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After review of this program, you
will be able to:

List current CLSI recommendations for antimicrobial
susceptibility testing (AST) and reporting of CRE.

Describe the differences between CRE (Carbapenem-resistant
Enterobacteriaceae) and CPE (Carbapenemase-producing
Enterobacteriaceae).

Explain the significance of CRE and CPE from clinical and
epidemiological perspectives.

Describe when and where to go for help when physicians need
more information than your laboratory can provide for a
potential CRE isolate.



Acronyms Used In this Presentation

CRE = Carbapenem-R Enterobacteriaceae

CPE = Carbapenemase-Producing
Enterobacteriaceae

Also CRO, CRKP, CPKP, CPO

— “0O” = organism
— “KP”=Klebsiella pneumoniae



Basic Concepts




Common B-Lactam Agents
Active Against Gram-Negative Rods (GNR)

B-lactam
Penicillins Inhibitor Combos Cephalosporins Cephamycin| Carbapenems

Amoxicillin  Amoxicillin-clav Cefazolin (1) Cefoxitin Doripenem
Ampicillin - Ampicillin- sulb  Cefuroxime (2) Cefotetan Ertapenem

Piperacillin Piperacillin-tazo  Cefotaxime (3) Monobactam| Imipenem

Ticarcillin ~ Ticarcillin-clav Ceftazidime (3) Aztreonam | Meropenem
Ceftolozane-tazo Ceftriaxone (3)

Ceftaz-avibactam  Cefepime (4)



B-Lactams

B-Lactam B-Lactam
(Penicillin) (Penicillin)

All B-lactams contain a 4-membered -lactam ring
that is essential for activity



Different B-Lactams

Cephalosporins

Carbapenems

Monobactam
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B-Lactam Activity Against Gram-Negatives
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B-Lactam Activity Against Gram-Negatives
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B-Lactam Resistance in Gram-negatives:
B-Lactamases
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B-Lactam Resistance in Gram-negatives:
Porin Channel Obstructed or Efflux Pump Altered
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B-Lactamases Produced by Gram-negatives

Enzymes that hydrolyze the 3-lactam ring,
Inactivating the B-lactam

Hundreds of different types including:
— Penicillinases

— ESBLS

— Carbapenemases

— AmpCs

Selectively inactivate various 3-lactam
antimicrobial agents



Mechanism of Action of B-Lactamases

B-lactamase
(Carbapenemase)

B—Lactm Hydroyzed
(Carbapenem) B-Lactam
(Carbapenem)



Concepts Related to AST

When an enzyme produced by a bacterium
hydrolyzes an antimicrobial agent, the
enzyme inactivates that agent

Low level activity of an enzyme implies
that the MICs are reduced to a lesser
extent than occurs with enzymes that
exhibit higher level activity

— MICs may be In the resistant, intermediate or
even the high end of the susceptible range

— Carbapenemases can exhibit low level or
higher level activity



Carbapenem-Resistant
Enterobacteriaceae

Two mechanisms may result in carbapenem
MICs or zone diameters in the “I” or “R” range
among Enterobacteriaceae
— Carbapenemase production

— Cephalosporinase or ESBL together with porin loss
« Some AmpC B-lactamases and ESBLs have low-level
carbapenem-hydrolyzing activity
* Porin loss limits entry of the carbapenem into the cell



GNR B-Lactamases (Non-car

papenemase)

Class Examples Produced by: Notes
Most inhibited by B-
lactamase inhibitors
ESBLs [TEM, SHV. K. pneumoniae and | | |
other Usually plasmid-mediated;
A CTX-M] .
Enterobacteriaceae Can confer carbapenem
resistance if other “R”
mechanisms are present (e.g.,
porin modification)
B .- - .- - .- -
Inducible in some genera
Enterobacteriaceae and | (SPACE/SPICE organisms);
C AmpC R )
some non-fermenters Not inhibited by clavulanic
acid
D .- - .- - .- -

Adapted from Queenan & Bush. 2007. Clin Microbiol Rev. 20:440.
Bush & Jacoby. 2010. AAC. 54:969; Bush, K. 2013. Ann NY Acad Sci 1277:84.




