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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.
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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
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International effort ongoing to
standardize definitions for:

MDR — multidrug -R
(e.g., “R” to 2 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
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“Individual facilities should seek appropriate
guidance and adopt effective measures that fit
their circumstances and needs. " (page 31)

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



Specimen: Fluid
Diagnosis: Surgical wound Infxn

Serratia marcescens 1
pase #

MIC (pg/ml)
amikacin 1S
ampicillin >32 R
cefazolin >32 R
ciprofloxacin <0.25 S
gentamicin <0.5S
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 (B-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

KPE pes: K. . pneumoniae

S. marcescens ATCC BAA -1705

g a
weak poSItive
o

KPC neg. K. pneurhoniae
ATCC BAA-1706



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

Moecuian Carbapenemase Found in:
Class
A K. pneumoniae and
other Enterobacteriaceae
S. marcescens
also IMI, NMC, GES Enterobacteriaceae
B Metallo beta - P. aeruginosa,
lactamases En_terobacteriaceae,
(IMP, VIM, GIM, SPM) | Acinetobacter,
S. maltophilia
D OXA Acinetobacter baumannii

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



Some features of carbapenemases

Hydrolysis profile Inhibition profile
Carbapenemase gg: ,cit:s Aztreonam EDTA Cla\;é:gmc
KPC + + - +
+ - +
MBL + - + -

3'd gen cefs, ceftriaxone, cefotaxime, ceftazidime
4™ gen cef, cefepime
MBL, metallo beta -lactamase

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



What Is unique about SME as compared
to KPC?

Gene located on chromosome (vs. KPC on plasmid)

Less hydrolysis of ceftriaxone, cefotaxime,
ceftazidime, cefepime than KPC ( S. marcescens “S”

to these In vitro; )
Majiduddin et al. 2005. Antimicrob Agents Chemother. 59:3421.
Queenan et al. 1992. Antimicrob Agents Chemother. 4  4:3035.

Infrequently encountered:

— 2000-2005

— 50,881 Enterobacteriaceae isolated from N. America, Latin
America, Europe

— 5 SME (S. marcescens )!
Castanheira et al. 2008. Antimicrob Agents Chemother. 52:570.



Specimen: Fluid Final report
Diagnosis: Surgical wound Infxn

- 1
Serratia marcescens ﬂasﬂ H

MIC (pg/ml)
amikacin 1S Report comment:
ampicillin >32 R “Imipenem -R is due to
cefazolin >32 R carbapanemase production
(but not KPC). The
ciprofloxacin <0.25 S effectiveness of B-lactams in
gentamicin <0.5S treating infections due to
Imipenem >16 R carbapenemase -producing
S. marcescens has not been
tobramycin 1S established. ID consult
trimeth -sulfa <1/19 S suggested. ”



.
Selective Reporting Option

Serratia marcescens

MIC (ug/ml)
amikacin 1S
ampicillin >32 R Some may suppress
cefazolin >32 R carbapenem resultif “S” to
ceftriaxone and piperacillin -
ciprofloxacin <0.25 S tazobactam
gentamicin <0.5S
imipenem >16 R ....but, always report
“unexpected resistance .
tobramycin 1S (CLSI M100-5S19. Table 1.

trimeth -sulfa <1/19 S Note 1. p 33.)



http:// www.cdc.gov/ncidod/dhqgp/ar_kp_lab.html
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Guidance for Control of Infections with Carbapenem-Resistant or Carbapenemase-Producing
Enterobacteriaceae in Acute Care Facilities

Infection with carbapenem-resistant Enterobacteriaceas (CRE} or carbapenemase -producing Enterobacterigceas is cmerging 45 an emportant challenge i health-care settings (). Currently, carbapenem-resistant Klebsialla preumeniae
(CREP) is the species of CRE most commonly encountered in the United States. CREP is resistant to almost afl avadable antimicrobial agents, and mfections with CREP have been nssociated with hagh rates of morbidity and mortabity, particulsdy
among persons with prolonged bosptabration and thoss who are cotically il and exposed to mvasive devices (e g, veotfators or central venous catheters). This report provides updated recommendations from CDC and the Healtheare Infection
Control Practices Advisory Committee (HICPAC) for the conirol of CRE or carbapenemase -producing Enterobacreriaceae i acute care (mpabent) fackties. For all acute care facilibes, CDC and HICPAC recommend an aggressive mfection
control strategy, ivchdng mannging all patients with CRE using contact precagtions and implementmg Chnical and Laboratery Standards Instingte (CL5T) puedebnes for detection of carbapenemase prodoction. In areas where CRE are not endermic,
acute care facihties showdd 1) review microbology records for the precedmg 6--12 months 1o determme whether CRE have been recovered at the facihiy, 2) if the review fmds previondly wrecogrred CRE, perform a pomt prevalence culture
survey in high-risk units to look for other cases of CRE, and 3) perform active surveilance cultures of patients with epidemiclogic Enks to persens from whom CRE have been recovered. In areas where CRE are endemic, an increased lkehood
exists for mporation of CRE, and faciliies should consider additonal strategies to redoce rates of CRE (7). Acute case faclities should review these recommendations and implement appropriate strategies to bt the spread of these pathogens

