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

Discuss detecting and reporting of
multidrug -resistant (MDR) gram -negative
bacteria.

Describe current recommendations for
reporting vancomycin for Staphylococcus
aureus.

Discuss strategies for coping with
continual changes in recommendations

for AST and reporting. ﬁJ
o
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Armid more than 1.7 milion infections annually in hospitals, prevention efforts have been simed
at the most widespread organisms, like the staph infection MRSA and others in the so-called
gram-positive category. These can still be thwarted by antibictics such as vancomycin.

Features ... ;
MDR Klebsiella S
Other MDR GNR S

-

. Eut some of these bugs' wily cousing -- which
dont pick up the purplish dye used in the test

. . to distinguish them from gram-positive bactena

-- are hacoming ultra-resistant, The extra outer

membrane that rejects the stain also gives

them additional armor against antibiotics

Some also produce an enzyme, known as

= - * ESEL, that epables them to break down

- antibiotics and develop even more resistance

Fhote Ressamhers  \ihile they dont cause disease in healthy
AEMECRARIE! I SRtaming e stTart. 1 of artiklies people, infections by gram-negative bacteria



International effort ongoing to
standardize definitions for:

MDR — multidrug -R
(e.q., “R” to 3 drug classes)

XDR — extensively drug -R

(e.g., “R” to almost all classes but retains “S” to at
least one drug class)

PDR — pandrug -R
(e.qg., “R” to all drug classes)

Definitions apply to  “acquired ” (vs. “Intrinsic ”) resistance
and to drugs that might be used to treat an infecti on
caused by the species.



Management of =
Multidrug-Resistant {f_ CDC
Organisms In

Healthcare Settings,
2006

Jane D. Siegel, MD; Emily Rhinehart, RN MPH CIC; Marguente Jackson, PhD; Linda
Chiarello, RN MS; the Healthcare Infection Control Practices Advisory Committee

Acknowledgement:
The authors and HICPAC gratefully acknowlege Dr. Lamy Straushaugh for his many contributions
and valued guidance in the preparation of this guideline

“Individual facilities should seek appropriate
guidance and adopt effective measures that fit
their circumstances and needs. " (page 31)

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



Specimen: Fluid
Diagnosis: Surgical wound Infxn

Serratia marcescens 1
pase #

MIC (ug/ml)
amikacin 1S
ampicillin >32 R
cefazolin >32 R
ciprofloxacin 0.25 S
gentamicin 05S
Imipenem >16 R
tobramycin 1S
trimeth -sulfa 1/19 S

What about imipenem? cephalosporins?



Results verified with standard disk diffusion test




Appendix G. Screening and Confirmatory Tests

for Carbapenemases in Enterobacteriaceae

Appendix G. Screening and Confirmatory Tests for Suspected Carbapenemase
Production in Enterobacteriaceae

it is not necessaly to test an iscolate for a carbapenemase by the maodified Hodge test when all of the
carbapenems that are reported by a lahoratory test either intermediate or resistant (ie, these carbapenem
susceptibility results should be reported as tested). However, the modified Hodge test may be useful in this
case for infection comtrol and epidemiological purposes.

Test

Initial Screen Test

When to do this
test:

Positive screening test  amd
resistance to one or more agents in

cephalosporin . subclass WM ie,
cefoperazone, cefotakine, ceftazidime,

ceftzoxime, and ceftriadone)

Test Method Disk diffusion Broth microdihution _Iodified Hodoes test
Medium MHA CAMHE MHA
Anmtimicrohial Ertapenem 10 pg or Ertapenem 1 pg/mL  or Ertapenemdisk 10 pg or
concentration Meropenem 10 pg Imipenem 1 pginL or
Meropenem 1 pgiml Meropenem disk 10 pg

{(NOTE: The imipenem

disk test performs

poorly as a screen for

carbapenemases.)
Inoculum Standard disk diffusion Standard broth dilution {1} Prepare a 0.5 McFarland

recomimendations

recommendations

standard suspension {using ether
direct colony suspension or growth
method) of E. cofi ATCC® 25922 {the

indicator organismy in hroth or

weomlinem mwrvel slilorbs A oA I oslinnn mr

CLSI
M100-S109.



