
Detection and Reporting of Detection and Reporting of 
Antimicrobial Resistance: gram Antimicrobial Resistance: gram 
positives (MRSA, VISA, positives (MRSA, VISA, 
VRSA, VRE, VRSA, VRE, SpneuSpneu))

Janet Hindler, MCLS MT(ASCP)Janet Hindler, MCLS MT(ASCP)
UCLA Medical CenterUCLA Medical Center
Los Angeles, CaliforniaLos Angeles, California
jhindler@ucla.edujhindler@ucla.edu



At the conclusion of this talk, you At the conclusion of this talk, you 
will be able towill be able to …………
♦♦Describe the methods available for Describe the methods available for 

detection of detection of MRSAMRSA..
♦♦Discuss concerns related to Discuss concerns related to vancomycinvancomycin

and and S. aureus S. aureus including VISA, VRSA and including VISA, VRSA and 
hVISA.hVISA.
♦♦List points to consider for AST of List points to consider for AST of 

coagulasecoagulase --negative staphylococci (CoNS).negative staphylococci (CoNS).
♦♦Describe the recent changes in Describe the recent changes in penicillinpenicillin

breakpoints forbreakpoints for Streptococcus pneumoniaeStreptococcus pneumoniae



Antimicrobial Agent Options for Antimicrobial Agent Options for 
MSSA MSSA InfectionsInfections

Predictable activityPredictable activity
dicloxacillindicloxacillin / / nafcillinnafcillin
cephalexincephalexin / cefazolin/ cefazolin
amoxicillinamoxicillin --clavulanic acidclavulanic acid
ampicillinampicillin --sulbactamsulbactam
carbapenem (e.g., imipenem)carbapenem (e.g., imipenem)
vancomycinvancomycin
daptomycindaptomycin
linezolidlinezolid
quinupristinquinupristin --dalfopristindalfopristin
tigecyclinetigecycline

Need ASTNeed AST
clindamycinclindamycin
trimethoprimtrimethoprim --sulfasulfa
macrolide (e.g. macrolide (e.g. 

clarithromycin)clarithromycin)
tetracyclinetetracycline
fluoroquinolone (e.g. fluoroquinolone (e.g. 

ciprofloxacin)ciprofloxacin)
(gentamicin)(gentamicin)
(rifampin)(rifampin)

BetaBeta --
lactamslactams



Antimicrobial Agent Options for Antimicrobial Agent Options for 
MRSA MRSA InfectionsInfections

Predictable activityPredictable activity
dicloxacillindicloxacillin / / nafcillinnafcillin
cephalexincephalexin / cefazolin/ cefazolin
amoxicillinamoxicillin --clavulanic acidclavulanic acid
ampicillinampicillin --sulbactamsulbactam
carbapenem (e.g., imipenem)carbapenem (e.g., imipenem)
vancomycinvancomycin
daptomycindaptomycin
linezolidlinezolid
quinupristinquinupristin --dalfopristindalfopristin
tigecyclinetigecycline

Need ASTNeed AST
clindamycinclindamycin
trimethoprimtrimethoprim --sulfasulfa
macrolide (e.g. macrolide (e.g. 

clarithromycin)clarithromycin)
tetracyclinetetracycline
fluoroquinolone (e.g. fluoroquinolone (e.g. 

ciprofloxacin)ciprofloxacin)
(gentamicin)(gentamicin)
(rifampin)(rifampin)

BetaBeta --
lactamslactams



MRSA MRSA MRSA MRSA MRSA MRSA MRSA MRSA –––––––– methicillinmethicillinmethicillinmethicillinmethicillinmethicillinmethicillinmethicillin--------resistant resistant resistant resistant resistant resistant resistant resistant S. aureusS. aureusS. aureusS. aureusS. aureusS. aureusS. aureusS. aureus
-------- Oxacillin vs. cefoxitin tests to detect                  Oxacillin vs. cefoxitin tests to detect                  Oxacillin vs. cefoxitin tests to detect                  Oxacillin vs. cefoxitin tests to detect                  Oxacillin vs. cefoxitin tests to detect                  Oxacillin vs. cefoxitin tests to detect                  Oxacillin vs. cefoxitin tests to detect                  Oxacillin vs. cefoxitin tests to detect                  
mecmecmecmecmecmecmecmecAAAAAAAA--------mediated oxacillin resistancemediated oxacillin resistancemediated oxacillin resistancemediated oxacillin resistancemediated oxacillin resistancemediated oxacillin resistancemediated oxacillin resistancemediated oxacillin resistance



Tests for Tests for mecmec AA--mediated Oxacillin mediated Oxacillin 
Resistance in Resistance in S. aureusS. aureus

♦♦Phenotypic testsPhenotypic tests
–– Disk diffusion or MIC Disk diffusion or MIC 

•• Cefoxitin Cefoxitin as a surrogateas a surrogate
–– Report results for Report results for OXACILLINOXACILLIN , not cefoxitin, not cefoxitin

•• OxacillinOxacillin
–– OxacillinOxacillin --salt agarsalt agar screen for screen for S. aureusS. aureus

♦♦Detection of Detection of gene or gene productgene or gene product
–– Gene = Gene = mecmec AA
–– Gene product = penicillin binding protein Gene product = penicillin binding protein (PBP) 2a(PBP) 2a



Specimen:  Joint fluidSpecimen:  Joint fluid
Diagnosis:  Septic arthritisDiagnosis:  Septic arthritis

Staphylococcus aureusStaphylococcus aureus

(cefoxitin(cefoxitin ≤≤4 S)4 S)
clindamycin clindamycin >8 R>8 R
erythromycinerythromycin >8 R>8 R
oxacillinoxacillin 4 R4 R
penicillinpenicillin RR
vancomycin        vancomycin        ≤≤0.5 S0.5 S

MIC (MIC (µµg/mlg/ml ))

What should we do?What should we do?
(commercial panels often contain both cefoxitin and  oxacillin)(commercial panels often contain both cefoxitin and  oxacillin)



Results for 135 Results for 135 ““ DifficultDifficult ”” Isolates Isolates 
of of S. aureusS. aureus

50%50%2828282885%85%67671212OX salt agar 24hOX salt agar 24h

95953353539999787811*CX*CX--MIC 18hMIC 18h
5959232333339191727277OX DD 24hOX DD 24h

mecmec A neg (n=56)A neg (n=56)mecmec A pos (n=79)A pos (n=79)

No. w/ resultNo. w/ resultNo. w/ resultNo. w/ result
SPECSPECI or RI or RSSSENSSENSI or RI or RSSMethodMethod

88%88%7*7*494985%85%67671212OX MIC 24hOX MIC 24h

100%100%00565698%98%777722CXCX--DD 18hDD 18h

Swenson et al. 2007. Diagn Microbiol Infect Dis. 58 :33.Swenson et al. 2007. Diagn Microbiol Infect Dis. 58 :33.

* borderline MRSA* borderline MRSA* borderline MRSA* borderline MRSA* borderline MRSA* borderline MRSA* borderline MRSA* borderline MRSA



Detection of Oxacillin ResistanceDetection of Oxacillin Resistance
in in S. aureusS. aureus

resistant resistant a a ≥≥ 44NegNeg
susceptiblesusceptible≤≤ 22NegNeg

resistantresistantany any PosPos

Report oxacillinReport oxacillinOxacillin MIC (Oxacillin MIC ( µµg/ml)g/ml)mecmec A or PBP2aA or PBP2a

aa Rare occurrence of oxacillin resistance mechanisms other    Rare occurrence of oxacillin resistance mechanisms other    
than than mecmec A (e.g. A (e.g. ““ borderlineborderline ”” oxacillin resistance)oxacillin resistance) ……
““ These isolates may test susceptible to cefoxitinThese isolates may test susceptible to cefoxitin ””

CLSI M100CLSI M100--S19. Table 2C.S19. Table 2C.



Cefoxitin Tests forCefoxitin Tests for
mecmec AA--mediatedmediated Oxacillin Resistance Oxacillin Resistance 

in in S. aureusS. aureus

♦♦Highly sensitive and specific in Highly sensitive and specific in 
detecting detecting mecmec AA--mediated resistance; mediated resistance; 
better than oxacillin for better than oxacillin for ““ difficult to difficult to 
detect MRSAdetect MRSA ””
♦♦Fails to detect oxacillinFails to detect oxacillin --R R mecmec A A 

negative isolates (e.g., negative isolates (e.g., ““ borderlineborderline ””
isolates)isolates)



What about What about ““ borderline MRSAborderline MRSA ”” ??

♦♦mecmec A negative and oxacillin MICs slightly A negative and oxacillin MICs slightly 
above above ““ RR”” breakpointbreakpoint
♦♦Mechanisms:Mechanisms:

1)1)ββ--lactamase lactamase -- ⇑⇑ ββ--lactamase causes lactamase causes ⇑⇑ oxacillin MICoxacillin MIC
2) 2) MODMOD--SA SA -- modified PBPs 1,2,4modified PBPs 1,2,4

♦♦ Infrequently encounteredInfrequently encountered
♦♦Limited Limited clinical informationclinical information in literature re: in literature re: 

therapytherapy
•• May be treatable with May be treatable with ββ--lactamlactam agents agents 
•• Some reports that they do respond to Some reports that they do respond to ββ--lactamlactam

Chambers. 1997. Clin Microbiol Rev. 10:781.Chambers. 1997. Clin Microbiol Rev. 10:781.