For CREP, the most smportant mechanism of resistance is the produoction of a carbapenemase enyme, & ""1 . The gene that encodes the &la, . enzyme s camed on a mobde piece of genetic maternial (transposon), which increases the nisk for

e
dissemmation. Smce firet dedenibed m North Carolna in ]""":'_-‘ CFREP has been identified = 24 states and is :lr:n:ﬁ ered rommely m certam hospitals i Mew York and WNew Jersev (3), Anabysis of 2007 data regarding health-care--assocmated
mfectons reported to CDC mdicated that 8% of all KTebsialls wolates were CREP, compared with fewer than 1% m 2000 (CDC, unpublshed data, 2008). CREP poses sgnificant treatmient challenges, and CREP infections have been
associted with increased mortabity, length of stay, and mereased cost (), The emergence and spread of CREP and other types of CRE is another in a senies of womisome pubbc health developments regarding sntamicrobial resistance amoag gram-

negative bacteria and mderscores the mmedinte need for aggressive detection snd contral srategies ()

A difficulty in detecting CRE is the fact that some strains that harbor bu'-:r:‘p: hanve minsmal mhibitory concentrations (MICs) that are ebevated but still withen the susceptible range for carbapenems. Becanse these strams are susceptible to
.-..:rbq:hrnm:':_ they are not pdentfied as p:..-!enﬁn] checal or mfection comtrod mikes usin!c cigrent 'a'l.l.:'.crpﬁl'ri.lii'..' 'I-.-'.ﬁnp; Fu'.d_-h.e-.- To address tes cha]}..-nr_r_ m .'-n:m.;u'_'.' 2008 CLS] Fuhlidu-d a recommendonon that r.'u:i:-npermn. 1.1:':rr|wihj.|.-
Enterobacterigceae with elevated MICs or reduced disk diffusion zome sizes be tested for the presence of carbapensmases using the modiied Hodge test (MHT) (). The MHT & o phenotypic test used to detect corbapenemases in isolates
demonstrating elevated but susceptible carbapenem MICs and has demonstrated sensanaty and specihicity exceedmg 90% in identifang carbapenemase-producmg Enterabacrtariaceae (0). [f the MHT reveals the presence of a carbapenemase,
CLS] recommends that a comment be added to the macrobiclogy report 1o mform clrmoans and mfection prevenbonests. Becamse treatrment mfcrmation on MHT -positnce, carbapensm-susceptible molates i lbnited, CLS] podelnes do not
recommend any changes regardang the reporting of susceptibdity results themsebees. Strams of Enferobocreriaceas that test termedbiate or resistant to carbapenems should be reported as such and do not need to be subjected to the MHT

Pabents with wwecognized CRKP colomzation have served as reservors for ransomsacn dirmg health — -
addition to a review of infection control practices, active surveillance culiures were performed on pati C R E — Car ape ne I I I — reS I Stant
colonired patents who were not previoushy known o harbor CREKP snd were not placed i contact p
care persorme] adherence to recommendations for gown and glove wie was bow (52%3) at the bospital

only 45%: of patient encounters. The hospital eventually was able to control the outbreak through enls E n te ro b aCte r i aC e ae

cases were idenified

Etp-mn:ﬂ-:ﬂ fFﬂTI ':h-r l:ﬂsl:lr-::l.i. m Pu-rﬂcl Rico and elsew hﬂ't Inl:-tnl:rl' ]ﬂ'wlj sugg-rm that r-xl detection through use of targeted surveillance and miroduction of Hrict mfection control meanmes (inchading "l.“ll'ﬂ"-'.‘ﬂ'l.'ﬁﬂl.'l'lt of hand hw-‘s:cn: and contact
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Infection Mrevention and Control

M MWR M arCh 20 2009 (2) * All acute care facilities should implement contact precautions for parients colonized or infected with carbapenem
]

resistant Entervbacteriacede (CRE) or carbapenemase-producing Enterobacteriaceae. No recommendarion can be mad,

[t';.lhilﬂ'_-_‘\_' Wl!L‘I!I o -ujl:'\-l_'-l?'lll.ljll]l.' COniact ;1IL'I.'.ill1il"lI'I‘\-.