What are the mechanisms of carbapenem
resistance in Enterobacteriaceae

Carbapenemase ( -lactamase that hydrolyzes
carbapenems)

— Exmp. KPC ( Klebsiella pneumoniae
carbapenemase)

Cephalosporinase combined with porin loss

— Some cephalosporinases (e.g., AmpC -
lactamases or ESBLS) have low -level
carbapenemase activity

— Porin loss limits entry of carbapenem into the cell



.
Modified Hodge Test

KPC pos. K. pneumoniae

S. marcescens ATCC BAA-1705

weak positive

KPC neg. K. pneumoniae
ATCC BAA-1706
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Carbapenermase Found 1n:

KPC . oneurmonizae  and

SME
also IMI, NIVIC

HT
N

Metzllo peta - P. aeruginosa,
lactarmnases Enteropacieriaceane,
(IMP, VIV, GIM, SPIv) Aclnetopacter,

5. maltoopnilia
OAA Acinetobacter paurmarnni

ey, 20:440),

l\’

Adapted frorn Queenan & Bushn. 2007, Clin Micropiol R
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rlydrolysis profile Innioition profile
\/gerr‘]O\—‘f]:—‘f“rlse 3ch} A | ) Clavulanic
| . Azireonarr =DTA L
gen cefs acid
1 PC i T - -
SME +/- + - +
MBL + _ - .
3 gen cefs, cefiriaxone, cefotaxime, ceftazidime
4" gen cef, cefepime
MBL, rmetallo beta -lactarnase
Adapted frorn Queenan & Bushn. 2007, Clin Micropiol R ey, 20:4



(:ar, ~ PSRN .
Gene located on chromosorme  (vs. Y PC on plasmid)

~nee | , ~ie AF £y

Le?g nydrolysis of  cefirlavone, cefotaudme
ceftazidime, cefeplme tnan YPC (S, marcescens 5"
. cllbeoybolly 2

T A, y Iy
to these In vitro:  ? activity in vivo )
Majicludldin et al. 2005, Antirnicrop Agents Chernotner. 59:3421

Eeleels

Queenar et al. 1992, Antirnicron Agents Cnernotner. 4 3035
Uiy =r T DI,
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Infrequently encourniered:

r

ey ~ a"r‘"r 1
Enterooacieriaceas Isolated frorn N, Arnerice,

|

O
—
HE
)

8. Antirnicron Agents Chernotner. 52:570
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[Liic] Final report
urgical wouncd  Inf

)

MIC (na/ml)
ELniacin 1S Report comrnent:
arngicilin >32 R “Imipenerm -R is due to
cefazolin >32 R carpapanemase production
ceftriaxone 05S put not ¥PC). The
ciprofloxacin 0.25 35 effectivensss of -lactarmns in
gentarnicir 0.5 53 ireating infections due o
Irmipenern >16 R carbapenearmase -producing
piper -tazobactam 8S S. marcescens has not peer
"rObrFlm/f‘]ﬂ 13 established. 1D consult
trirnein -sulfa /19 5 suggested. ”
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Reooriing Opilon

Sefrallzl marcescerns
MIC (ug/ml)
arnikeacin) 1S
arnpicillin) >32 F
cefazolin >37
ceftriaxone 05S
cloroflosacin 0.25 5
gentarrnicin 0.55
iripenerrn >16 R
piper -tazobactam 8S
toorarnycin 1S
trirmetn -sulfa 1719 S

sorme ey suppress
carpapenerm result |
ceftriaucone and O]O*—TCIQJ”JH
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nttp:// www.cdc.govincidod/dngo/ar xp lap.nirml




MMWE Marcn 20, 2009 (1)
ntto:/fwwwy.cde.gov/irnrnwr/

CRE = carbapenem, -resistant

Enterobacteriaceae




MIMWR Marcn 20, 2009 (2)

Laboraiory
Responsiollities
Use reliaple test

metnods and report
CRE prompily!

sSurvelllance



Specimen: Blood
Diagnosis: Neuiropenic fever
lepsiella pneurnoniae

I—

MIC (ua/ml)
arnikacin 52 R
arnpicillin >332 F
cefazolln >392 F
ceftazidirrne >3 F
ceftriaxore >3 F
cloroflosacin > F
ger nteurnicin 25
irnipenerrn >16 F
plper -tazopeaciar 128 R
toprarnycin >10 R
trirnetn -sulfa >A[76 P

Wnat aoout arminoglycosides?




nttp:/fwwwy.clsi.org/Content/NavigationMenu/Comrnitte es/Micropiolo gy
JASTIAST.nitrmn







Attp://MMWW. BSAE. org. uk/susceptinility. testing/guide

te._ antimicrebial_susceptibility._testing.cim
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Specimen: Blooc Final Report