CloxacillinCloxacillin Clinical Failure for Clinical Failure for 
Endocarditis due to Borderline Endocarditis due to Borderline 
Oxacillin Resistant Oxacillin Resistant S. aureusS. aureus

♦♦ 43 43 yoyo IV drug userIV drug user
♦♦ Past 16 months, Past 16 months, 4 admissions for MSSA4 admissions for MSSA endocarditis, endocarditis, 

osteomyelitisosteomyelitis
–– Incomplete Rx Incomplete Rx –– pt. left against medical advicept. left against medical advice
–– Rx. Rx. cloxacillincloxacillin + rifampin+ rifampin

♦♦ 5th admission blood cultures 5th admission blood cultures –– S. aureusS. aureus ((mecmec A neg)A neg)
–– Oxacillin: MIC = 12 Oxacillin: MIC = 12 µµg/ml (Etest); g/ml (Etest); ≥≥4 4 µµg/ml (Vitek2); no zone (KB)g/ml (Vitek2); no zone (KB)
–– Rifampin Rifampin –– RR
–– Pt responded to vancomycinPt responded to vancomycin
–– Some Some S. aureusS. aureus isolates atypical phenotypeisolates atypical phenotype

Skinner et al. 2009. J Clin Microbiol. 47:859.Skinner et al. 2009. J Clin Microbiol. 47:859.



Commercial AST SoftwareCommercial AST Software
S. aureusS. aureus –– OX / CX TestingOX / CX Testing

ExpertizeExpertize RRRRSS

ExpertizeExpertize R*R*SSRR
RRRRRR
SSSSSS

Report:Report:CXCXOXOX

*may be borderline MRSA*may be borderline MRSA



Phoenix Phoenix vs. Cefoxitin Disk Diffusionvs. Cefoxitin Disk Diffusion
S. aureusS. aureus (N=1,066: 347 MRSA, 719 MSSA)(N=1,066: 347 MRSA, 719 MSSA)

PosPosRRSSRR11
PosPosRRRRSS66

PhoenixPhoenix

RR
CXCX

NegNegS*S*RR11
PBP2a PBP2a CXCX--DDDDOXOXNN

MencacciMencacci , et al. 2009. JCM. 47:2288., et al. 2009. JCM. 47:2288.

•• Isolates collected from 2006Isolates collected from 2006 --2007 (Italy)2007 (Italy)
•• Variety of sources Variety of sources 
•• Phoenix: Phoenix: 100% sensitivity100% sensitivity ; 99.86% specificity; 99.86% specificity

*Broth dilution MIC (*Broth dilution MIC ( µµg/ml): oxacillin = 1; cefoxitin = 4 g/ml): oxacillin = 1; cefoxitin = 4 

DiscrepanciesDiscrepancies
Between OX/CXBetween OX/CX



Phoenix Phoenix and Vitek 2 vs. and Vitek 2 vs. mecmec A A 
S. aureusS. aureus (N=620: 448 MRSA; 172 MSSA)(N=620: 448 MRSA; 172 MSSA)

SpecificitySpecificitySensitivitySensitivity
System System 

99.499.410010099.499.499.899.899.199.198.298.2Vitek 2Vitek 2
10010010010010010099.899.899.899.897.897.8PhoenixPhoenix

CombinedCombinedCXCXOXOXCombinedCombinedCXCXOXOX

JunkinsJunkins et al. 2009. et al. 2009. 
JCM. Epub 22 July 2009.JCM. Epub 22 July 2009.

Phoenix:Phoenix:
1 1 mecmec A positive isolate S to both OX and CXA positive isolate S to both OX and CX
9 OX9 OX--S/CXS/CX--R (R (mecmec A +) changed to OX R A +) changed to OX R 

Vitek 2:Vitek 2:
1 1 mecmec A positive isolate S to both OX and CXA positive isolate S to both OX and CX
1 1 mecmec A negative isolate R to OX and S to CS A negative isolate R to OX and S to CS 
7 OX7 OX--S/CXS/CX--R (R (mecmec A +) changed to OX RA +) changed to OX R
3 OX3 OX--R/CXR/CX--S (3 S (3 mecmec A +, 1 A +, 1 mecmec A A --) changed to OX R) changed to OX R



Specimen:  Joint fluidSpecimen:  Joint fluid
Diagnosis:  Septic arthritisDiagnosis:  Septic arthritis

Staphylococcus aureusStaphylococcus aureus

clindamycin clindamycin >8 R>8 R
erythromycinerythromycin >8 R>8 R
oxacillinoxacillin 4 R4 R
penicillinpenicillin RR
vancomycin        vancomycin        ≤≤0.5 S0.5 S

MIC (MIC (µµg/ml)g/ml)

Final ReportFinal Report

If oxacillin If oxacillin oror cefoxitin = cefoxitin = RR
then report then report oxacillin Roxacillin R

May be a rare May be a rare ““ borderline oxacillinborderline oxacillin --RR”” isolate. isolate. 
Currently, no rule to distinguish these from Currently, no rule to distinguish these from mecmec A strains.A strains.



How should we How should we define MRSAdefine MRSA ??

♦♦mecmec A?A?
♦♦Oxacillin MIC >2 Oxacillin MIC >2 µµg/ml?g/ml?

Definition may be a Definition may be a hospitalhospital --
acquired infection (HAI)acquired infection (HAI) issue as issue as 
well as a clinical issuewell as a clinical issue



Scenario: MRSA Surveillance vs. Scenario: MRSA Surveillance vs. 
Diagnostic Testing for MRSADiagnostic Testing for MRSA

♦♦PatientPatient ’’s results:s results:
–– MRSA surveillance: negativeMRSA surveillance: negative
–– Wound culture:  MRSA (oxacillin MIC 4 Wound culture:  MRSA (oxacillin MIC 4 µµg/ml) g/ml) 

Surveillance tests:  target Surveillance tests:  target mecmec AA
Diagnostic tests:    target Diagnostic tests:    target mecmec A and/or oxacillin MIC >2 A and/or oxacillin MIC >2 µµg/mlg/ml

Is this an HAI?Is this an HAI?



Penicillin and Penicillin and Penicillin and Penicillin and Penicillin and Penicillin and Penicillin and Penicillin and StaphylococcusStaphylococcusStaphylococcusStaphylococcusStaphylococcusStaphylococcusStaphylococcusStaphylococcus spp. spp. spp. spp. spp. spp. spp. spp. 
-------- Induced Induced Induced Induced Induced Induced Induced Induced ββ--------lactamase testinglactamase testinglactamase testinglactamase testinglactamase testinglactamase testinglactamase testinglactamase testing



Specimen:  BoneSpecimen:  Bone
Diagnosis:  Diagnosis:  OsteomyelitisOsteomyelitis

Staphylococcus aureusStaphylococcus aureus

clindamycin clindamycin ≤≤0.5 S0.5 S
erythromycinerythromycin ≤≤0.5 S0.5 S
oxacillinoxacillin ≤≤0.25 S0.25 S
penicillinpenicillin ≤≤0.06 S0.06 S
vancomycinvancomycin ≤≤0.5 S0.5 S

MIC (MIC (µµg/ml)g/ml)

What should we do?What should we do?



http://http:// www.gpcsusceptibilitydata.com/content/home.asp?pagewww.gpcsusceptibilitydata.com/content/home.asp?page =home=home

Penicillin only 10.1% Penicillin only 10.1% ““ SS””



StaphylococcusStaphylococcus spp. spp. -- PenicillinPenicillin

♦♦ An An induced induced ββ--lactamaselactamase test should be performed on test should be performed on 
staphylococcal isolates if penicillinstaphylococcal isolates if penicillin ……
–– MIC MIC ≤≤0.12 0.12 µµg/mlg/ml
–– Zone diameter Zone diameter ≥≥29 mm29 mm

……..before reporting the isolate as penicillin suscep tible..before reporting the isolate as penicillin suscep tible

CLSI M100CLSI M100--S19. Table 2C. S19. Table 2C. 

SS RRSS RR



Example of Induced Example of Induced ßß--lactamase Testlactamase Test

OxacillinOxacillin
(inducer)(inducer)

--Sub isolate to agar (e.g., BAP, MHA) Sub isolate to agar (e.g., BAP, MHA) 
--Drop Drop ßß--lactam disk (e.g., oxacillin, lactam disk (e.g., oxacillin, 
cefoxitin)cefoxitin)

-- Incubate overnightIncubate overnight
--Test cells from periphery of zoneTest cells from periphery of zone
-- If If ββ--lactamase positive (with or lactamase positive (with or 
without induction), report penicillin Rwithout induction), report penicillin R

PosPos NegNeg



StaphylococcusStaphylococcus aureusaureus
Phenotypic Methods for Penicillinase (1) Phenotypic Methods for Penicillinase (1) 

2828197197TotalTotal
232399990.120.12
5581810.060.06
0017170.030.03

blabla ZZ ++NNPenicillin Penicillin 
MIC (MIC (µµg/ml)*g/ml)*

KaaseKaase et al. 2008. Clin Microbiol Infect. 14:614.et al. 2008. Clin Microbiol Infect. 14:614.

197 197 S. aureusS. aureus with with ““ SS”” penicillin MICspenicillin MICs

*Vitek 2*Vitek 2

blabla ZZ = gene coding for penicillinase production in = gene coding for penicillinase production in S. aureusS. aureus



StaphylococcusStaphylococcus aureusaureus
Phenotypic Methods for Penicillinase (2)Phenotypic Methods for Penicillinase (2)

11/28 (39.3)11/28 (39.3)20/28 (71.4)20/28 (71.4)16/28 (57.1)16/28 (57.1)

Induced Induced NitrocefinNitrocefin
ββ--lactamase test (60 min)lactamase test (60 min)

Disk DiffusionDisk Diffusion
(sharp zone edge)(sharp zone edge)

Disk DiffusionDisk Diffusion
((≤≤28 mm zone)28 mm zone)

KaaseKaase et al. 2008. Clin Microbiol Infect. 14:614.et al. 2008. Clin Microbiol Infect. 14:614.