Laboratory

* Clinical microbiology laboratories should follow Clinical and Laborarery Srandards Inseirure guidelines for wuv.'-.'|1:|| wility rest

. e ing () and esmablish a F'I-Iir]lr\'nl for detection of -.'.irl:-..|Ew|:.rJ|a.qu.- lum{m tion (.. |>f_-|'l'n|.u:..u|cq.- of the modified Hodge rest).
I E eS ponSIbIIItIeS . a * Clinical microbiology laboratories should establish systems to ensure prompt notificarion of infection prevention staf
. of all Emterobacteriaceae isolaves thar are nonsusceprible to carbapenems or Klebsiella spp. or Escherichia colf isolate
| Se re | | able test that test positive for a carbapenemase.
thod d t i
previously unrecognized CRE have been present in the faciliry,

I t pro I ptly! = ][ 1J|I‘-It\'l‘."-‘.-'it{r_!lfl;i.\'.‘-]1[L'\'J.':|-II‘-|E:|.' l]lil!'l.'l.'l|“|__"[1i..fL'l.|1 Il!".,.ll'lﬂllil [“.i."\.'-\.il.l.'l.l'l.l.'“".l['\"."'-'|.| I‘-lllgtl.'J-i-l.lrlldill.ll.'|l'|t'‘1Ill"LK.'.!l.t.lllll.'l.

cultures) should be |u.'r|n1|u:.'1! to look for CRE in |:'L-r;!|.-|"h5: unijts {e.g., intensive care units, units where previou

o All acure care facilivies should review clinical culture resules for the preceding 6=12 months o derermine whethe

cases have been identified, and units where many |'-.|:'4¢,-1ux e ;-t;pnwd to broad SpectIum antimicrobials)

- If this review does not idendfy previously unrecognized CRE, monitoring for clinical infecrions should b
conrimused.

T}

- ]I L H.E or l..’lII.'.iJ.'l'i.' ICINASC -["‘IHI.I.I.III.II.'I‘._" .J‘-..:I':"l'l‘.‘-r' i |

1 P Or .Ir" |'-'-'|'I.' AlC l.ll.tLl.":l.l.I. 1‘]'.'-"1 O O mong -.']Ilill.'..ll l.l.lllll.l'l.'- {:l". i tlill.

ot F‘[L"\'.’Il-’.']'lL'i.' HULVCY IC 'L'E.'.I.I.\ L e l:_:]'ll.:ﬂ.'l‘i =t -|-.=n|.r.1r|- 1, 1]1l. I..i-.'.llil'}' '\l'.ll'lI.!Jl.i sl tor |'" '\\I:Ii'l]i.' FATLSITIISSECO |1:|.'Z

S u rve I | Iance — Conducting active surveillance resting of patients with epidemiologic links to a parient with CRE infection (e.g,

Fr.li:'rnlx in the same unit or who have been cared for by the same health-care |u.|:u:|:.|1;lil.

Conrtinue acrive surveillance periodically (e.g., weekly) until no new cases of colonization or infection suggest
ing cross-rransmission are identifted,

- !l Lransmission l!-!.'; H.E is not identibed afrer Il.'[‘q.ir-..'d acrive surveillance testing, consider .Il.II.'I:Il:I;_'hI!'II. surveil

£,
l.lll.L"\. \[ln.“L"!_:'l' ||"| I:'H.'lti!r““ll:f_‘: PL‘IlllliLl\. Eu'l'll'lt |'l|.\"\'|!|i.]|.l\.'ﬂ.' SUNTYs 1N |:I|:L|"]'|'r|‘-l‘;. I.Jrli.h.