:)J -/ ~7 4 ~
| 11 VK a .
Diagnosis:  Neuiropenic fever
I/ ' e ~ .r~
lepsiella pneumoniae
MIC (La/rl)
arniracin 32 F
arnpicillin >32 F
cefazolin >3y f EPOIT comrment:
coftazicdinne -9 o C*Nolinterpretive criteria availaple
coftriayone UYL Irnipenermn resistance NOT due o
cioroflosacin R carpapenermase production,
colistin 0.12* T he effectliveness of gentamicin in
gentamicin 2 ¢ freating infections dueto ¥
imipenarm ~1f 2 preumnoniae that are gentamicin -3,
piper -tazobactarr lzg Fo EAlEAcl ? el ‘J | oprarnycin -R nas
tigecycline 15 notoeen established. |D consult
"ro’or?lm/r*]r >10 R suggyested.

trirnetn -sulfa >A[76 F



MIC (uc/rnl)

arnikacin >332 F

cefiriauone >32 F

colistin 05S

ciprofloxacin > R

gentarnicin >16

irnipenerr >16

plper -tazopzaciar >512 F

tigecycline 2* PR
tobrarmycin e T no interpretive criteria
trirnetn -sulfa 4176 F

VWnat apout tigecycline?
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Tligecycline

ALRE// WWAWWYER. com
(Prescribing| Infiermation)




/

VWrat snould we know aoout testing/ reporiing
tigecycline on Acinetooacter paumannil’?

Currently, no FDA approval for Use ir ireaiing
Acinetopacter Infections

f

Only reakpolr SI r o Acinetopacter soo. eva]JabJe
are publisned by AST stancdards  -type orgznizaiorn
are frorn Briilsn Soclety for Antirnicroblzl
Cnemuoirierapy (BSAC)
nttp:/fwww.osac.org.uk/ do/ docurnents/

— MIC (Lgy/ml) 13,21, >2F

—_— —_—

/W

— Peleg et al. recornmencds using tnese for A, oaurmeanmii
infections otner tharn plood

Peleg et al. 2008, Clin Micropiol Rey. 21:538.
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Wy snouldn 't we use the BS54
SpP. Drearpolnis for vlood Isolaies?

Mevdrnurn olood concentration =
0.63 ug/ml

— Pruclen £ NOT to report plood Isolzies wiin
MICs >0.5 ug/ml as * 5"

— Perforrn MIC not disk diffusion for olood

[solates

Peleg et al. 2008, Clin Micropiol Rey. 21:538.



Wnat are tne acilviiles  tigecycline and
tetracyclines agdainst MDR A, baurnannil?

Tigecycl* Mino Doxy A-S Amik Imip Cipro Poly B

95 83 56 20 29 20 0 100
Use cd MIC oreakpoint ( for Enterobacteriaceas  frorr

tigecycline product pacrage insert (Wyetn Priarmacel ticals Inc.)



VWnat are tne activiiles of tigecycline and
rminocycline against MDR A, paumannii?

Cefirlau
Ceftaz
Cefotax
Cefepime
Irnip
Mero
Clpro
Oflox
SAT
Tetra
GCernt
Tog
Arnik

Tigecycline Minocycline

MIC (Lg/ml) MIC (Lg/rl)
Isolate N Range 90% Range 90% %S
PDR 46 0.5-8 2 0.25-16 16 0.7
/DR 40  0.25-¢ 2 0.25-32 16 30
IPM-S 64 0.03-2 2 0.06-16 8 650.9
Total 150 0.03-8 2 0.06-32 16 26.9

Excluding tigecycline and  minocycline

PDR = R to all including colistin
ADR = only S to colisiin
IPM-S = varianle



l\/Je,r.r ocl -re a'ir.ed cdiscordance in tigecycline
MIC f topacier beumgl.mmn (N 227);
ICrc

(@)
O

See alsom wucll et rIJ /OOJ J r\rJerJrr 'o nernotner. 64:6



arnikacin
ceftriavone
colistin
cloroflosacin
gentarnicin
irnipenerr
plper -tazopzaciar
tigecycline
toprarnycin
trirnetin -sulfa

C (ua/rml)
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Final Report

W

report cornrment:

“*No interpretive criteria;

/)
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Infectious Diseases

consult suggested.

1



Specimern: Pleural fluid
Diagnosis: Prieurmnonia
Stapnylococcus alreus

< U)

ww

)

MIC (_a/ml)

clindarnycin > F
2ryinrormnycin >0 F
oacilin >16 P
oernicillin =
VEINCOrMycln 25

Should we do anyining apoui
vancornycin MIC of 2 Lg/rl?




