimipenemimipenem

RRciprofloxacinciprofloxacin
RRceftriaxoneceftriaxone

RRamikacinamikacin

A A –– KPCKPC--producing producing K. pneumoniaeK. pneumoniae endemic strain in ICUendemic strain in ICU
B B –– new patient with new patient with KPCKPC--producing producing K. pneumoniaeK. pneumoniae in ICU; in ICU; 

verify verify gentamicingentamicin (and other?) results(and other?) results

Example 2:Example 2:
Ensure results are Ensure results are 

accurate:accurate:

Klebsiella pneumoniaeKlebsiella pneumoniae