GNR Carbapenemases

Class Examples Produced by: Notes
K. pneumoniae and other
Serine carbapenemases: Enterobacteriaceae :
A KPC. SME Usually plasmid-
’ mediated (not SME)
S. marcescens
MBL carbapenemases: E.n?::ggg::ct)zﬁaceae Innisiise] oy EDUA
B e.g. NDM, VIM, IMP, GIM, )
Acinetobacter Do not hydrolyze
SPM "
S. maltophilia aztreonam
C S - - - - - -
Acinetobacter baumannii Weaklyv hvdrolvze
D OXA carbapenemases Pseudomonads yny y

Enterobacteriaceae

carbapenems

Adapted from Queenan & Bush. 2007. Clin Microbiol Rev. 20:440.
Bush & Jacoby. 2010. AAC. 54:969; Bush, K. 2013. Ann NY Acad Sci 1277:84.




Most Common




KPC
(Klebsiella pneumoniae Carbapenemase)

Most common carbapenemase in USA
First report 1996 from North Carolina
Usually a high level of enzyme can be produced

Mostly K. pneumoniae, also K. oxytoca, E. coli,
C. freundii, Enterobacter spp., Salmonella,
Serratia spp., P. aeruginosa and other GNRs

Plasmid with KPC gene generally has other R
genes including genes for ESBLS



Metallo B-Lactamase (MBL)
Carbapenemase

NDM (New Delhi MBL) is the most common MBL

worldwide; frequently encountered in India and
Pakistan

~irst report 2008 in a Swedish patient who was
nospitalized in India

Called MBL because zinc is required for activity
Mostly K. pneumoniae and E. coli

blayoy gene is highly mobile

Also includes bla,,s, blay,




OXA Carbapenemase

First described in Acinetobacter baumannii in 1985

OXA-48

— Commonly found in Europe and Africa; relatively rare in
USA

— First reported in 2008 in Turkey
— Mostly K. pneumoniae, E. coli

Many OXA-48-like variants described to date (OXA-
181, OXA-232)

Weakly hydrolyze carbapenems and cephalosporins
(OXA-48 has greater hydrolytic properties than some
other OXAs against carbapenems)



Number of MBL-producing Gram-Negative
Rods Reported in the U.S. to the CDC (as of
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Slide courtesy of
B. Limbago, CDC



Carbapenemase Spread and Diversity

A single patient may harbor several species
containing bla,yc

— One patient had KPC-producing K. pneumoniae, E.
coli, and Serratia marcescens
Sidjabat et al. 2009. Clin Infect Dis. 49:1736.

A single patient may harbor several species
with different carbapenemases

— One UCLA patient
« KPC (K. pneumoniae)
« SME (S. marcescens)
Pollett et al. 2014. J Clin Microbiol. 52:4003.



Breakpoints




Breakpoint Reminders

CLSI and FDA set / revise breakpoints in USA

Carbapenem breakpoints for Enterobacteriaceae
were updated by:

— CLSI in 2010

— FDA Iin 2012 (ertapenem, imipenem); 2013 (meropenem)

— Note: for doripenem, FDA lists “S” only breakpoint of 0.5
Mg/ml (zone 223 mm); 2012

Current FDA breakpoints may not be updated on
commercial systems

— Clinical laboratory must perform a verification for a
commercial system if using breakpoints other than those
that are FDA-cleared on that system

Check with manufacturer of your commercial system for
breakpoint status.



Where are the current CLSI breakpoints?

M100S 26t ed Table 2A (J

Table 2A-1. Zone Diameter and Minimal Inhibitory Concentration Interpretive Standards for Enterobacteriaceae

Testing Conditions
acceptable QC ran
Medium: Disk diffusion: MHA
Broth dilution: CAMHB
Agar dilutio
srowth m or direct colony suspensio
cFarland standard
ambient air
Disk diffusion: 1 & hours
Dilution methods: 16-20 hours

Inoculum: , equivalent to a

combinations)
Incubation:
When a commercial test
refer to the 2 instructions
recommendations and L}C ranges.

AT a registered trademark of the American Type Culture Collection.

