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At the conclusion of this talk, you At the conclusion of this talk, you 
will be able towill be able to …………
�� Discuss detecting and reporting of Discuss detecting and reporting of 

multidrugmultidrug --resistant (MDR) gramresistant (MDR) gram --negative negative 
bacteria.bacteria.

�� Describe current recommendations for Describe current recommendations for 
reporting reporting vancomycin for vancomycin for Staphylococcus Staphylococcus 
aureus.aureus.

�� Discuss strategies for Discuss strategies for coping coping with with 
continual changes in recommendations continual changes in recommendations 
for AST and reporting. for AST and reporting. 



FeaturesFeatures ……
MDR MDR KlebsiellaKlebsiella
Other MDR GNROther MDR GNR

FeaturesFeatures ……
ESBLsESBLs
MDR MDR 

A. baumannii A. baumannii 
P. aeruginosaP. aeruginosa
E. E. aerogenesaerogenes



International effort ongoing to International effort ongoing to 
standardize definitions for:standardize definitions for:

�� MDRMDR –– multidrugmultidrug --RR
(e.g., (e.g., ““ RR”” to to �� 3 drug classes)3 drug classes)

�� XDRXDR –– extensively drugextensively drug --RR
(e.g., (e.g., ““ RR”” to almost all classes but retains to almost all classes but retains ““ SS”” to at to at 

least one drug class)least one drug class)

�� PDRPDR –– pandrugpandrug --R R 
(e.g., (e.g., ““ RR”” to all drug classes)to all drug classes)

Definitions apply to Definitions apply to ““ acquiredacquired ”” (vs. (vs. ““ intrinsicintrinsic ”” ) resistance ) resistance 
and to drugs that might be used to treat an infecti on and to drugs that might be used to treat an infecti on 

caused by the species.caused by the species.



http://www.cdc.gov/ncidod/dhqp/http://www.cdc.gov/ncidod/dhqp/

““ Individual facilities should seek appropriate Individual facilities should seek appropriate 
guidance and adopt effective measures that fit guidance and adopt effective measures that fit 

their circumstances and needs.their circumstances and needs. ”” (page 31)(page 31)



Specimen:  FluidSpecimen:  Fluid
Diagnosis:  Surgical wound Diagnosis:  Surgical wound infxninfxn
Serratia marcescensSerratia marcescens

amikacinamikacin 1 S1 S
ampicillinampicillin >32 R>32 R
cefazolincefazolin >32 R>32 R
ceftriaxoneceftriaxone �� 0.5 S0.5 S
ciprofloxacinciprofloxacin �� 0.25 S0.25 S
gentamicingentamicin �� 0.5 S0.5 S
imipenemimipenem >16 R >16 R 
piperpiper --tazobactamtazobactam �� 8 S8 S
tobramycintobramycin 1 S1 S
trimethtrimeth --sulfasulfa �� 1/19 S1/19 S

MIC (MIC (µµg/ml)g/ml)

What about imipenem? cephalosporins?What about imipenem? cephalosporins?



Results verified with standard disk diffusion testResults verified with standard disk diffusion test ……

MeroMero

ImipImip

CeftazCeftaz

CeftriaxCeftriax



Appendix G. Screening and Confirmatory Tests Appendix G. Screening and Confirmatory Tests 
for Carbapenemases in Enterobacteriaceaefor Carbapenemases in Enterobacteriaceae

CLSICLSI
M100M100--S19. S19. 

MHTMHT



What are the mechanisms of carbapenem What are the mechanisms of carbapenem 
resistance in Enterobacteriaceaeresistance in Enterobacteriaceae ……

�� CarbapenemaseCarbapenemase ((�� --lactamase that hydrolyzes lactamase that hydrolyzes 
carbapenems)carbapenems)
–– Exmp. KPC (Exmp. KPC ( Klebsiella pneumoniaeKlebsiella pneumoniae

carbapenemase)carbapenemase)