= In arcas where CRE are endemic, an increased likelihood exists for impormation of CRE, and the procedure

outlined might not be sufficient to prevent tansmission. Facilities in such areas should moniror elinical cases ane

consider addirional strategies to reduce rates of CRE as described in the 2006 Tier 2 guidelines for managemen

of multidrug-resistant organisms in health-care sentings (2). Recommendarions for rare calculations have beer

described previously (3).

References

I. Clinical and Laboratory Standards Instivute, 2000 performance standands for antimicrobinl susceptibiliny testing. Mineteenth information supple
ment (M I00-519), Waivne, ]'.-'l. Clinical and Laboratoey Standards Tnseirue: e,

2. CDC, Healeheare Infection Conrral Practices Advisory Commirtee. ."l1.|.|'|.|::_:r.'|.|.-'||[ of |:|:|u|!|-.i!’l.|;-n"-.|l.la||.l organiims in healtheare sertings, 2006
Arlanta, C:A: US Deparmment of Health and Human Services, CDC, Healcheare Infection Cantrel Practices Advisory Commines; 2007, Availabd
at hiepel fwwows.cde. govincided d hgpd pdifarimd roguidel ine 2006, pdi

. Cohen AL, Calfee [3, Fridkin 5K, et al. Recommendations for metrics for multidnig-resistant onganisms in healtheare semings= SHEA/HICTAC

position paper. Indect Control ”l-*-|1 ]'F1:-|n.|:|||r-| 2008 2020113




Specimen: Blood
Diagnosis: Neutropenic fever Pasﬂ #2
Klebsiella pneumoniae f

MIC (ug/ml)
amikacin 32 R
ampicillin >32 R
cefazolin >32 R
ceftazidime >32 R
ceftriaxone >32 R
ciprofloxacin >2 R
gentamicin 2 S
Imipenem >16 R
piper -tazobactam 128 R
tobramycin >10 R
trimeth -sulfa >4/76 R

What about aminoglycosides?
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Informational Supplement

General

Enterobacteriaceae and non-Enterobacteriaceae, which are resistant to tobramycin and anukacm, but
susceptible to gentamiemn, most likely produce a 6-acetyltransferase. In tlus case, only one of the three
gentanucin subcomponents, €, remains active. Since the fraction of Cj varies between gentanucin
formulations and C; appears to have different pharmacokinetics than gentamicin as a whole
(Antimicrob Agents Chemother. 1975;7:328-332), are the gentamicin interpretive breakpoints accurate
m these cases? Would 1t be reasonable to report gentamicin susceptibility as intermediate or provide a
comment that gentamicin activity 1s uncertain?

The comment raises an interesting question. We have no data that would support changing the
susceptible category to intermediate or resistant. However, when an isolate that is gentamicin
susceptible and amikacin and tobramycin resistant is encountered and selective reporting is
used by the laboratory, the susceptibility to gentamicin and the resistance to tobramycin and
amikacin should all be reported.
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Susceptibility Testing Guide

Baszed on the Journal of Antimicrabial Chemotherapy Supplement (&S [Z001] 48, Suppl, 510,
Individual chapters are available balow:-

Chapter One
History and developreant of antimicrobial susceptibility testing methodalogy

Jily 2001

Chapter Two

Det inatio in i i itoky & jan
March 2006 (chapter under raviaw)

Chapter Thrae
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2ULS

January

Chaptar Four
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Chaptar Five
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Mergion & Aprll 2007
Chapter Six

Detection of beta-lactamase-mediated resistance

August 2005

Chapter Seven

Detection of methicillindosacillin resistance in staphylocacei
July 2001

Chapter Eight

Duality assurance of antimicrobia

Chiptar Nine http://www. bsac.org. uk/susceptibility._testing/guide
te antimicrobial_susceptibility. testing.cfim
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Table IX. Phenotypes; interpretation of mechanism and editing of antibiograms: aminoglycosides versus Gram-
negative bacteria

GEN NET TOB AMK KAN NEO Interpretation Frequency Edit/action and comments

E. coli and other Enterobacteriaceae not shown separately

S S S S S S classical common

R S S S S S AAC(3)I Rare Also R to fortimicin

R R R S R S AAC(3)N rare Greater R to GEN than to TOB
or NET

R R R S r R AAC(3)IV rare Also R to apramycin (used in
veterinary practice). Mostly in
E. coli

SIr R R R R R AAC(E") rare One component of GEN
remains active but in vivo use
best avoided.