**OxoidOxoid nitrocefinnitrocefin stickstick

Conclusion:Conclusion: phenotypic methods may not detect staphylococci phenotypic methods may not detect staphylococci 
that have that have blabla ZZ and that might not respond to penicillin therapyand that might not respond to penicillin therapy

28 28 blabla ZZ Positive Positive S. aureusS. aureus
N (%) positive for penicillinase with 3 phenotypic methodsN (%) positive for penicillinase with 3 phenotypic methods



MSSA (N=24MSSA (N=2411) isolated over 12 days) isolated over 12 days ……
Patient JD w/ endocarditisPatient JD w/ endocarditis

PosPos

PosPos

PosPos

PosPos

PosPos

blaZblaZ
PCRPCR

MitralMitral valvevalve

MitralMitral valvevalve

Blood Blood 

Blood Blood 

BloodBlood

SourceSource

NegNeg0.12 S0.12 S111010

PosPos>2>2441010

PosPos>2>210107, 8, 10, 7, 8, 10, 
11, 1211, 12

NegNeg0.12 S0.12 S663, 4, 5, 63, 4, 5, 6

NegNeg0.25 R0.25 R331, 61, 6

NitrocefinNitrocefin
ββ--lactamaselactamase 22

Penicillin Penicillin 
MIC (MIC (µµg/ml)g/ml)

No. No. 
isolatesisolatesDayDay

CLSI Agenda Book, June 2009CLSI Agenda Book, June 2009

1 1 All isolates erythromycinAll isolates erythromycin --R, clindamycinR, clindamycin --R (inducible), same PFGE typeR (inducible), same PFGE type
2 2 Tests performed following induction with cefoxitin,  oxacillin, aTests performed following induction with cefoxitin,  oxacillin, a nd nd 

penicillin; examined following incubation @ RT for 10 and 60 minpenicillin; examined following incubation @ RT for 10 and 60 min



StaphylococcusStaphylococcus spp. spp. -- PenicillinPenicillin

♦♦UCLA protocolUCLA protocol
–– Report penicillin if Report penicillin if ““ RR””
–– Suppress penicillin if Suppress penicillin if ““ SS”” and add note and add note 

““ Contact laboratory if penicillin results Contact laboratory if penicillin results 
neededneeded ””
If penicillin needed, perform:If penicillin needed, perform:
•• induced induced ββ--lactamase testlactamase test
•• broth dilution MIC (penicillin 0.015broth dilution MIC (penicillin 0.015 --4 4 µµg/ml)g/ml)
•• retest subsequent isolates from the patient retest subsequent isolates from the patient 
•• communicate with physiciancommunicate with physician



Specimen:  BoneSpecimen:  Bone
Diagnosis:  Diagnosis:  OsteomyelitisOsteomyelitis

Staphylococcus aureusStaphylococcus aureus

clindamycin clindamycin ≤≤0.5 S0.5 S
erythromycinerythromycin ≤≤0.5 S0.5 S
oxacillinoxacillin ≤≤0.25 S0.25 S
vancomycinvancomycin ≤≤0.5 S0.5 S

MIC (MIC (µµg/ml)g/ml)

““ Contact laboratory if penicillin results neededContact laboratory if penicillin results needed ””

Final ReportFinal Report



Vancomycin and Vancomycin and S. aureusS. aureus
––VSSA VSSA –– vancomycinvancomycin --susceptible susceptible S. aureusS. aureus
––VISAVISA –––––––– vancomycinvancomycin --intermediate intermediate S. aureusS. aureus
––VRSAVRSA –– vancomycinvancomycin --resistant resistant S. aureusS. aureus
––hVISAhVISA –– heteroresistant VISAheteroresistant VISA



S. aureusS. aureus -- VancomycinVancomycin
MIC Interpretive Criteria (MIC Interpretive Criteria ( µµg/ml)g/ml)

≥≥161644--88≤≤22
ResistantResistantIntermediateIntermediateSusceptibleSusceptible

CLSI M100CLSI M100--S19; Table 2C.S19; Table 2C.
hVISA (h=heteroresistant) no CLSI recommendations f or detecting hVISA (h=heteroresistant) no CLSI recommendations f or detecting hVISAhVISA

VISAVISA VRSAVRSAVSSAVSSA

hVISAhVISA

≤≤1 1 vsvs 2 2 µµg/mlg/ml



Ability of Various Methods to Detect Levels Ability of Various Methods to Detect Levels 
of Vancomycin Susceptibility in of Vancomycin Susceptibility in S. aureusS. aureus

Vancomycin Vancomycin 
MIC (MIC (µµg/ml)g/ml)

MIC MIC 
MethodMethod

Disk Diffusion Disk Diffusion 
MethodMethod

Vancomycin Vancomycin 
Agar Screen*Agar Screen*

≤≤2 S 2 S yesyes nono yesyes

4 I4 I yesyes nono variablevariable

8 I8 I yesyes nono yesyes

16 R16 R yesyes nono yesyes

≥≥32 R 32 R yesyes yesyes yesyes

** BHI + 6 BHI + 6 µµg/ml vancomycing/ml vancomycin –– does not detect all VISAdoes not detect all VISA
**** Report following reference lab confirmationReport following reference lab confirmation

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

VSSAVSSA

VISA**VISA**

VRSA**VRSA**



Disk Diffusion (DD) Breakpoints (Disk Diffusion (DD) Breakpoints ( mmmm ))
Staphylococcus spp.Staphylococcus spp. -- VancomycinVancomycin

CLSI DocumentCLSI Document SusceptibleSusceptible IntermediateIntermediate ResistantResistant
M100M100--S18 2008S18 2008 ≥≥1515 -- --
New!New!
M100M100--S19 2009*S19 2009*

-- -- --

CLSI M100CLSI M100--S19. Table 2C. S19. Table 2C. 

For. For. S. aureusS. aureus ::

*If zone *If zone ≥≥7 mm, 7 mm, perform MIC test if vancomycin neededperform MIC test if vancomycin needed

•• Vancomycin DD is only reliable for detecting Vancomycin DD is only reliable for detecting S. aureusS. aureus
containing containing vanvan --A A (VRSA); (VRSA); must confirm no zone (must confirm no zone ( ≤≤6 mm) results 6 mm) results 

•• DD does not separate DD does not separate VSSAVSSA from from VISAVISA
•• DD does not work for CoNS  DD does not work for CoNS  



VISA VISA -- falsely falsely ““ SS”” by previous (CLSI M100by previous (CLSI M100 --S18) S18) 
vancomycin disk diffusion breakpointsvancomycin disk diffusion breakpoints ……

17 mm zone 17 mm zone ““ SS””
MIC MIC –– 8 8 µµg/ml g/ml ““ II””

S. aureusS. aureus



Vancomycin Zone Diameter Vancomycin Zone Diameter 
vs. MIC vs. MIC S. aureusS. aureus

Vancomycin Zone (mm)Vancomycin Zone (mm)
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CLSI AST Subcommittee Agenda Book. 6/08.CLSI AST Subcommittee Agenda Book. 6/08.

SUSCSUSC

RESRES

VSSAVSSA

VISAVISA

VRSAVRSA

former (2008) 15 mm cutoffformer (2008) 15 mm cutoff



Specimen:  Pleural fluidSpecimen:  Pleural fluid
Diagnosis:  PneumoniaDiagnosis:  Pneumonia
Staphylococcus aureusStaphylococcus aureus

clindamycin clindamycin >8 R>8 R
erythromycinerythromycin >8 R>8 R
oxacillinoxacillin >16 R >16 R 
penicillinpenicillin RR
vancomycin            vancomycin            2 S2 S

MIC (MIC (µµg/ml)g/ml)

Should we do anything about  Should we do anything about  
vancomycin MIC of 2 vancomycin MIC of 2 µµg/ml?g/ml?



S. aureusS. aureus -- VancomycinVancomycin
MIC Interpretive Criteria (MIC Interpretive Criteria ( µµg/ml)g/ml)

≥≥161644--88≤≤22
ResistantResistantIntermediateIntermediateSusceptibleSusceptible

CLSI M100CLSI M100--S19; Table 2C.S19; Table 2C.
hVISA (h=heteroresistant) no CLSI recommendations f or detecting hVISA (h=heteroresistant) no CLSI recommendations f or detecting hVISAhVISA

VISAVISA VRSAVRSAVSSAVSSA

hVISAhVISA

≤≤1 1 vsvs 2 2 µµg/mlg/ml



Why does it matter if vancomycin Why does it matter if vancomycin 
MIC is 1 vs. 2 MIC is 1 vs. 2 µµg/ml?g/ml?
♦♦ Based on PK/PD, there may be different clinical Based on PK/PD, there may be different clinical 

outcomes if vancomycin Rxoutcomes if vancomycin Rx
♦♦ Infectious Diseases Society of America (IDSA) Infectious Diseases Society of America (IDSA) 

Guidelines; if vancomycin MIC is:Guidelines; if vancomycin MIC is:
–– ≤≤1 1 µµgg/ml/ml –– maintain vancomycin trough serum maintain vancomycin trough serum 

concentration of 15concentration of 15 --20 mg/L20 mg/L
–– ≥≥2 2 µµgg/ml/ml -- use alternative treatmentuse alternative treatment

RybakRybak et al. Clin Infect Dis. 2009. 49:325et al. Clin Infect Dis. 2009. 49:325

♦♦ IncreasingIncreasing numbers of isolates with susceptible numbers of isolates with susceptible 
MICs of 1 and 2 MICs of 1 and 2 µµg/ml (as compared to g/ml (as compared to ≤≤0.5 0.5 
µµg/ml) g/ml) -- referred to as referred to as vancomycin vancomycin ““ creepcreep ””

........



MIC testing performed by Etest methodMIC testing performed by Etest method

Vancomycin MICs are Vancomycin MICs are ““ Creeping upCreeping up ””
MRSA Blood Isolates 2001MRSA Blood Isolates 2001 --2005 (N=662)2005 (N=662)

Steinkraus et al. 2007. J Antimicrob Chemother. 60: 788.Steinkraus et al. 2007. J Antimicrob Chemother. 60: 788.
See alsoSee also ……Wang et al. 2006. J Clin Microbiol. 44:3883.Wang et al. 2006. J Clin Microbiol. 44:3883.