�� CephalosporinaseCephalosporinase combined with porin losscombined with porin loss
–– Some cephalosporinases (e.g., AmpC Some cephalosporinases (e.g., AmpC �� --

lactamases or ESBLs) have lowlactamases or ESBLs) have low --level level 
carbapenemase activitycarbapenemase activity

–– Porin loss limits entry of carbapenem into the cellPorin loss limits entry of carbapenem into the cell



Modified Hodge TestModified Hodge Test

KPC pos. KPC pos. K. pneumoniaeK. pneumoniae
ATCC BAAATCC BAA --1705 1705 

KPC neg. KPC neg. K. pneumoniaeK. pneumoniae
ATCC BAAATCC BAA --1706 1706 

S. marcescensS. marcescens
weak positive weak positive 



Molecular testing revealed SMEMolecular testing revealed SME --2. Where does 2. Where does 
SME fit among carbapenemases?SME fit among carbapenemases?

K. pneumoniaeK. pneumoniae and and 
other Enterobacteriaceaeother Enterobacteriaceae

KPCKPC

S. marcescensS. marcescensSMESME

OXAOXA

Metallo betaMetallo beta --
lactamaseslactamases
(IMP, VIM, GIM, SPM)(IMP, VIM, GIM, SPM)

also IMI, NMC, GESalso IMI, NMC, GES

CarbapenemaseCarbapenemase

Acinetobacter baumanniiAcinetobacter baumanniiDD

P. aeruginosa, P. aeruginosa, 
Enterobacteriaceae, Enterobacteriaceae, 
Acinetobacter, Acinetobacter, 
S. maltophiliaS. maltophilia

BB
EnterobacteriaceaeEnterobacteriaceae

A A 

Found in:Found in:
MolecularMolecular

ClassClass

Adapted from Queenan & Bush. 2007. Clin Microbiol R ev. 20:440.Adapted from Queenan & Bush. 2007. Clin Microbiol R ev. 20:440.



Some features of carbapenemasesSome features of carbapenemases ……

Inhibition profileInhibition profileHydrolysis profileHydrolysis profile

--++--++MBLMBL

++--+++/+/--SMESME

++--++++KPCKPC

Clavulanic Clavulanic 
acidacidEDTAEDTAAztreonamAztreonam33rdrd , 4, 4thth

gengen cefscefs
CarbapenemaseCarbapenemase

33rdrd gengen cefscefs , ceftriaxone, cefotaxime, ceftazidime, ceftriaxone, cefotaxime, ceftazidime
44thth gengen cefcef , cefepime, cefepime
MBL, metallo betaMBL, metallo beta --lactamaselactamase

Adapted from Queenan & Bush. 2007. Clin Microbiol R ev. 20:440.Adapted from Queenan & Bush. 2007. Clin Microbiol R ev. 20:440.



What is unique about SME as compared What is unique about SME as compared 
to KPC?to KPC?

�� Gene located on Gene located on chromosomechromosome (vs. KPC on plasmid)(vs. KPC on plasmid)

�� Less hydrolysis ofLess hydrolysis of ceftriaxone, cefotaxime, ceftriaxone, cefotaxime, 
ceftazidime, cefepime than KPC (ceftazidime, cefepime than KPC ( S. marcescensS. marcescens ““ SS””
to these in vitro; to these in vitro; ? activity in vivo? activity in vivo ))

MajiduddinMajiduddin et al. 2005. Antimicrob Agents Chemother. 59:3421.et al. 2005. Antimicrob Agents Chemother. 59:3421.

Queenan et al. 1992. Antimicrob Agents Chemother. 4 4:3035.Queenan et al. 1992. Antimicrob Agents Chemother. 4 4:3035.

�� InfrequentlyInfrequently encountered:encountered:
–– 20002000--2005 2005 

–– 50,881 Enterobacteriaceae isolated from N. America,  Latin 50,881 Enterobacteriaceae isolated from N. America,  Latin 
America, EuropeAmerica, Europe

–– 5 SME (5 SME (S. marcescensS. marcescens )!)!
CastanheiraCastanheira et al. 2008. Antimicrob Agents Chemother. 52:570.et al. 2008. Antimicrob Agents Chemother. 52:570.