Refer to Tables 3A, 3B, and 3C for additional testing recommendations, reporting suggestions, and QC.
General Comments

(1) For disk diffusion, test a maximum of 12 disks on a 150-mm plate and no more than & disks on a 100-mm plats

). Each zone diameter should be clearly measurab

Measure the diameter ﬂf lhn: zones of complete inhibition (as judged by the unaided sye), incl

ab Ve a nlack' b kground illuminated with reflected light. The zone margin should b

i f int growth of tiny colonies that can be detected only with a magnify

tralnfa of Proteus spp. ma swarm mm reas of inhibited growth around certain antimicrobial agents th Pro

growth in an otherwise obvious zone of growth inhibition. With timethoprim and the sulfonamic
therefore, disregard slight growth (2

eus spp.

When fecal isolates of
roulinelv In additio

ed and reportec
fla Paratyphi A—C) isolated
spp isolated from intestinal sources. In

extraintestinal and intestinal bourceé Rotttine :USCEDIIDIIIW testing is not indicated fnr nnnt\rpnou:lal Salmonel
contrast, susceptibility testing is indicated for all Shigella isolates.

(3) The dosage regimens shown in th mments column below are those nee-:le-d to ac hieve plasma drug exposure:
functions) on which brea omt: were based. When |mpls~ment|ng
infectious diseases prac

Routine QC Recommendations (See Tables 4A and 5A for

r carbapenem

and chloramphenicol

adults with normal renal and hepatic
boratories share this information with

anuary 201

CLINICAL AND

/// LABORATORY

lNST‘ITUTE

M100S

Performance Standards for Antimicrobial
Susceptibility Testing

B R TR

tem is used for susceptibility testing,
for

QC  test

sks should be placed no less than 24 mm
yverlapping zones prevent accurate measurement
ding the diameter of the disk. Hold the
nsidered the rea showing no obvious, visible growth that can be
g lens at the edge of the zone
ignore the
antagonists in the medium may allow some slight gro
or less of the lawn of growth) and measure the more obvious margin to determine the zone diameter

Pelri plate a few inches

inhibited growth.
veil of swarming

This document provides updated tables for the Clinical and
Laboratory Standards Institute antimicrobial susceptibility testing
standards M02-A12, M07-A10, and M11-A8.




Where are the current FDA breakpoints?

¢ U_S. Department of Health and Human Services

rl.) U.S. Food and Drug Administration
IDA Protecting and Promoling Your Health

Antibacterial and Antifungal Product Labeling:
Microbiology Susceptibility Interpretive Criteria
(Breakpoints) and Quality Control Parameter
Updates

f sHare

Updated
1/21/16

http://www.fda.gov/AboutFDA/CentersOffices/OfficeofMedicalProductsa

ndTobacco/CDER/ucm?275763.htm

[ = == = e =

| Google: “FDA Interpretive Criteria Updates” and you |
' will see list of dates of updated breakpoints



http://www.fda.gov/AboutFDA/CentersOffices/OfficeofMedicalProductsandTobacco/CDER/ucm275763.htm
http://www.fda.gov/AboutFDA/CentersOffices/OfficeofMedicalProductsandTobacco/CDER/ucm275763.htm

: To view the FDA breakpoints for a specific antimicrobial agent, :
| click on: “Dailymed” or “Drugs@FDA”™ I

I I D DN D DN DN DG DS DG DS D D DS D D B B D D D D D B B D B e B e e e em e mem b

Qﬁ U.5. Department of Health and Human Services

I@ U.S. Food and Drug Administration Aoz e | Foemron | nEeret
FIDYA

Protecting and Promoting Your Health

E Medical Devices Radiation-Emitting Products | Vaccines, Blood & Biologics

About FDA

Home > About FDA > FDA Organization > Office of Medical Products and T¢ About the Center for Drug Evaluation and Research

Antibacterial and Antifungal Product Labeling:
— Microbiology Susceptibility Interpretive Criteria

(Breakpoints) and Quality Control Parameter
Updates

f SHaRE

Type of Application
Appli- Number
cation

Criteria®

Amoxicillin

09/24/15



I Type in antimicrobial agent name, then click on “Label
: Information” for the antimicrobial agent, which will open up a

| pdf of the package insert.