Outcomes of Vancomycin Therapy in Outcomes of Vancomycin Therapy in 
92 Patients with MRSA Bacteremia 92 Patients with MRSA Bacteremia 

(2005(2005--2007)2007)

PP valuevalueVAN MIC <VAN MIC <1.5 1.5 
(26 patients)(26 patients)

VAN MIC VAN MIC ≥≥1.51.5
(66 patients)(66 patients)

OutcomeOutcome

0.020.02
0.0490.049

10.5 (9.010.5 (9.0--16.5)16.5)21 (9.021 (9.0--43.0)43.0)Hospital length of stayHospital length of stay
4 (15.4)4 (15.4)24 (36.4)*24 (36.4)*Overall failureOverall failure

LodiseLodise et al. 2008. Antimicrob Agents Chemother. 52:3315.et al. 2008. Antimicrob Agents Chemother. 52:3315.

* No. (%) of patients* No. (%) of patients
MIC testing performed by EtestMIC testing performed by Etest

See alsoSee also ……
Soriano et al. 2008. Clin Infect Dis. 46:193.Soriano et al. 2008. Clin Infect Dis. 46:193.
KollefKollef et. al. 2007. Clin Infect Dis. 45 (et. al. 2007. Clin Infect Dis. 45 ( SupplSuppl 3): S191.3): S191.



What methods should we use for routine What methods should we use for routine 
testing of vancomycin and S. aureus?testing of vancomycin and S. aureus?

♦♦ Is Is EtestEtest best?best?
–– More recent outcome data More recent outcome data 

based on Etestbased on Etest
♦♦ Method variabilityMethod variability

–– Etest MICs higher than CLSI Etest MICs higher than CLSI 
reference method MICsreference method MICs

♦♦ Reproducibility of MIC tests Reproducibility of MIC tests 
generally generally +/+/-- 1 two1 two --fold dilutionfold dilution

MIC = 1.5 MIC = 1.5 µµg/mlg/ml



Vancomycin MIC (N=101 MRSA)Vancomycin MIC (N=101 MRSA)
Etest MICs > Reference Broth Microdilution and Agar  Dilution MICEtest MICs > Reference Broth Microdilution and Agar  Dilution MIC ss

Prakash et al. 2008. Antimicrob Agents Chemother. 5 2:4528.Prakash et al. 2008. Antimicrob Agents Chemother. 5 2:4528.
See alsoSee also ……Hsu et al. 2008. Intl J Antimicrob Agents. 32:378.Hsu et al. 2008. Intl J Antimicrob Agents. 32:378.



S. aureusS. aureus -- Vancomycin MIC DistributionVancomycin MIC Distribution
UCLA 2008 (889 MSSA, 662 MRSA)UCLA 2008 (889 MSSA, 662 MRSA)
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Specimen:  Pleural fluidSpecimen:  Pleural fluid
Diagnosis:  PneumoniaDiagnosis:  Pneumonia
Staphylococcus aureusStaphylococcus aureus

clindamycin clindamycin >8 >8 RR
daptomycindaptomycin 0.5 S0.5 S
erythromycinerythromycin >8 R>8 R
linezolidlinezolid 1 S1 S
oxacillinoxacillin >16 R >16 R 
penicillinpenicillin RR
vancomycinvancomycin 2 S*2 S*

MIC (MIC (µµg/ml)g/ml)

““ *Vancomycin MIC determined by Etest method*Vancomycin MIC determined by Etest method ””

Final reportFinal report



Specimen:  BloodSpecimen:  Blood
Diagnosis:  EndocarditisDiagnosis:  Endocarditis
Staphylococcus aureusStaphylococcus aureus

clindamycin clindamycin >8 R>8 R
erythromycinerythromycin >8 R>8 R
oxacillinoxacillin >16 R >16 R 
penicillinpenicillin RR
vancomycin          vancomycin          ≤≤0.5 S0.5 S

MIC (MIC (µµg/ml)g/ml)

Could this be hVISA?Could this be hVISA?



What is hVISA*?What is hVISA*?
♦♦S. aureusS. aureus that showthat show ……..

–– vancomycin MIC vancomycin MIC ≤≤2 2 µµg/ml (S) by conventional g/ml (S) by conventional 
MIC testsMIC tests

–– subpopulation of cells with MICs subpopulation of cells with MICs 44--88 µµg/ml g/ml 
–– Increase production of Increase production of biofilmbiofilm ; more tolerant to ; more tolerant to 

““ killingkilling ”” ; poor patient outcomes; poor patient outcomes

*heteroresistant VISA*heteroresistant VISA



What might an hVISA What might an hVISA 
inoculum look like?inoculum look like?

≥≥3232161688442211≤≤0.50.5

Vancomycin MIC (Vancomycin MIC ( µµg/ml)g/ml)

Too few Too few ““ NSNS”” cells to detect with cells to detect with 
standard inoculum size in routine standard inoculum size in routine 
AST (MIC & DD results will be AST (MIC & DD results will be ““ SS”” ); ); 
often slower growingoften slower growing

NS, not susceptibleNS, not susceptible

IISS RR

= 1 bacterium



What methods have been used to What methods have been used to 
detect hVISA?detect hVISA?

♦♦ Population analysis/AUC (PAP/AUC) Population analysis/AUC (PAP/AUC) 
–– Place high inoculum on agar with varying vancomycin  Place high inoculum on agar with varying vancomycin  

concentrations and divide by area under the populat ion concentrations and divide by area under the populat ion 
curve curve (gold standard)(gold standard)

♦♦ Etest Etest (test vancomycin and teicoplanin)(test vancomycin and teicoplanin)
–– Macro method Macro method -- high inoculum (high inoculum ( McFMcF #2) on BHI#2) on BHI
–– GRD (glycopeptide resistance detection)  GRD (glycopeptide resistance detection)  
See See YusofYusof et al. 2008. JCM. 46:3042 et al. 2008. JCM. 46:3042 

♦♦ Screen platesScreen plates
–– MHA + 5 MHA + 5 µµg/ml teicoplanin g/ml teicoplanin 
–– Other screen platesOther screen plates

GRD EtestGRD Etest



Outcomes in 250 patients with Outcomes in 250 patients with 
Bacteremia due to hVISA or VSBacteremia due to hVISA or VS --MRSAMRSA

.006.00616 (7)16 (7)7 (26) 7 (26) OsteomyelitisOsteomyelitis

.007.007

.005.005

.8.8

.4.4

pp

2 (12 (1--92)92)12 (112 (1--123)123)Bacteremia, daysBacteremia, days

8 (4)8 (4)5 (19)5 (19)EndocarditisEndocarditis

12.5 (012.5 (0--184)184)12 (012 (0--207)207)Hospitalization duration, daysHospitalization duration, days

81 (36)81 (36)12 (44)*12 (44)*InfectionInfection --attributable deathattributable death

VSVS--MRSAMRSA
(N=223)(N=223)

hVISAhVISA
(N=27)(N=27)

MaorMaor et al. 2009. J Infect Dis. 199:619.et al. 2009. J Infect Dis. 199:619.

*No. (%) of patients or median value (range)*No. (%) of patients or median value (range)
hVISA identified with Etest hVISA identified with Etest macromethodmacromethod



Pt. X Pt. X –– 4 MRSA Blood Isolates (same PFGE) 4 MRSA Blood Isolates (same PFGE) 
Endocarditis Endocarditis -- failed vancomycin and daptomycin Rxfailed vancomycin and daptomycin Rx

hVISAhVISA

hVISAhVISA

hVISAhVISA

--

PAPPAP

MIC (MIC (µµg/ml)g/ml)

4 I4 I

2 S2 S

2 S2 S

1 S1 S

BMDBMD
freshfresh

VancVanc

3 (I)3 (I)

22

22

22

Std.Std.
frozenfrozen

hVISAhVISAhVISAhVISA8 I8 I4 NS4 NS12/612/6

hVISAhVISAhVISAhVISA4 I 4 I 4 NS4 NS12/412/4

--hVISAhVISA2 S2 S≤≤0.5 S0.5 S11/511/5

----2 S2 S≤≤0.5 S0.5 S9/169/16

GRDGRDMacroMacro
Std.Std.
fresh fresh 

BMDBMD
freshfresh

IsolateIsolate
DateDate

hVISA EtesthVISA Etest
VancVanc EtestEtestDaptoDapto

Tenover et al. 2009. Tenover et al. 2009. 
Intl. J. Antimicrob Agents. 33:564.Intl. J. Antimicrob Agents. 33:564.

BMD, broth microdilutionBMD, broth microdilution
Std, standard Etest McFarland 0.5 / MHAStd, standard Etest McFarland 0.5 / MHA
Fresh, isolate tested when recoveredFresh, isolate tested when recovered
Frozen, isolate tested after freezingFrozen, isolate tested after freezing
PAP, population analysisPAP, population analysis



CLSI Retesting RuleCLSI Retesting Rule

♦♦For For S. aureusS. aureus , vancomycin , vancomycin ”” SS””
isolates may become vancomycin isolates may become vancomycin ”” II””
during prolonged therapy.during prolonged therapy.

Suggestion:Suggestion:
Test subsequent isolates of Test subsequent isolates of S. aureusS. aureus from from 
similar body site after 3similar body site after 3 --4 days to see if 4 days to see if 
isolate is still vancomycinisolate is still vancomycin --S.S.

CLSI M100CLSI M100--S19. Introduction.S19. Introduction.



Specimen:  BloodSpecimen:  Blood
Diagnosis:  EndocarditisDiagnosis:  Endocarditis
Staphylococcus aureusStaphylococcus aureus

clindamycin clindamycin >8 R>8 R
erythromycinerythromycin >8 R>8 R
oxacillinoxacillin >16 R >16 R 
penicillinpenicillin RR
vancomycin          vancomycin          ≤≤0.5 S0.5 S

MIC (MIC (µµg/ml)g/ml)

““ hVISA identified by Macro Etest method; Macro hVISA identified by Macro Etest method; Macro 
Etest performed at Dr. SmithEtest performed at Dr. Smith ’’s requests request ””

Final reportFinal report



Specimen:  BloodSpecimen:  Blood
Diagnosis:  SepsisDiagnosis:  Sepsis
Staphylococcus aureusStaphylococcus aureus

clindamycin clindamycin >8 R>8 R
erythromycinerythromycin >8 R>8 R
oxacillinoxacillin >16 R >16 R 
penicillinpenicillin RR
vancomycin             vancomycin             4 I4 I

MIC (MIC (µµg/ml)g/ml)

What about VISA?What about VISA?