Specimen:  FluidSpecimen:  Fluid
Diagnosis:  Surgical wound Diagnosis:  Surgical wound infxninfxn
Serratia marcescensSerratia marcescens

amikacinamikacin 1 S1 S
ampicillinampicillin >32 R>32 R
cefazolincefazolin >32 R>32 R
ceftriaxoneceftriaxone �� 0.5 S0.5 S
ciprofloxacinciprofloxacin �� 0.25 S0.25 S
gentamicingentamicin �� 0.5 S0.5 S
imipenemimipenem >16 R>16 R
piperpiper --tazobactamtazobactam �� 8 S8 S
tobramycintobramycin 1 S1 S
trimethtrimeth --sulfasulfa �� 1/19 S1/19 S

MIC (MIC (µµg/ml)g/ml)
Report comment:Report comment:
““ ImipenemImipenem --R is due to R is due to 
carbapanemasecarbapanemase production production 
(but not KPC). The (but not KPC). The 
effectiveness of effectiveness of �� --lactams in lactams in 
treating infections due to treating infections due to 
carbapenemasecarbapenemase --producing producing 
S. marcescensS. marcescens has not been has not been 
established. ID consult established. ID consult 
suggested.suggested. ””

Final reportFinal report



Selective Reporting OptionSelective Reporting Option

SerratiaSerratia marcescensmarcescens

amikacinamikacin 1 S1 S
ampicillinampicillin >32 R>32 R
cefazolincefazolin >32 R>32 R
ceftriaxoneceftriaxone �� 0.5 S0.5 S
ciprofloxacinciprofloxacin �� 0.25 S0.25 S
gentamicingentamicin �� 0.5 S0.5 S
imipenemimipenem >16 R>16 R
piperpiper --tazobactamtazobactam �� 8 S8 S
tobramycintobramycin 1 S1 S
trimethtrimeth --sulfasulfa �� 1/19 S1/19 S

MIC (MIC (µµg/ml)g/ml)

…….but, always report .but, always report 
““ unexpected resistanceunexpected resistance ”” . . 
(CLSI M100(CLSI M100--S19. Table 1. S19. Table 1. 
Note 1. p 33. )Note 1. p 33. )

Some may suppress Some may suppress 
carbapenemcarbapenem result if result if ““ SS”” to to 
ceftriaxone and piperacillinceftriaxone and piperacillin --
tazobactamtazobactam



http://http:// www.cdc.gov/ncidod/dhqp/ar_kp_lab.htmlwww.cdc.gov/ncidod/dhqp/ar_kp_lab.html



MMWR March 20, 2009 (1)MMWR March 20, 2009 (1)
http://www.cdc.gov/mmwr/http://www.cdc.gov/mmwr/

CRE = carbapenemCRE = carbapenem --resistant resistant 
EnterobacteriaceaeEnterobacteriaceae



MMWR March 20, 2009 (2)MMWR March 20, 2009 (2)

Laboratory Laboratory 
ResponsibilitiesResponsibilities ……
Use reliable test Use reliable test 

methods and report methods and report 
CRE promptly!CRE promptly!

SurveillanceSurveillance



Specimen:  BloodSpecimen:  Blood
Diagnosis:  Diagnosis:  NeutropenicNeutropenic feverfever
Klebsiella pneumoniaeKlebsiella pneumoniae

amikacinamikacin 32 R32 R
ampicillinampicillin >32 R>32 R
cefazolincefazolin >32 R>32 R
ceftazidimeceftazidime >32 R>32 R
ceftriaxoneceftriaxone >32 R>32 R
ciprofloxacinciprofloxacin >2 R>2 R
gentamicingentamicin 22 SS
imipenemimipenem >16 R>16 R
piperpiper --tazobactamtazobactam 128 R128 R
tobramycintobramycin >10 R>10 R
trimethtrimeth --sulfasulfa >4/76 R>4/76 R

MIC (MIC (µµg/ml)g/ml)

What about aminoglycosides?What about aminoglycosides?