R S R S R S ANT(2") rare Equal R to GEN and TOB

S = S S R R APH(3") C on Usually more R to KAN than
NEO. Was common, now rarely
tested.

'R r'R 'R 'R 'R 'R impermeability’ rare Low-level R to all

aminoglycosides

AAC(6’) “common ” In S. marcescens

David Livermore (BSAC website)




Specimen: Blood

Diagnosis: Neutropenic fever

Klebsiella pneumoniae

MIC (ug/ml)
amikacin 32 R
ampicillin >32 R
cefazolin >32 R
ceftazidime >32 R
ceftriaxone >32 R
ciprofloxacin >2 R
gentamicin 2S
iImipenem >16 R
piper -tazobactam 128 R
tobramycin >10 R
trimeth -sulfa >4/76 R

Final Report
//
nase #

Report comment:

“*No interpretive criteria available
Imipenem resistance NOT due to
carbapenemase production.

The effectiveness of gentamicin in
treating infections due to K.
pneumoniae that are gentamicin -S,
amikacin -R and tobramycin -R has
not been established. ID consult
suggested. ”



Specimen: Tracheal Aspirate
Diagnosis: Pneumonia

Acinetobacter baumannii 'laSﬂ #3
]

MIC (ug/ml)
amikacin >32 R
ceftriaxone >32 R
ciprofloxacin >4 R
gentamicin >16 R
Imipenem >16 R

piper -tazobactam >512 R

* - . . .
tobramycin >16 R Nno Interpretive criteria

trimeth -sulfa <4/76 R
What about tigecycline?



Tigecycline — FDA Breakpoints

(no CLSI breakpoints)

Table 2. Susceptibility Test Result Interpretive Criteria for Tigecyeline

Mininmuim Inlubitory Disk Daffusion

Concentrations (pg/mL) (zone diameters m mm)
Pathogen S I R S I R
Staphylococcus aureus
(including methicilhin-resistant
1solates) <0.5° - - =19 - -
Streptococcus spp. other than
5. pneumoniae <() 25" - - =>19 - -
Enterococcus faecalis
(vancomycin-susceptible
isolates only) <0.25° . - =19 . -
Enterobacteriaceae” <2 4 >8 >19 15-18 <14
ﬁunemhea <4 3 216 n/a n'a n'a

* The current absence of resistant 1solates precludes defining any results other than * ‘Susceptible”
Isolates yielding MIC results suggestive of * N::uumcepnble
reference laboratory for further testing. TlgeCyC“ﬂe
® Tigecyeline has decreased in vitro activity against Morganei http:// WWW.Wyeth.COm
Providencia spp.

 Agar dilution

(Prescrbing Infermation)



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

Currently, no FDA approval for use in treating
Acinetobacter infections

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

http://www.bsac.org.uk/_db/ documents/
— MIC (ug/ml) €1 S,21,>2R

— Peleg et al. recommends using these for  A. baumannii
iInfections other than blood

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



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

Maximum blood concentration =

0.63 pg/mi

— Prudent NOT to report blood isolates with
MICs >0.5 pg/ml as “S”

— Perform MIC not disk diffusion for blood
ISolates

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



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

%Susceptible (N=93)

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

20| 38 | 20 0 100

*Used MIC breakpoint (S <2 pg/ml) for Enterobacteriaceae from
tigecycline product package insert (Wyeth Pharmaceu ticals Inc.)

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



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

Tigecycline Minocycline
Tested:
Amp -sulb MIC (pg/ml) MIC (pg/ml)
'Izir%-tazo Isolate | N |Range | 90% | Range | 90% | %S
Cfefrtsiax PDR 46 | 0.5-8 2 0.25-16 | 16 8.7
genaz XDR |40 0254 2 |02532| 16 | 30
ﬁneifpime IPM-S | 64 |0.03-2| 2 |<0.06-16/ 8 | 60.9
I(\:/I_ero Total [150]| 0.03-8 2 [=0.06-32| 16 36.6
Ipro
Oflox : : : : :
SXT Excluding tigecycline and minocycline ....
Tetra PDR = R to all including colistin
?&;‘t XDR = only S to colistin
Amik IPM-S = variable

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



Method -related discordance in tigecycline
MICs for Acinetobacter baumannii (N=227);

Etest vs. broth microdilution (BMD)
A

%% isﬂlates at MIC

Ll ”

MIC (ug/ml)