S. aureus - Vancornycin
MIC Interpretive Criterias (- d/ml)

|

Suscepilple  Intermediate Resistant
7 4-8 15
A A A
r en N N\ N\
VESA VISA VRSA

1L vs 2 Lg/ml

nvISA

1 VI100-519; Ta

A (h=heteroresist

U‘)

C nle 2C,
r 2l

L.
VIS nt) no CLS! recornrmendations f or detecting nVISA

U‘)



W1y rbw It rnetter If vancornycin
MIC s 1 vs. 2 Lg/ml?

BPasec J orn PYJPD, inere ey pe different cliniceal
oUtcornes If vancornycin used for tnerapy
Jnfect]ous D]seases S0C ]e£/ of Arnerica (1D
Il If vancornycin MIC Is;
- IJ/HJJ — rnainiain vancomyc]n trougn serurr
conceniration of 15 -20 g/l
— 2 ng/ml - use gllremrrrjve treatrnernt
Ryoar et al. Clin Infect Dis, 2009, 49:325
JHCTSEI_S]TJ MUrnpers ¢ f]s ltes witn susc p"r]'oJ
MICs of L ancd 2 ug/ml (as compeared to 0.5 Lig/ml)
- rérer eJ 2SS vancomycin “creep”
sorrne 3ugges lowering the  oreakpointio 1 Lig/rl
for *g”

DSA)

S

ﬂ)
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Vancornycin MIC
MRSA Blood Isolai

MIC testing performed

s
a -

Cs are “Creeping up
res 2001 -2005 (N=662)

\/

0y Etest metnod

feinkraus et al, 2007. J Antimicroo Chnernotner. 60;
JWang et al. 2006, J Clin Micropiol, 44:388%3,



Outcornes of Vancornycin Therapy in
92 Patlenis wiin MRSA Bacieremia
(2)) -2007)

Outcormne VAN MIC 1.5 VANMIC <15 P value
(66 patlents) (26 patlents)
Overall failure 24 (36.4)* 4 (15.4) 0.049

rlospital lengin of stay 21 (9.0-43.0) 10,5 (9.0-16.5)  0.02

(%) of patients
testing performed py Etest
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O
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tal. 2008, Antirnicrop Agents Chernotner. 52:3315,

See also...
Soriano et al. 2008, Clin Infect Dis. 46:193,
rollef et. al. 2007. Clin Infect Dis. 45 ( Suppl 3): 191,



noulcd we use for routline

; Sh
ormycin and S. aureus?

— More recent outcorne data
oasecd on Etest

Metnod varianility
— Etest MICs nignier than CLS]
reference metnod MIC
Reproducipility of MIC 'tesra
generally +/- 1 two -fold dilut

MIC = 1.5 ug/ml



\/ancomyc]n MIC (N=101 MRSA)

_!"l

t MIICs > Reference Brotn Microdilution and Agar

Dilution MIC s

cash et al, 2008, Antiricrop Agents Cnernotner.

so...rlsu et al. 2008, Intl J Antirmicrop Agenis. 32:378.
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- Vancornycin MIC Distriouiion
A 2008 (889 MISSA, 662 MRSA)

| reference

orotn rmicrodilution metnod



Speclmen: Pleural fluid
Diagnosis: Prieurmnonia
Stapnylococcus alreus

)

clindarnycin
cdaptornycin
2ryirrornycln
linezolid
oacillin
penicillin
VENComycin

“=\ancornycin MIC determined o

MIC (_a/ml)

Final report
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Specirmern:
Diagnosis:
stapnylococ

< U)
(D

clindarnycin)
2ryinrornycin
oacillin

>3

>3

=16 F

penicillin F
VELNCOrnYycin 0.5 S
Could tnis be nVISA?




Wnat Is nVISA®?

, OOJJ Ulaition of cells with MICs — 4-8 Lig/rr)l

—

(D
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el witn Increase ororll o of olofilrn
more ErJere ntio “lling " poor patlent



Too few *NS” cells to detect with
standard Inoculurn size In routine
AST (MIC & DD results will be  *S");
often slower growinc

Wnat rignt an nVIsSA
Inoculurn look like?

S b R
[ [
e o [ [
LY O
..o . ® 3o : ° :
*® 0.0 o O
o ® o 0 [ o |
o q %0
[ [
0.5 gl 2 1 4 g 1 16 32
[ | [ |
o Veancornycin MIC ( ug/rl)
NS, not susceptible
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What retnocds nave geen used |
letect NnVISA?