VISAVISA

Atypical for Atypical for S. aureusS. aureusColony appearance:Colony appearance:

Often difficult; phenotype Often difficult; phenotype 
unstableunstable

Detection:Detection:
Less than 100Less than 100# reported in USA:# reported in USA:
Thickened cell wallThickened cell wallResistance due to:Resistance due to:

Vancomycin Vancomycin 
susceptiblesusceptible

Vancomycin Vancomycin 
intermediateintermediate

Cell wallCell wall



MRSA (not VISA)MRSA (not VISA)

VISAVISA

48 hour growth on 
blood agar plate

Marlowe, et al. 2001. J Clin Microbiol. 39:2637.Marlowe, et al. 2001. J Clin Microbiol. 39:2637.



Figure 1b

Patient B Blood Culture Time to Positivity
* Paired bottle remained negative

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5

B-1
B-2
B-3
B-4
B-5
B-6
B-7

B-8*
B-9

B-10
B-11*
B-12

B-13*
B-14

B-15*
B-16*
B-17*
B-18
B-19

Is
o
la

te

Days

Aerobic Anaerobic

Figure 1b

Patient B Blood Culture Time to Positivity
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UCLA Patient #SS UCLA Patient #SS -- MRSA (nonMRSA (non --VISA) and VISA, VISA) and VISA, 
Time to Detection of Growth in Blood CulturesTime to Detection of Growth in Blood Cultures

One VISA; all others One VISA; all others 
MRSA (nonMRSA (non --VISA)VISA)



Characteristics sometimes Characteristics sometimes 
observed for VISAobserved for VISA ……

♦♦Colony morphology may be Colony morphology may be atypical for atypical for S. S. 
aureusaureus (some pinpoint)(some pinpoint)
♦♦DelayedDelayed growth in brothgrowth in broth (e.g., blood culture)(e.g., blood culture)
♦♦Weak / delayed Weak / delayed coagulasecoagulase reactionreaction
♦♦After After several subculturesseveral subcultures ::

–– Colony morphology becomes typical for Colony morphology becomes typical for S. aureusS. aureus
–– Vancomycin MIC decreases and isolate becomes Vancomycin MIC decreases and isolate becomes 

vancomycin susceptible vancomycin susceptible 

♦♦MICs for MICs for ββ--lactamslactams decreasedecrease
♦♦MICs for MICs for daptomycindaptomycin increaseincrease



Specimen:  BloodSpecimen:  Blood
Diagnosis:  SepsisDiagnosis:  Sepsis
Staphylococcus aureusStaphylococcus aureus

clindamycin clindamycin >8 R>8 R
daptomycindaptomycin 4 NS4 NS
erythromycinerythromycin >8 R>8 R
linezolidlinezolid ≤≤0.5 S0.5 S
oxacillinoxacillin >16 R >16 R 
penicillinpenicillin RR
vancomycin              4vancomycin              4 II

MIC (MIC (µµg/ml)g/ml)

““ VancomycinVancomycin --intermediate, daptomycin intermediate, daptomycin nonnon --susceptible*susceptible*
S. aureusS. aureus ; Infectious Diseases consult suggested.; Infectious Diseases consult suggested. ””

Final ReportFinal Report



What should we do about testing What should we do about testing 
vancomycin and MRSA?vancomycin and MRSA?
♦♦Use reliable MIC method for Use reliable MIC method for VSSA,VSSA, VISAVISA

and and VRSAVRSA
–– Avoid repeated subculturesAvoid repeated subcultures

♦♦Be Be consistent consistent with testing/reportingwith testing/reporting
♦♦Perform special testing on requestPerform special testing on request

–– There are no standardized recommendations for There are no standardized recommendations for 
detecting detecting hVISAhVISA in the clinical laboratory in the clinical laboratory 

–– Some questions remain re: the significance of Some questions remain re: the significance of hVISA hVISA 
or isolates with or isolates with vancomycin MICs of 2 vancomycin MICs of 2 µµg/mlg/ml

Some refsSome refs …… Falagas et. al. 2008. Clin Microbiol Infect. 14:101 . Falagas et. al. 2008. Clin Microbiol Infect. 14:101 . 
SakoulasSakoulas & Moellering. 2008. Clin Infect Dis. 46(S):360.& Moellering. 2008. Clin Infect Dis. 46(S):360.
Tenover & Moellering. 2007. Clin Infect Dis. 44:120 8.



……and rememberand remember
♦♦Clinicians must factor in the Clinicians must factor in the clinical clinical 

status of the patientstatus of the patient as well as as well as 
laboratory data in decision makinglaboratory data in decision making



http://www.cdc.gov/ncidod/dhqp/pdf/ar/VRSA_testing_ algo09v4.pdf



Re: vancomycin MICRe: vancomycin MIC …… when should we when should we 
send staphylococci for further testing?send staphylococci for further testing?

♦♦S. aureusS. aureus
–– MIC 4 MIC 4 µµg/ml g/ml –– maybemaybe
–– MIC MIC ≥≥8 8 µµg/ml g/ml –– yesyes

♦♦CoNSCoNS
–– MIC MIC ≥≥32 32 µµg/ml g/ml –– yesyes

Check with your public health department!Check with your public health department!



StaphylococcusStaphylococcusStaphylococcusStaphylococcusStaphylococcusStaphylococcusStaphylococcusStaphylococcus sppsppsppsppsppsppsppspp........
--------Inducible clindamycin resistanceInducible clindamycin resistanceInducible clindamycin resistanceInducible clindamycin resistanceInducible clindamycin resistanceInducible clindamycin resistanceInducible clindamycin resistanceInducible clindamycin resistance



Specimen:  Pus (L buttock lesion)Specimen:  Pus (L buttock lesion)
Diagnosis:  Localized AbscessDiagnosis:  Localized Abscess

ManyMany Staphylococcus aureusStaphylococcus aureus

clindamycinclindamycin S ???S ???
erythromycinerythromycin RR
oxacillinoxacillin RR
penicillinpenicillin RR
vancomycinvancomycin SS

What should we do about clindamycin results?



S. aureus S. aureus 
“D Zone Test”

D zone test is only for D zone test is only for 
staphylococci that are:staphylococci that are:
Erythromycin Erythromycin ““ RR”” andand
Clindamycin Clindamycin ““ SS”” oror ““ II””

Photo 1:Photo 1: inducible clindamycin Rinducible clindamycin R

Photos 2 and 3:Photos 2 and 3: erythromycin R erythromycin R 
and clindamycin R (D zone test and clindamycin R (D zone test 
NOT needed)NOT needed)

11111111

22222222

33333333



Staphylococcus Staphylococcus spp.spp.
Inducible Clindamycin ResistanceInducible Clindamycin Resistance

MIC MethodMIC Method

4.04.0 µµg/ml erythromycin g/ml erythromycin 
0.50.5 µµg/ml clindamycing/ml clindamycin

No growthNo growth = no inducible = no inducible 
clindamycin resistanceclindamycin resistance

Growth Growth = inducible clindamycin = inducible clindamycin 
resistanceresistance

Be careful with Be careful with inoculum preparationinoculum preparation
Anecdotal data: Anecdotal data: 

False False ““ SS”” if young colonies or if young colonies or underinoculatedunderinoculated



Specimen:  Pus (L buttock lesion)Specimen:  Pus (L buttock lesion)
Diagnosis:  Localized AbscessDiagnosis:  Localized Abscess

ManyMany Staphylococcus aureusStaphylococcus aureus

clindamycinclindamycin RR
erythromycinerythromycin RR
oxacillinoxacillin RR
penicillinpenicillin RR
vancomycinvancomycin SS

Final ReportFinal Report



ErythromycinErythromycin --R, ClindamycinR, Clindamycin --S S 
Staphylococci Staphylococci 

Tests for Inducible Clindamycin ResistanceTests for Inducible Clindamycin Resistance

♦♦NotesNotes
–– Test applies to Test applies to S. aureusS. aureus and CoNS (OXand CoNS (OX --S and OXS and OX --R)R)
–– Test not routinely done on Test not routinely done on CoNSCoNS as clindamycin as clindamycin 

rarely used for CoNSrarely used for CoNS
–– Most hospitalMost hospital --associated MRSA are clindamycinassociated MRSA are clindamycin --RR
–– Many communityMany community --associated MRSA are associated MRSA are 

clindamycinclindamycin --S (S (msrmsr A genotype)A genotype)
–– Clindamycin can be give orallyClindamycin can be give orally



Newer Antimicrobial Agents Newer Antimicrobial Agents 
S. aureusS. aureus

FDA indications for complicated skin FDA indications for complicated skin infxnsinfxns
(MRSA and MSSA); complicated intra(MRSA and MSSA); complicated intra --abdominal abdominal 
infections (MSSA only). Usually if tetracyclineinfections (MSSA only). Usually if tetracycline --S, S, 
tigecyclinetigecycline --S; S; S onlyS only breakpoint.breakpoint.

xxtigecyclinetigecycline

CommentsComments
RouteRoute

FDA indications for nosocomial pneumonia, FDA indications for nosocomial pneumonia, 
complicated skin infxns, uncomplicated skin complicated skin infxns, uncomplicated skin 
infxnsinfxns (MSSA); severe VRE infxns; community(MSSA); severe VRE infxns; community --
acquired pneumonia (MSSA); acquired pneumonia (MSSA); S onlyS only breakpointbreakpoint

FDA indications for complicated skin FDA indications for complicated skin infxnsinfxns , , 
bacteremia; NOT for respiratory bacteremia; NOT for respiratory infxnsinfxns (lung (lung 
surfactant inhibits drug); surfactant inhibits drug); S onlyS only breakpointbreakpoint

xx

xx

IVIVIMIM

xxlinezolidlinezolid

daptomycindaptomycin

POPO
DrugDrug



Antimicrobial Agents for Antimicrobial Agents for 
S. aureusS. aureus in the Pipeline!in the Pipeline!