http://www.clsi.org/Content/NavigationMenu/Committe es/Microbiolohttp://www.clsi.org/Content/NavigationMenu/Committe es/Microbiolo gygy
/AST/AST.htm/AST/AST.htm





http://www.bsac.org.uk/susceptibility_testing/guide _http://www.bsac.org.uk/susceptibility_testing/guide _
to_antimicrobial_susceptibility_testing.cfmto_antimicrobial_susceptibility_testing.cfm



David Livermore (BSAC website)David Livermore (BSAC website)

AAC(6AAC(6 ’’ ) ) ““ commoncommon ”” in in S. marcescensS. marcescens



Specimen:  BloodSpecimen:  Blood
Diagnosis:  Diagnosis:  NeutropenicNeutropenic feverfever
Klebsiella pneumoniaeKlebsiella pneumoniae

amikacinamikacin 32 R32 R
ampicillinampicillin >32 R>32 R
cefazolincefazolin >32 R>32 R
ceftazidimeceftazidime >32 R>32 R
ceftriaxoneceftriaxone >32 R>32 R
ciprofloxacinciprofloxacin >2 R>2 R
colistin colistin �� 0.12*0.12*
gentamicingentamicin 22 SS
imipenemimipenem >16 R>16 R
piperpiper --tazobactamtazobactam 128 R128 R
tigecyclinetigecycline 1 S1 S
tobramycintobramycin >10 R>10 R
trimethtrimeth --sulfasulfa >4/76 R>4/76 R

MIC (MIC (µµg/ml)g/ml)

Report comment:Report comment:
““ *No interpretive criteria available*No interpretive criteria available
Imipenem resistance NOT due to Imipenem resistance NOT due to 
carbapenemase production.carbapenemase production.
The effectiveness of The effectiveness of gentamicingentamicin in in 
treating infections due to treating infections due to K.  K.  
pneumoniaepneumoniae that are gentamicinthat are gentamicin --S, S, 
amikacinamikacin --R and tobramycinR and tobramycin --R has R has 
not been established. ID consult not been established. ID consult 
suggested.suggested. ””

Final ReportFinal Report



Specimen:  Tracheal AspirateSpecimen:  Tracheal Aspirate
Diagnosis:  PneumoniaDiagnosis:  Pneumonia
Acinetobacter baumanniiAcinetobacter baumannii

amikacinamikacin >32 R>32 R
ceftriaxoneceftriaxone >32 R>32 R
colistin colistin �� 0.5 S0.5 S
ciprofloxacinciprofloxacin >4 R>4 R
gentamicingentamicin >16 R>16 R
imipenemimipenem >16 R>16 R
piperpiper --tazobactamtazobactam >512 R>512 R
tigecyclinetigecycline 2*2*
tobramycintobramycin >16 R>16 R
trimethtrimeth --sulfasulfa �� 4/76 R4/76 R

MIC (MIC (µµg/ml)g/ml)

* no interpretive criteria* no interpretive criteria

What about tigecycline?What about tigecycline?



Tigecycline Tigecycline –– FDA BreakpointsFDA Breakpoints
(no CLSI breakpoints)(no CLSI breakpoints)

TigecyclineTigecycline
http://http:// www.wyeth.comwww.wyeth.com

(Prescribing Information)(Prescribing Information)



What should we know about testing/ reporting What should we know about testing/ reporting 
tigecycline on Acinetobacter baumannii?   tigecycline on Acinetobacter baumannii?   

�� Currently, Currently, no FDA approvalno FDA approval for use in treating for use in treating 
AcinetobacterAcinetobacter infectionsinfections

�� Only breakpoints forOnly breakpoints for AcinetobacterAcinetobacter spp. available spp. available 
are published by AST standardsare published by AST standards --type organization type organization 
are from British Society for Antimicrobial are from British Society for Antimicrobial 
Chemotherapy (BSAC)Chemotherapy (BSAC)

http://www.bsac.org.uk/_db/_documents/http://www.bsac.org.uk/_db/_documents/

–– MIC (MIC (µµg/ml) g/ml) �� 1 S, 2 I, 1 S, 2 I, >>2 R 2 R 

–– Peleg et al. recommends using these for Peleg et al. recommends using these for A. baumanniiA. baumannii
infections other than blood infections other than blood 
Peleg et al. 2008. Clin Microbiol Rev. 21:538.Peleg et al. 2008. Clin Microbiol Rev. 21:538.