Population analysis/AUC (PAP/AUC)

— Place 'rJJJrJ inoculurn or 2ol WILE Valryirg vancornycir
concentraiions and divide oy area under ine gpopulat lor
curve (gold standard)

Etest (fest varic om/fm arid telcoplanin)

— Meacro metnod - nign inoculurn (- MlcF #2) on Brl]

— GRD (ylycopepiide resistarice detzction)

See Yusof et al. 2008, JCM. 46:3042 ol

— MFHA -+ 5 Lug/mlieicoplanin

— Otner screen plaies

o
5
-
11
m
Y]




00
Q)
@
» O
™ (—
L =
= Q
=, O
Ay —
— D
Q (P
— Ua
(P
t—l

Infection -atirioutaple cdeatn
rlospitalization duration, days
Bacteremia, days
Encocarditls

Osteornyeliils

290 0¢ r.'ir.]en'ts WItH

NVISA or VS -MRSE

hVISA  VS-MRSA  p
(N=27)  (N=223)

0-207) 12.5
1-123)

(0-184) .8
2(1-92) .005

5 (19) 5(4) 007
7 (26) 16(7)  .00%

*No. (%) of patients or rmedian value (range)

nVISA icdentifled witn Etest

rneacrornetnod

Maor et al. 2009, J Infect Dis, 199:619,



Pt A —
Endo;ardms - falled v

MIC (ug/mil)

Dapto Vanc

Isolate BMD  BMD  Etest* Etest
Dateé  fresh  fresh  fresh  frozen
916 0.5 35 13 25 25
11/5 0.5 35 25 25 S
12/4 4 NS 25 4| 25
12/5  4NS 41 81  3())

BMD, protn m]frorJ]Jut]orJ

Stdl. method, McFarland 0.5/ MHA
resn, Isolate es ecl wner recovered
rozen, Isolaie tested after freezing
AP, OOO'JJC'[ n analysis

Vanc

A MIRSA Blood Isolates (Same PFGE)
VENCOMYCin | In F

Macro GRD PAP

hVISA - hVISA
hVISA hVISA  hVISA
hVISA hVISA  hVISA

Tenover et al., 2009,

Intl J Antirnicrop Agents. 33:564.



CLS| Retesting Rule

For S. aureus , vancornycin " 5"

J 1] JH

Jates may pecorne Varcorrycin

02
Q

CLSI M100-519, Introcduction.
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Stapnylococe

F)Joor‘l
Endocarditls

LIS zllfells

2

MIC ( g/ml

clindarnycin)
erythrom yYisllg

Jaclllin

pen]c]ll]n
VELNCOrnYycin

fes

Il
e

clentified by Macro
oerforrnecd at Dr.

r
r

/AU

O‘\

>0

\/
OO

>0

r
0.9
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O cTest met
St
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U
m Hlow can we nandle all of this?777

"

“Need.....Artificial Intelligence
Flag aityolcal / Inconsisternt results
Suggest confirmeatory tesis

/)

U

Feoort aporopriate drugs
=it * S or FI” resulistog F R
Add cornments to report

and
Inforrmecd Clinical Laboratory Scientists!



Carpapenern resistance i Enterobacieriaceas may
pe due iy garbapenemases or cormpinations of otner
~Jactamases arcl gorin amges

rez fJJJ/ r/rfJJJ//e de auric) 40
ceonslosoorins arnd carn oe rmoc

poqmved

The effectivensss o JHfJEClHJJ(JfJ Irn gentarnicin -S,
rlmma cin -R and tobramycin -R Enterobacteriaceas |
not Knowrl,

U2

There are currenily no CLS| or FDA preaxpoinis for
interoreting resulis for  tigecycline  with
Acinetopeacier sop



surnrary (2)

Serious Infecilons cau
vancormycin MICs ¢ f> Lig/rnl rneay not r’ezpomd a1s
well to varic om/wr £ 2rapy as MRSA wiin
varcornycin MICs L g/l

JI

Ised py MIRSA wiin
1

O
'—n

re treinods may result in - different

m/(m MJC; for varicornycin -5 -
orocduces nighner varic Qm/rJr | MIICs triar)

*‘J roth rnicro JJJIJrJQr reference meinocdl.

fere are currerily no SJ or uiner standard
cornrnendaions for 95 ng for  nVISA.
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".nere s noining so satistying to tne
splrit, so defining of our cnaracier £’man
giving our all to a difficult task!
President Barack Obparna, 1/20/0¢