♦♦LipoglycopeptidesLipoglycopeptides (IV administration)*(IV administration)*
–– DalbavancinDalbavancin
–– OritavancinOritavancin
–– TelevancinTelevancin

♦♦CeftobiproleCeftobiprole (IV administration)(IV administration)
–– BroadBroad --spectrum cephalosporin with MRSA coveragespectrum cephalosporin with MRSA coverage
–– Projected to be widely prescribedProjected to be widely prescribed

*vancomycin is glycopeptide*vancomycin is glycopeptide



CoagulaseCoagulaseCoagulaseCoagulaseCoagulaseCoagulaseCoagulaseCoagulase--------negative negative negative negative negative negative negative negative staphylococci staphylococci staphylococci staphylococci staphylococci staphylococci staphylococci staphylococci 
(CoNS)(CoNS)(CoNS)(CoNS)(CoNS)(CoNS)(CoNS)(CoNS)

-------- AST rules for various speciesAST rules for various speciesAST rules for various speciesAST rules for various speciesAST rules for various speciesAST rules for various speciesAST rules for various speciesAST rules for various species



Specimen:  Shunt fluidSpecimen:  Shunt fluid
Diagnosis:  Diagnosis:  SpinaSpina BifidaBifida
CoagulaseCoagulase --negative Staphylococcusnegative Staphylococcus

clindamycinclindamycin >8 R>8 R
erythromycinerythromycin >8 R>8 R
oxacillinoxacillin 1 R1 R
penicillinpenicillin RR
vancomycin         vancomycin         ≤≤0.5 S0.5 S

MIC (MIC (µµg/ml)g/ml)

Should we do more testing?Should we do more testing?
(isolate is PYR negative(isolate is PYR negative ))



What are CLSI rules for detecting What are CLSI rules for detecting 
MRCoNS?MRCoNS?

Use caution for oxacillin MICs 0.5Use caution for oxacillin MICs 0.5 --2.0; 2.0; 
cefoxitin testing is better!cefoxitin testing is better!

Other CoNSOther CoNS

Use CoNS oxacillin (MIC or DD) and/or Use CoNS oxacillin (MIC or DD) and/or 
cefoxitin (DD only) breakpoints cefoxitin (DD only) breakpoints -- work well work well 

S. epidermidisS. epidermidis

DonDon ’’ t test; add comment to report re: t test; add comment to report re: 
appropriate therapy for appropriate therapy for S. saprophyticusS. saprophyticus UTIUTI

S. saprophyticusS. saprophyticus

UseUse oxacillin and cefoxitin breakpoints as for oxacillin and cefoxitin breakpoints as for 
S. aureus S. aureus 

S. lugdunensisS. lugdunensis

RuleRuleSpeciesSpecies

Eliminated oxacillin disk diffusion test for CoNS ( 2009)!Eliminated oxacillin disk diffusion test for CoNS ( 2009)!



Staphylococcus lugdunensisStaphylococcus lugdunensis
IdentificationIdentification

Courtesy of Mary YorkCourtesy of Mary YorkMost commercial ID kits acceptableMost commercial ID kits acceptable



Tests for Oxacillin Resistance in Tests for Oxacillin Resistance in 
CoagulaseCoagulase --negative Staphylococci (CoNS) negative Staphylococci (CoNS) 

(except (except S. lugdunensisS. lugdunensis ))

MethodMethod SusceptibleSusceptible IntermediateIntermediate ResistantResistant

MIC MIC –– oxacillinoxacillin ≤≤0.25 0.25 µµg/mlg/ml -- ≥≥0.5 0.5 µµg/mlg/ml

Disk Dif Disk Dif –– cefoxitin*cefoxitin* ≥≥25 mm25 mm -- ≤≤24 mm24 mm

CLSI M100CLSI M100--S19. Table 2C. S19. Table 2C. 

*Detects *Detects mecmec AA--mediated oxacillin resistance (preferred test)mediated oxacillin resistance (preferred test)
Cefoxitin is surrogate; report oxacillinCefoxitin is surrogate; report oxacillin



Results for 196* Results for 196* ““ Routinely Routinely 
EncounteredEncountered ”” CoNSCoNS

91%91%98%98%OX MIC 24hOX MIC 24h

89%89%99%99%OX DD 24hOX DD 24h

97%97%99%99%CXCX--DD 24hDD 24h

SpecificitySpecificitySensitivitySensitivityMethodMethod

Swenson et. al. 2005. J Clin Microbiol. 43:3818.Swenson et. al. 2005. J Clin Microbiol. 43:3818.

*126 *126 mecmec A positive and 70 A positive and 70 mecmec A negativeA negative

Cefoxitin disk diffusion testCefoxitin disk diffusion test least likely to call least likely to call 
oxacillin falsely resistant!oxacillin falsely resistant!



Reporting Strategy Reporting Strategy 
Oxacillin MIC Results for CoNS* Oxacillin MIC Results for CoNS* 

Oxacillin Oxacillin 
MIC (MIC (µµg/ml)g/ml)

Do Do mecmec A or A or 
PBP2a orPBP2a or

CEFOXITIN diskCEFOXITIN disk

≤≤0.250.25 ≥≥4.04.00.50.5--2.02.0

Report OxacillinReport Oxacillin
SusceptibleSusceptible

Report OxacillinReport Oxacillin
ResistantResistant

NegativeNegative PositivePositive

Report OxacillinReport Oxacillin
SusceptibleSusceptible

Report OxacillinReport Oxacillin
ResistantResistant

**”” For testing nonFor testing non --S. S. 
epidermidisepidermidis isolates isolates 
from sterile sites from sterile sites 
where CoNS is where CoNS is 
causing an infectioncausing an infection ””



Specimen:  Shunt fluidSpecimen:  Shunt fluid
Diagnosis:  Diagnosis:  SpinaSpina BifidaBifida
CoagulaseCoagulase --negative Staphylococcusnegative Staphylococcus

clindamycinclindamycin >8 R>8 R
erythromycinerythromycin >8 R>8 R
oxacillinoxacillin 1 R1 R
penicillinpenicillin RR
vancomycin         vancomycin         ≤≤0.5 S0.5 S

MIC (MIC (µµg/ml)g/ml)

Oxacillin may be false resistant. Discuss case with  physician Oxacillin may be false resistant. Discuss case with  physician 
and determine if further testing (e.g., cefoxitin d isk diffusionand determine if further testing (e.g., cefoxitin d isk diffusion , , 

mecmec A, PBP2a) is warranted.A, PBP2a) is warranted.

Final ReportFinal Report



Why is reporting Why is reporting ““ false resistancefalse resistance ”” to  to  
oxacillin in staphylococcus a concern?oxacillin in staphylococcus a concern?

♦♦For oxacillinFor oxacillin --R R staphylococcistaphylococci , drug most , drug most 
likely to be used is likely to be used is vancomycinvancomycin or maybe or maybe 
a newer agent (e.g., linezolid, daptomycin)a newer agent (e.g., linezolid, daptomycin)
♦♦VancomycinVancomycin kills staphylococci slower kills staphylococci slower 

than than ββ--lactams lactams and hasand has poorer tissue poorer tissue 
penetration penetration 



Specimen: BloodSpecimen: Blood
Diagnosis: EndocarditisDiagnosis: Endocarditis

CoagulaseCoagulase --negative staphylococcusnegative staphylococcus

clindamycinclindamycin ≤≤0.5 S0.5 S
erythromycinerythromycin ≤≤0.5 S0.5 S
oxacillinoxacillin 0.5 ?0.5 ?
penicillinpenicillin ≤≤0.06 ?0.06 ?
vancomycinvancomycin ≤≤0.5 S0.5 S

MIC (MIC (µµg/ml)g/ml)

Should we rule out S. lugdunensis?Should we rule out S. lugdunensis?



What are some noteworthy features What are some noteworthy features 
of S. lugdunensis?of S. lugdunensis?
♦♦ Common skin Common skin commensalcommensal , , often in inguinal areaoften in inguinal area

♦♦ Has been associated with septicemia, breast Has been associated with septicemia, breast 
abscesses, peritonitis, infections w/ prosthetic abscesses, peritonitis, infections w/ prosthetic 
devices, osteomyelitis, septic arthritisdevices, osteomyelitis, septic arthritis

♦♦ Can cause Can cause ““ native valvenative valve ”” endocarditis; most CoNS endocarditis; most CoNS 
““ prosthetic valveprosthetic valve ”” endocarditis due to endocarditis due to S. S. 
epidermidisepidermidis
♦♦ Usually very susceptible to antimicrobial Usually very susceptible to antimicrobial 

agentsagents ……including penicillinincluding penicillin --SS
–– Only 5 Only 5 -- 25% penicillin25% penicillin --R, R, ββ--lactamase positivelactamase positive

Frank et al. 2008. Clin Microbiol Rev. 21:111.Frank et al. 2008. Clin Microbiol Rev. 21:111.



CLSI Interpretive CriteriaCLSI Interpretive Criteria
S. lugdunensisS. lugdunensis

≤≤2121--≥≥22 mm22 mmDisk Dif Disk Dif –– cefoxitin*cefoxitin*

≥≥4 4 µµg/mlg/ml--≤≤2 2 µµg/mlg/mlMIC MIC –– oxacillin*oxacillin*
ResistantResistantIntermediateIntermediateSusceptibleSusceptibleMethodMethod

CLSI  M100CLSI  M100--S19. Table 2C.S19. Table 2C.