AfoZimdex | Follow FD& | En Espafiol

m U.S. Food and Drug Administration I

Protecting and Promoting Your Health Most Popular Searches

Drugs | Medical Des Radiation-Emitting Pre

Drugs@FDA y | ContactUs

FDA
FDA Approved Drug Products

Search by Drug Mame, Active Ingredient, or Application Number
Posted: March 7, 2016
DailyMed Now Served Over HTTPS Only
DailyMed has been updated to serve all content over HTTPS only.
Erowse by Drug Name

The base URL for the web application is: http ailymed.nlm.nih.gov/ ABECDEFGHIJKLMNOPGRSTUVWXYZ 09

The base URL for the web service is:

Drug Approval Reports by Month



. Then Go to “Clinical Pharmacology section” in the package !
I Insert (subsection Microbiology) for FDA BPs :

as e e - S D S S S S S S S S S S I S I S S S S S S S S S S S e e e e .

11 DESCRIPTION

12 CLINICAL PHARMACOLOGY
12.1 Mechanism of Action
12.2 Pharmacodynamics

12.3 Pharmacokinetics
12.4 Microbiology
13 NON-CLINICAL TOXICOLOGY

13.1 Carcinogenesis, Mutagenesis, and Impairment of

Fertility

Table 6: Susceptibility Test Result Interpretive Criteria for Doripenem
Minimum Inhibitory Disk Diffusion
s ( ) (zone diameters in mm)
Pathogen Susceptible* Susceptible*
Enterobacte ae =05
Pseudomon
Acinetobacter

Streptoc
group (S

Anaerobes

* The current absence of resis isolates prec 7 'Suscepti tes yielding
MIC or disk
n/a = not applicable

o
=

FDA Breakpoints
for Doripenem




Where can | find information about
“Verification “of ASTs?

M member price

ASMPRESS Categories Cumitech 31A: Verification and Validation of Procedures in the

Applied and Industrial Clinical Microbiology Laboratory (WEB DOWNLOAD)
Microbiclogy

Access Period: 14 d

Book ISBN or Item Number: 978-1-55581-530-1

RightsLink Permissions

Clinical
I\/\|crob|ology

N E W S L ETTTE

WWW. l:mrlewslt:tter com

Coordinating Editor
Susan E. Sh:

IN THIS ISSUE

CLINICAL AND
/// LaBoRATORY |

................................................. ereteresiiasiaaieaasiattaaatiaaes

M52

Verification of Commercial Microbial
Identification and Antimicrobial Susceptibility
Testing Systems

This guideline includes recommendations for verification of
commercial US Food and Drug Administration—cleared microbial
identification and antimicrobial susceptibility testing systems
by clinical laboratory professionals to fulfill regulatory or

quality assurance requirements for the use of these systems for
diagnostic testing.

............................................................ Shersressarrantainaan




AST Verification Requirements

In USA, laboratories must perform verification
study when implementing a new test or new

breakpoints
— CLIA requirement

Must perform if using:
— Disk diffusion
— Commercial system that is FDA-cleared for the new

breakpoints
— Commercial system that is not FDA-cleared for the

new breakpoints



Verification

Accuracy Reproducibility
CoqunéoFare I\tlrlle\c/i w/ Run to run - Within run -
el)S ATCC strains 5bugs x 3
Manufacturer’s In-house
Information studies
Literature Test minimum of
30 isolates

FDA-cleared AST
...Prior to patient testing




AST In-House Verification Study - Example*

Step Details

Obtain Isolates *ODbtain isolates from a reference laboratory or other source

N = 30 (“reference set”); “Reference set”:

-Is provided with meropenem MIC and S, I, R results that were
obtained from method verified with current CLSI/FDA BPs

-includes both “S” and “R” phenotypes with variety of MICs

Test by * Evaluate carbapenems routinely tested in your laboratory
Automated MIC | <Interpret MICs (M100S 26" ed)

Review MIC and | +*Compare MIC results from automated AST system to

S, I, Rresults “reference” MIC results (essential agreement)