MICy,: Etest=4 pg/ml  BMD =1 pg/ml

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



Specimen: Tracheal Aspirate Final Report

Diagnosis: Pneumonia

Acinetobacter baumannii ﬂaSﬂ #3

MIC (ug/ml)
amikacin >32 R
ceftriaxone >32 R
colistin =0.5S  Report comment:
ciprofloxacin >4 R “*No interpretive criteria;
gentamicin >16 R Infectious Diseases
imipenem >16 R consult suggested.

piper -tazobactam >512 R

tobramycin >16 R
trimeth -sulfa <4/76 R



o
Specimen: Pleural fluid ) |
pase #

Diagnosis: Pneumonia
Staphylococcus aureus

MIC (nag/mil)
clindamycin >8 R
erythromycin >8 R
oxacillin >16 R
penicillin R
vancomycin 2 S

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



S. aureus - Vancomycin
MIC Interpretive Criteria ( pg/mil)

Susceptible | Intermediate | Resistant

<2 4-8 >16
4 A \ 4 A \ 4 A \
VSSA VISA VRSA
<1vs 2 pg/ml
hVISA

CLSI M100-S19; Table 2C.
hVISA (h=heteroresistant) no CLSI recommendationsf  or detecting hVISA



Why does It matter If vancomycin
MIC I1s 1 vs. 2 ug/ml?

Based on PK/PD, there may be different clinical
outcomes If vancomycin used for therapy

Infectious Diseases Society of America (IDSA)
Guidelines; if vancomycin MIC Is:

— =1 ug/ml — maintain vancomycin trough serum
concentration of 15 -20 mg/L

— 22 ug/ml - use alternative treatment
Rybak et al. Clin Infect Dis. 2009. 49:325

Increasing numbers of isolates with susceptible
MICs of 1 and 2 pg/ml (as compared to <0.5 pg/ml)

- referred to as vancomycin “creep”
Some suggest Iowerlng the Dbreakpointto <1 pg/ml
for (11 S”



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

AL [ g 1.}

Figure 1. Vancomvein MIC populstion distribution 20001 - 05,

MIC testing performed by Etest method

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



Outcomes of Vancomycin Therapy In
92 Patients with MRSA Bacteremia
(2005-2007)

Outcome VAN MIC 21.5 | VAN MIC <1.5 | P value
(66 patients) | (26 patients)
Overall failure 24 (36.4)* 4 (15.4) 0.049
Hospital length of stay 21 (9.0-43.0) |10.5(9.0-16.5)| 0.02

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

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

See also ...
Soriano et al. 2008. Clin Infect Dis. 46:193.
Kollef et. al. 2007. Clin Infect Dis. 45 ( Suppl 3): S191.



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

s Etest best?

— More recent outcome data
based on Etest

Method variability

— Etest MICs higher than CLSI
reference method MICs

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

MIC = 1.5 pg/mil



Vancomycin MIC (N=101 MRSA)

Etest MICs > Reference Broth Microdilution and Agar Dilution MIC s

TABLE 1. Comparison of vancomycin MICs determined by broth
microdilution, agar dilution, and Etest”

No. of isolates (%¢) with MIC (pg/ml) determined by:

Vancomycin MIC
(pg/ml) Broth Agar Etest Etest

microdilution  dilution (Remel agar) (BBL agar)

21 (20.8)  1(1) 0 (0) 0 (0)
1 (1) 1 (1)
77(76.2) 88(87)|  11(10.9)  1(1)
69 (68.3) 62(61.4)
3(297) 12(11.9) | 20(19.8)  37(36.6)

Modal MIC (pg/ml) 1 I 2 2

2 MICs were determined for 101 MRSA blood isolates obtained between 2002
and 2006,

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




S. aureus - Vancomycin MIC Distribution
UCLA 2008 (889 MSSA, 662 MRSA)

90+
80+
70+
60+
50+
40+
30+
20+
10-

O_

MSSA
50.5 B MRSA

% of isolates

VAN NV N RN

<=0.5 1 2 >=4
Vancomycin MIC (ug/ml)

CLSI reference broth microdilution method



Specimen: Pleural fluid Final report
Diagnosis: Pneumonia

Staphylococcus aureus ﬂase #4

MIC (na/ml)
clindamycin >8 R
daptomycin 05S
erythromycin >8 R
linezolid 1S
oxacillin >16 R
penicillin R
vancomycin 2 S*

“*Vancomycin MIC determined by Etest method ”



Specimen: Blood

Diagnosis: Endocarditis Pﬂse #5
]

Staphylococcus aureus

MIC (nag/mil)
clindamycin >8 R
erythromycin >8 R
oxacillin >16 R
penicillin R
vancomycin <0.5 S

Could this be hVISA?