*  *  Oxacillin MIC and cefoxitin disk diffusion breakpoi nts are the Oxacillin MIC and cefoxitin disk diffusion breakpoi nts are the 
same as those for same as those for S. aureusS. aureus



Staphylococcus lugdunensisStaphylococcus lugdunensis

MICMIC
((µµg/ml)  g/ml)  S. aureusS. aureus CoNSCoNS

cefazolincefazolin ≤≤0.50.5 SS R*R*
clindamycinclindamycin ≤≤0.50.5 SS SS
erythromycinerythromycin ≤≤0.5 0.5 SS SS
oxacillinoxacillin 0.50.5 SS RR
penicillinpenicillin ≤≤0.060.06 S S R*R*
vancomycinvancomycin ≤≤0.50.5 SS SS

* Edited to * Edited to ““ RR”” because of oxacillinbecause of oxacillin --R resultR result

Typical MICsTypical MICs
Interpreted w/ oxacillin Interpreted w/ oxacillin 
breakpoints for:breakpoints for:

correct!correct! incorrect!incorrect!



Specimen: BloodSpecimen: Blood
Diagnosis: EndocarditisDiagnosis: Endocarditis

Staphylococcus Staphylococcus lugdunensislugdunensis

clindamycinclindamycin ≤≤0.5 S0.5 S
erythromycinerythromycin ≤≤0.5 S0.5 S
oxacillinoxacillin 0.5 S0.5 S
penicillinpenicillin ≤≤0.06 S0.06 S
vancomycinvancomycin ≤≤0.5 S0.5 S

MIC (MIC (µµg/ml)g/ml)

Final ReportFinal Report



Can S. Can S. lugdunensislugdunensis be a be a 
contaminant in blood cultures?contaminant in blood cultures?

♦♦11/0111/01--1/08  1/08  -- 29 / 578429 / 5784 single pos blood single pos blood 
culture w/ CoNS = culture w/ CoNS = S. S. lugdunensislugdunensis
♦♦14/29 (48%) not acknowledged14/29 (48%) not acknowledged
♦♦6/29 (21%)  considered contaminant6/29 (21%)  considered contaminant
♦♦9/21 (31%)9/21 (31%) true bacteremiatrue bacteremia

FadelFadel et al. 2009. et al. 2009. AbstAbst Ann ASM Meeting. #CAnn ASM Meeting. #C --082.082.

S. S. lugdunensislugdunensis can be blood culture contaminantcan be blood culture contaminant



Specimen: Urine Specimen: Urine 
Diagnosis:  Acute cystitisDiagnosis:  Acute cystitis

>10>1055 CFU/ml CFU/ml S. saprophyticusS. saprophyticus

Should we perform AST?Should we perform AST?



Specimen: Urine Specimen: Urine 
Diagnosis:  Acute cystitisDiagnosis:  Acute cystitis

>10>1055 CFU/ml CFU/ml S. saprophyticusS. saprophyticus

““ Staphylococcus saprophyticusStaphylococcus saprophyticus
typically responds to urine typically responds to urine 

concentrations of agents commonly concentrations of agents commonly 
used to treat acute, uncomplicated used to treat acute, uncomplicated 
UTIs (e.g. nitrofurantoin, TMPUTIs (e.g. nitrofurantoin, TMP --SMX, SMX, 

or a fluoroquinolone).or a fluoroquinolone). ””

Final ReportFinal Report

CLSI M100CLSI M100--S19. Table 2C.S19. Table 2C.CLSI says no need to testCLSI says no need to testCLSI says no need to testCLSI says no need to testCLSI says no need to testCLSI says no need to testCLSI says no need to testCLSI says no need to test……………………



What about S. saprophyticus vs. other What about S. saprophyticus vs. other 
CoNS in urine?CoNS in urine?

♦♦S. saprophyticusS. saprophyticus
–– Predominantly from young, sexually active femalesPredominantly from young, sexually active females
–– Can cause upper and lower UTICan cause upper and lower UTI
–– Contaminant in urine only 5% of the timeContaminant in urine only 5% of the time

♦♦Other CoNS Other CoNS (predominantly (predominantly S. epidermidis)S. epidermidis)
–– Almost exclusively from inpatients with complicatio ns of Almost exclusively from inpatients with complicatio ns of 

urinary tract (e.g., catheter, urological surgery, urinary tract (e.g., catheter, urological surgery, 
transplant, stones)transplant, stones)

–– When present in urine, significant only 10% of the timeWhen present in urine, significant only 10% of the time

Archer, GL et. al.  2005. Archer, GL et. al.  2005. ChptChpt . 193. In Mandell, Douglas, and Bennett. 193. In Mandell, Douglas, and Bennett ’’s  Principles s  Principles 
and Practices of Infectious Diseases. 6and Practices of Infectious Diseases. 6 thth ed. Elsevier Churchill Livingstone.ed. Elsevier Churchill Livingstone.



Streptococcus pneumoniaeStreptococcus pneumoniae
-- Newer penicillin breakpoints Newer penicillin breakpoints 

-- AST and reportingAST and reporting



Specimen:  BloodSpecimen:  Blood
Diagnosis:  PneumoniaDiagnosis:  Pneumonia
Streptococcus pneumoniaeStreptococcus pneumoniae

ceftriaxone (meningitis)ceftriaxone (meningitis) 0.5 S0.5 S
ceftriaxone (nonceftriaxone (non --meningitis)meningitis) 0.5 S0.5 S
erythromycinerythromycin >1 R>1 R
levofloxacin levofloxacin 11 SS
meropenemmeropenem ≤≤0.25 S0.25 S
penicillin penicillin 1 ???1 ???
vancomycinvancomycin 0.5  S0.5  S

MIC (MIC (µµg/ml)g/ml)

How do we interpret penicillin results?How do we interpret penicillin results?



Streptococcus pneumoniaeStreptococcus pneumoniae
Penicillin (Penicillin ( µµg/ml)g/ml)

SuscSusc IntInt ResRes

Penicillin parenteral Penicillin parenteral (nonmeningitis)(nonmeningitis) ≤≤22 44 ≥≥88

Penicillin parenteral Penicillin parenteral (meningitis)(meningitis) ≤≤00.06.06 -- ≥≥0.10.122

Penicillin Penicillin (oral penicillin V)(oral penicillin V) ≤≤00.06.06 0.120.12--11 ≥≥22

CLSI M100CLSI M100--S19. Table 2G.S19. Table 2G.

Table 2G has several therapy (Rx) comments for each categoryTable 2G has several therapy (Rx) comments for each categoryTable 2G has several therapy (Rx) comments for each categoryTable 2G has several therapy (Rx) comments for each categoryTable 2G has several therapy (Rx) comments for each categoryTable 2G has several therapy (Rx) comments for each categoryTable 2G has several therapy (Rx) comments for each categoryTable 2G has several therapy (Rx) comments for each category



Specimen:  BloodSpecimen:  Blood
Diagnosis:  PneumoniaDiagnosis:  Pneumonia
Streptococcus pneumoniaeStreptococcus pneumoniae

ceftriaxone (meningitis)ceftriaxone (meningitis) 0.5 S0.5 S
ceftriaxone (nonceftriaxone (non --meningitis) meningitis) 0.5 S0.5 S
erythromycinerythromycin >1 R>1 R
levofloxacin levofloxacin 11 S S 
meropenemmeropenem ≤≤0.25 S0.25 S
penicillin (meningitis)penicillin (meningitis) 11 R R 
penicillin (nonmeningitis)penicillin (nonmeningitis) 11 SS
penicillin (oral penicillin V)                    penicillin (oral penicillin V)                    1 I1 I
vancomycin vancomycin 0.5  S0.5  S

MIC (MIC (µµg/ml)g/ml)

Final ReportFinal Report



Specimen:  CSFSpecimen:  CSF
Diagnosis:  MeningitisDiagnosis:  Meningitis
Streptococcus pneumoniaeStreptococcus pneumoniae

ceftriaxone (meningitis)         0.5 Sceftriaxone (meningitis)         0.5 S
meropenemmeropenem ≤≤0.25 S0.25 S
penicillin (meningitis)penicillin (meningitis) ≤≤0.06 S 0.06 S 
vancomycin vancomycin 0.5 S0.5 S

Rx. Rx. Use of ceftriaxone in meningitis requires therapy w ith Use of ceftriaxone in meningitis requires therapy w ith 
maximum doses.maximum doses.
Rx.Rx. Use of penicillin in meningitis requires therapy wi th Use of penicillin in meningitis requires therapy wi th 
maximum doses of IV penicillin (e.g., at least 3 mi llion units maximum doses of IV penicillin (e.g., at least 3 mi llion units 
every four hours in adults with normal renal functi on).every four hours in adults with normal renal functi on).

MIC (µg/ml)



Applying penicillin, cefotaxime, Applying penicillin, cefotaxime, 
ceftriaxone breakpointsceftriaxone breakpoints ……..

♦♦CSF specimensCSF specimens
–– Report penicillin, cefotaxime, ceftriaxone using Report penicillin, cefotaxime, ceftriaxone using 

meningitis breakpoints ONLYmeningitis breakpoints ONLY

♦♦All other specimensAll other specimens
–– Report penicillin, cefotaxime, ceftriaxone using Report penicillin, cefotaxime, ceftriaxone using 

both meningitis and nonmeningitis breakpointsboth meningitis and nonmeningitis breakpoints



What about all of the S. pneumoniae What about all of the S. pneumoniae 
Rx commentsRx comments ??

♦♦Most relate to recommended Most relate to recommended dosagesdosages
♦♦Some relate to Some relate to predicting resultspredicting results for other for other 

betabeta --lactams based on penicillin MIClactams based on penicillin MIC
♦♦Add to your reportsAdd to your reports …….. if your if your medical medical 

directordirector deems this is appropriatedeems this is appropriate
–– ……or perhaps there are other mechanisms for proper or perhaps there are other mechanisms for proper 

dosing in your facility?dosing in your facility?