Why shouldnWhy shouldn ’’ t we use the BSAC Acinetobacter t we use the BSAC Acinetobacter 
spp. breakpoints for blood isolates?spp. breakpoints for blood isolates?

�� Maximum blood concentration = Maximum blood concentration = 
0.63 0.63 µµg/mlg/ml
–– Prudent NOT to report blood isolates with Prudent NOT to report blood isolates with 

MICs >0.5 MICs >0.5 µµg/ml as g/ml as ““ SS””

–– Perform MIC not disk diffusion for blood Perform MIC not disk diffusion for blood 
isolatesisolates

Peleg et al. 2008. Clin Microbiol Rev. 21:538.Peleg et al. 2008. Clin Microbiol Rev. 21:538.



What are the activities What are the activities tigecyclinetigecycline and and 
tetracyclinestetracyclines against MDR A. baumannii?against MDR A. baumannii?

2020

AA--SS

9595

Tigecycl*Tigecycl*

8383

MinoMino

100100

Poly BPoly B

00202038385656

CiproCiproImipImipAmikAmikDoxyDoxy

Scheetz et al. 2007. Antimicrob Agents Chemother. 5 1:1621.

%Susceptible (N=93)

*Used MIC breakpoint (Used MIC breakpoint (S � 2 µg/ml) for for EnterobacteriaceaeEnterobacteriaceae from from 
tigecycline product package insert (Wyeth Pharmaceu ticals Inc.)tigecycline product package insert (Wyeth Pharmaceu ticals Inc.)



What are the activities of tigecycline and What are the activities of tigecycline and 
minocyclineminocycline against MDR A. baumannii?against MDR A. baumannii?

MinocyclineMinocyclineTigecyclineTigecycline

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

36.636.61616�� 0.060.06--3232220.030.03--88150150TotalTotal

60.960.988�� 0.060.06--1616220.030.03--226464IPMIPM--SS

303016160.250.25--3232220.250.25--444040XDRXDR

8.78.716160.250.25--1616220.50.5--884646PDRPDR

%S%S90%90%RangeRange90%90%RangeRangeNNIsolateIsolate

Excluding tigecycline and Excluding tigecycline and minocyclineminocycline ……..
PDR = R to all including colistinPDR = R to all including colistin
XDR = only S to colistinXDR = only S to colistin
IPMIPM--S = variableS = variable

Tested:Tested:
AmpAmp --sulbsulb
PipPip --tazotazo
AztreAztre
CeftriaxCeftriax
CeftazCeftaz
CefotaxCefotax
CefepimeCefepime
ImipImip
MeroMero
CiproCipro
OfloxOflox
SXTSXT
TetraTetra
GentGent
TobTob
AmikAmik

Arroyo et al. 2009. Antimicrob Agents Chemother. 53 :1295.



MICMIC9090: Etest = 4 : Etest = 4 µµg/ml     BMD = 1 g/ml     BMD = 1 µµg/mlg/ml

Pillar et al. 2008. J Clin Microbiol. 46:2862.Pillar et al. 2008. J Clin Microbiol. 46:2862.
See also...See also... CasalCasal et al. 2009. J Antimicrob Chemother. 64:69.et al. 2009. J Antimicrob Chemother. 64:69.