.
What is hVISA*?

S. aureus that show ....

—vancomycin MIC <2 ug/ml (S) by conventional
MIC tests

— subpopulation of cells with MICs  4-8 ug/ml

— associated with increase production of biofilm ;
more tolerantto “killing ”; poor patient
outcomes

*heteroresistant VISA



What m|ght an hVISA Too few “NS” cells to detect with

standard inoculum size in routine

inoculum look like? AST (MIC & DD results will be  *S”):;

often slower growing

<0.5 ‘1”2”4”8”16”232‘

_ 1 bacterium Vancomycin MIC ( pg/ml)

NS, not susceptible



What methods have been used to
detect hVISA?

Population analysis/AUC (PAP/AUC)

— Place high inoculum on agar with varying vancomycin
concentrations and divide by area under the populat lon
curve (gold standard)

Etest (test vancomycin and teicoplanin)

— Macro method - high inoculum ( McF #2) on BHI

— GRD (glycopeptide resistance detection)
See Yusof et al. 2008. JCM. 46:3042

Screen plates

— MHA + 5 pg/ml teicoplanin
— Other screen plates

GRD Etest




Outcomes In 250 patients with
Bacteremia due to hVISA or VS -MRSA

hVISA VS-MRSA | p
(N=27) (N=223)
Infection -attributable death 12 (44)* 81 (36) 4
Hospitalization duration, days 12 (0-207) (12.5 (0-184) | .8

Endocarditis 5(19) 8 (4) .007
Osteomyelitis 7 (26) 16 (7) .006

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

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



Pt. X — 4 MRSA Blood Isolates (same PFGE)

Endocarditis - failled vancomycin and daptomycin Rx

MIC (ug/ml)
hVISA Etest
Dapto | Vanc Vanc
Isolate | BMD | BMD | Etest* | Etest*
PAP
Date | fresh fresh | fresh | frozen e SHD
9/16 <0.5S 1S 2S 2S - - _
11/5 <0.5S 2S 2S 2S -
12/4 2S 2S
12/6

BMD, broth microdilution
* Std. method, McFarland 0.5/ MHA
Fresh, isolate tested when recovered

Frozen, isolate tested after freezing
PAP, population analysis

Tenover et al. 20009.
Intl J Antimicrob Agents. 33:564.



.
CLSI Retesting Rule

For S. aureus, vancomycin " S”
Isolates may become vancomycin
during prolonged therapy.

Suggestion:

Test subsequent isolates of S. aureus from
similar body site after 3 -4 days to see If
Isolate Is still vancomycin  -S.

CLSI M100-S19. Introduction.



Specimen: Blood Final report
Diagnosis: Endocarditis

Staphylococcus aureus 'IaSﬂ #5
[ |

MIC (nag/mil)
clindamycin >8 R
erythromycin >8 R
oxacillin >16 R
penicillin R
vancomycin <0.5 S

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



How can we handle all of this????

“Need.....Artificial Intelligence !
Flag atypical / inconsistent results
Suggest confirmatory tests
Report appropriate drugs
Edit “S” or “I” resultsto “R”
Add comments to report
and
Informed Clinical Laboratory Scientists!

AST




.
Summary (1)

Carbapenem resistance In Enterobacteriaceae may
be due to carbapenemases or combinations of other
B-lactamases and porin changes.

SME carbapenemases are uncommon, do not
readily hyrdolyze 3 and 4t generation
cephalosporins and can be modified Hodge test
positive.

The effectiveness of gentamicin in  gentamicin -S,
amikacin -R and tobramycin -R Enterobacteriaceae is
not known.

There are currently no CLSI or FDA breakpoints for
Interpreting results for tigecycline with
Acinetobacter spp.



.
Summary (2)

Serious infections caused by MRSA with
vancomycin MICs of >1 ug/ml may not respond as
well to vancomycin therapy as MRSA with
vancomycin MICs of <1 pg/ml.

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

There are currently no CLSI or other standard
recommendations for testing for  hVISA.




Thank¥e

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