Streptococcus pneumoniae
Disk diffusion method - Use oxacillin disk as 

surrogate for penicillin susceptibility

Streptococcus pneumoniaeStreptococcus pneumoniae
Disk diffusion method Disk diffusion method -- Use oxacillin disk as Use oxacillin disk as 

surrogate for penicillin susceptibilitysurrogate for penicillin susceptibility

Disk Disk 
contentcontent

Zone (mm)Zone (mm) MIC (MIC (µµg/ml) g/ml) 
EquivalentEquivalent

RR II SS RR SS

PenicillinPenicillin 1 1 µµg g 
oxacillinoxacillin

-- -- ≥≥2020 -- ≤≤0.06*0.06*

CLSI M100CLSI M100--S19. Table 2G.S19. Table 2G.

* correlates with meningitis and oral breakpoints* correlates with meningitis and oral breakpoints



Streptococcus pneumoniae
Oxacillin Disk Test for Penicillin Susceptibility

Streptococcus pneumoniaeStreptococcus pneumoniae
Oxacillin Disk Test for Penicillin SusceptibilityOxacillin Disk Test for Penicillin Susceptibility

♦♦≥≥20 mm20 mm -- Report Report ““ SS”” for:for:
–– penicillinpenicillin
–– cefotaxime/ ceftriaxonecefotaxime/ ceftriaxone
–– other other ßß--lactamslactams
♦♦≤≤119 mm9 mm -- Perform MICs for:Perform MICs for:

–– penicillin penicillin 
♦♦Oxacillin disk S or Oxacillin disk S or ≥≥20 mm20 mm correlates with correlates with 

meningitis or penicillin oral S breakpoints meningitis or penicillin oral S breakpoints 
(MIC (MIC ≤≤0.06 0.06 µµg/ml)g/ml)

CLSI M100CLSI M100--S19. Table 2G.S19. Table 2G.



Oxacillin Disk as Surrogate for Penicillin Oxacillin Disk as Surrogate for Penicillin 
Susceptibility in Susceptibility in S. pneumoniaeS. pneumoniae

≥≥20 mm 20 mm –– report penicillin as Sreport penicillin as S
When penicillin MIC was performed on this When penicillin MIC was performed on this 
isolate, MIC = 0.03 isolate, MIC = 0.03 µµg/mlg/ml

≤≤19 mm 19 mm –– perform penicillin MICperform penicillin MIC
When penicillin MIC was performed on this When penicillin MIC was performed on this 
isolate, MIC = 1 isolate, MIC = 1 µµg/mlg/ml
““ SS”” for nonfor non --meningitis infections (e.g., meningitis infections (e.g., 
pneumonia)pneumonia)

OXOX
11

OXOX
11

CLSI M100CLSI M100--S19. Table 2G.S19. Table 2G.



How are S. pneumoniae AST results How are S. pneumoniae AST results 
used to guide therapy of used to guide therapy of meningitismeningitis ??

♦♦Empiric therapyEmpiric therapy –– generally 3generally 3 rdrd generation generation 
cephalosporin (e.g., cefotaxime or cephalosporin (e.g., cefotaxime or 
ceftriaxone) + vancomycinceftriaxone) + vancomycin
♦♦AST resultsAST results

–– May May discontinue vancomycindiscontinue vancomycin and use and use ββ--lactam alone if:lactam alone if:
•• Penicillin MIC Penicillin MIC ≤≤0.06 0.06 µµg/mlg/ml
•• Ceftriaxone / cefotaxime MIC Ceftriaxone / cefotaxime MIC ≤≤0.5 0.5 µµg/mlg/ml

Sanford Guide 2009. Sanford Guide 2009. 



How are S. pneumoniae AST results used How are S. pneumoniae AST results used 
to guide therapy of to guide therapy of CAP (communityCAP (community --
acquired pneumonia)acquired pneumonia) ??

♦♦Empiric therapyEmpiric therapy -- resourcesresources
–– IDSA (Infectious Disease Society of America) and AT C IDSA (Infectious Disease Society of America) and AT C 

(American Thoracic Society)(American Thoracic Society)
Mandell et al. 2007. Clin Infect Dis. 44:227.Mandell et al. 2007. Clin Infect Dis. 44:227.

–– Published surveillance dataPublished surveillance data
–– Local cumulative antibiogram dataLocal cumulative antibiogram data

♦♦AST resultsAST results
–– May modify therapy if poor response to empiric ther apyMay modify therapy if poor response to empiric ther apy



Recommended Empirical Antibiotics Recommended Empirical Antibiotics 
for CAP in Outpatientsfor CAP in Outpatients

“ “ “
In regions where In regions where high incidence of high incidence of 
macrolidemacrolide --R R S. pneumoniaeS. pneumoniae (including (including 
those w/o comorbidities)those w/o comorbidities)

Respiratory fluoroquinoloneRespiratory fluoroquinolone
(levofloxacin [750 mg], (levofloxacin [750 mg], 
moxifloxacin, gemifloxacin)moxifloxacin, gemifloxacin)
ββ--lactam plus a macrolidelactam plus a macrolide

Comorbidities (e.g. chronic heart, Comorbidities (e.g. chronic heart, 
lung, liver, or renal disease, diabetes lung, liver, or renal disease, diabetes 
mellitus, alcoholism, malignancies, mellitus, alcoholism, malignancies, 
asplenia; immunosuppressed; use of asplenia; immunosuppressed; use of 
antimicrobials within previous 3 mos; antimicrobials within previous 3 mos; 
other risks for DRSPother risks for DRSP

A macrolideA macrolide
DoxycyclineDoxycycline

Previously healthy, no antimicrobials Previously healthy, no antimicrobials 
within previous 3 mos.within previous 3 mos.

Recommended AntimicrobialsRecommended AntimicrobialsClinical ConditionClinical Condition

Adapted from Mandell L et al. 2007. Clin Infect Dis . 44(suppl 2)Adapted from Mandell L et al. 2007. Clin Infect Dis . 44(suppl 2) :S27.:S27.



Summary (1)Summary (1)
♦♦ Cefoxitin disk diffusion and cefoxitin MIC testsCefoxitin disk diffusion and cefoxitin MIC tests are are 

more sensitive in detecting more sensitive in detecting mecmec AA--mediated mediated 
resistance in resistance in S. aureusS. aureus than tests using oxacillin.than tests using oxacillin.
♦♦ Borderline oxacillin resistanceBorderline oxacillin resistance in in S. aureusS. aureus may be may be 

missed with cefoxitin tests; borderline oxacillin missed with cefoxitin tests; borderline oxacillin 
resistance is rare in resistance is rare in S. aureusS. aureus and has not been and has not been 
reported in CoNS. reported in CoNS. 
♦♦ Borderline oxacillin resistantBorderline oxacillin resistant S. aureusS. aureus may not be may not be 

clinically significant.clinically significant.
♦♦ Current phenotypic methods may not detect Current phenotypic methods may not detect 

staphylococci that produce staphylococci that produce low levels of betalow levels of beta --
lactamaselactamase ..



Summary (2)Summary (2)
♦♦ Vancomycin disk diffusionVancomycin disk diffusion test should only be used to rule test should only be used to rule 

out VRSA; it cannot distinguish VISA from VSSA.out VRSA; it cannot distinguish VISA from VSSA.
♦♦ Serious infections caused by MRSA with Serious infections caused by MRSA with vancomycin vancomycin 

MICs of >1 MICs of >1 µµg/mlg/ml may not respond as well to vancomycin may not respond as well to vancomycin 
therapy as MRSA with vancomycin MICs of therapy as MRSA with vancomycin MICs of ≤≤1 1 µµg/ml.g/ml.
♦♦ Different methods may result in Different methods may result in different vancomycin MICsdifferent vancomycin MICs

for vancomycinfor vancomycin --S S S. aureusS. aureus . Etest produces higher . Etest produces higher 
vancomycin MICs than CLSI broth microdilution refer ence vancomycin MICs than CLSI broth microdilution refer ence 
method. method. 
♦♦ There are currently no CLSI or other standard There are currently no CLSI or other standard 

recommendations for testing forrecommendations for testing for hVISA.hVISA.
♦♦ VISAVISA and and hVISAhVISA are often slow growing and may yield a are often slow growing and may yield a 

variety of colony morphologies.variety of colony morphologies.



Summary (3)Summary (3)
♦♦ ErythromycinErythromycin --R and clindamycinR and clindamycin --S staphylococci S staphylococci 

should NOT be reported as clindamycinshould NOT be reported as clindamycin --S without S without 
performance of a test for performance of a test for inducible clindamycin inducible clindamycin 
resistanceresistance (e.g., D zone test).(e.g., D zone test).
♦♦Oxacillin disk diffusion testOxacillin disk diffusion test was eliminated for was eliminated for 

CoNS in 2009. CoNS in 2009. 
♦♦Oxacillin MIC tests work well for Oxacillin MIC tests work well for S. epidermidisS. epidermidis

but can overcall oxacillinbut can overcall oxacillin --R in other CoNS that R in other CoNS that 
lack lack mecmec A. The cefoxitin disk diffusion test is A. The cefoxitin disk diffusion test is 
better.better.
♦♦Most Most S. S. lugdunensislugdunensis are are mecmec A negative and more A negative and more 

than 75% are than 75% are ββ--lactamase negative.lactamase negative.



Summary (4)Summary (4)
♦♦ S. saprophyticusS. saprophyticus are predictably susceptible to are predictably susceptible to 

drugs commonly used to treat drugs commonly used to treat UTIsUTIs; ; 
susceptibility testing of susceptibility testing of S. saprophyticusS. saprophyticus from from 
urine is not needed.urine is not needed.
♦♦ Species of CoNS Species of CoNS other than other than S. saprophyticusS. saprophyticus

rarely cause rarely cause UTIsUTIs..
♦♦ The newer CLSI penicillin breakpoints should be The newer CLSI penicillin breakpoints should be 

used for used for S. pneumoniaeS. pneumoniae as they better predict as they better predict 
potential utility of penicillins in treating potential utility of penicillins in treating 
pneumococcal pneumonia.pneumococcal pneumonia.
♦♦ Penicillin MIC should be done on Penicillin MIC should be done on S. pneumoniae S. pneumoniae 

that have that have oxacillin zones oxacillin zones ≤≤19 mm.19 mm.