MethodMethod --related discordance in tigecycline related discordance in tigecycline 
MICs for MICs for AcinetobacterAcinetobacter baumannii baumannii (N=227);(N=227);

Etest vs. broth microdilution (BMD)Etest vs. broth microdilution (BMD)



Specimen:  Tracheal AspirateSpecimen:  Tracheal Aspirate
Diagnosis:  PneumoniaDiagnosis:  Pneumonia
Acinetobacter baumanniiAcinetobacter baumannii

amikacinamikacin >32 R>32 R
ceftriaxoneceftriaxone >32 R>32 R
colistin colistin �� 0.5 S0.5 S
ciprofloxacinciprofloxacin >4 R>4 R
gentamicingentamicin >16 R>16 R
imipenemimipenem >16 R>16 R
piperpiper --tazobactamtazobactam >512 R>512 R
tigecyclinetigecycline 2*2*
tobramycintobramycin >16 R>16 R
trimethtrimeth --sulfasulfa �� 4/76 R4/76 R

MIC (MIC (µµg/ml)g/ml)

Report comment:Report comment:
““ *No interpretive criteria; *No interpretive criteria; 

Infectious Diseases Infectious Diseases 
consult suggested.consult suggested. ””

Final ReportFinal Report



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 (�� g/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 ( �� g/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 Based on PK/PDPK/PD, there may be different clinical , there may be different clinical 
outcomes if vancomycin used for therapyoutcomes if vancomycin used for therapy

�� 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 ””

�� Some suggest lowering the Some suggest lowering the breakpoint to breakpoint to �� 1 1 µµg/ml g/ml 
for for ““ SS”” ��������



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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CLSI reference broth microdilution methodCLSI reference broth microdilution method



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 (�� g/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 (�� g/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 

–– associated with increase production of associated with increase production of biofilmbiofilm ; ; 
more tolerant to more tolerant to ““ killingkilling ”” ; poor patient ; poor patient 
outcomesoutcomes

*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)

2 S2 S

2 S2 S

2 S2 S

EtestEtest **
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
EtestEtest **
fresh fresh 

BMDBMD
freshfresh

IsolateIsolate
DateDate

hVISA EtesthVISA Etest
VancVancDaptoDapto

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. method, McFarland 0.5 / MHA* Std. method, 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 (�� g/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



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

““ NeedNeed……..Artificial Intelligence..Artificial Intelligence ”” !!
�� 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
�� Informed Clinical Laboratory Scientists!Informed Clinical Laboratory Scientists!

AST



Summary (1)Summary (1)
�� Carbapenem resistanceCarbapenem resistance in Enterobacteriaceae may in Enterobacteriaceae may 

be due to carbapenemases or combinations of other be due to carbapenemases or combinations of other 
�� --lactamases and porin changes.lactamases and porin changes.

�� SME carbapenemasesSME carbapenemases are uncommon, do not are uncommon, do not 
readily readily hyrdolyzehyrdolyze 33rdrd and 4and 4 thth generation generation 
cephalosporins and can be modified Hodge test cephalosporins and can be modified Hodge test 
positive.positive.

�� The effectiveness of gentamicin in The effectiveness of gentamicin in gentamicingentamicin --S, S, 
amikacinamikacin --R and tobramycinR and tobramycin --R EnterobacteriaceaeR Enterobacteriaceae is is 
not known. not known. 

�� There are currently no CLSI or FDA breakpoints for There are currently no CLSI or FDA breakpoints for 
interpreting results for interpreting results for tigecyclinetigecycline with with 
AcinetobacterAcinetobacter spp.spp.



Summary (2)Summary (2)
�� Serious infections caused by MRSA with Serious infections caused by MRSA with 

vancomycin MICs of >1 vancomycin MICs of >1 µµg/mlg/ml may not respond as may not respond as 
well to vancomycin therapy as MRSA with well to vancomycin therapy as MRSA with 
vancomycin MICs of vancomycin MICs of �� 1 1 µµg/ml.g/ml.

�� Different methods may result in Different methods may result in different different 
vancomycin MICsvancomycin MICs for vancomycinfor vancomycin --S S S. aureusS. aureus . . 
Etest produces higher vancomycin MICs than Etest produces higher vancomycin MICs than 
CLSI broth microdilution reference method. CLSI broth microdilution reference 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.



"...there is nothing so satisfying to the "...there is nothing so satisfying to the 
spirit, so defining of our character than spirit, so defining of our character than 
giving our all to a difficult task!giving our all to a difficult task!
President President BarackBarack ObamaObama , 1/20/09, 1/20/09