«Compare S, |, R results from automated AST system to
“reference” S, I, R results (categoric agreement)

«Some results may not agree; need plan to arbitrate (e.g., send to
another lab that uses CLSI reference MIC method)

Write verification | «Submit for laboratory director approval
report

* verify current CLSI/FDA meropenem BPs on commercial automated AST
system using set of organisms obtained from a reference laboratory



Example: Meropenem In House Verification Study
Test Method: Automated AST System
Reference (Comparator): “Reference Set” from Lab B

: Isolates = CA VME ME
Organism
No.(No. R) | # % # % # % # %
E. coll 10 (2) 10 | 100 | 10 | 100 | O 0 0 0
2 CR (KPQC)

K. pneumoniae

10 (5 9 |90 | 9 |90 | 1 |20| 0o | O
5 CR (4 KPC, 1 NDM) )

Other

Enterobacteriaceae 10 (2) 9 90 | 10 |100| O 0 0 0
(1 SME, 1 NDM)

Total 30 (9) 28 |93.3| 29 | 97 1 |11 | O 0

CR = carbapenem resistant; VME = very major error; ME = major error

* Unacceptable result - repeat, send to second reference lab for additional testing.
Isolates may have lost plasmid. Avoid excessive subbing to avoid plasmid loss.



Interpreting Carbapenem
Results

The best way to detect CRE Is to use
current breakpoints!




CLSI M100S 26t" ed Table 2A
Enterobacteriaceae and Carbapenems

See comment (7).

CARBAPENEMS

(256) Following evaluation of PK-PD properties, limited clinical data, and MIC distributions that include recently described carbapenemase-producing sirains, revised interpretive criteria
for carbapenems were first published in June 2010 (M100-520-U) and are listed below. Because of limited treatment options for infections caused by organisms with carbapenem
MICs or zone diameters in the intermediate range, clinicians may wish to design carbapenem dosage regimens that use maximum recommended doses and possibly prolonged
infravenous infusion regimens, as has been reported in the literature.** Consultation with an infectious diseases practitioner is recommended for isolates for which the carbapenem
MICs or Zone diameter results from disk diffusion testing are in the intermediate or resistant ranges.

Laboratories using Enterobacteriaceae MIC interprative crteria for carbapenems described in M100-520 (January 2010) should perform the MHT, the Carba MNP test, andfor a
molecular assay when isolates of Enferobacteriaceae are suspicious for carbapenemase production based on imipenem or meropenem MICs of 2—4 pg/mL or ertapenem MIC of 2
pafmL {refer to Tables 3B and 3C). After implementation of the current interpretive criteria, the MHT does not need to be performed other than for epidemiological or infection control
purposes (refer to Table 38).

The following information is provided as background on carbapenemases in Enferobacteriacese that are largely responsible for MICs and zone diameters in the intermediate and
resistant ranges, and thus the rationale for setfing revised carbapenem breakpoints:

«  The clinical effectivenass of carbapenem treatment of infections produced by isolates for which the carbapenem MIC or disk diffusion test results are within the intermediate range
is uncertain due to lack of controlled clinical studies.

Imipenem MICs for Proteus spp.. Frovidencia spp., and Adorganella morganii tend to be higher (eg, MICs in the intermediate or resistant range) than meropenem or doripensm
MICs. These isolates may have elevated imipenem MICs by mechanisms other than production of carbapenemases.

Doripenem 10 pg =23 2022 v =10 =1 - 2 =4 | (26) Interpretive criteria are based on a dosage
X regimen of 500 ma every & h.

Ertapenem 10 pg 121 =18 05 1 =2 | (27) Interpretive criteria are based on a dosage

i i i regimen of 1 g every 24 h.

Imipenem 10 pg : ! ro20-22 1 =19 P2 =4 | (28) Interpretive criteria are based on a dosage
! i ! ! regimen of 500 mg every 6 hor 1 g every 8 h.

Meropenem 10 pg 3 ! voo20-22 0 =19 ! =4 | (29) Interpretive criteria are based on a dosage
| : | | regimen of 1 g every 2 h.




CLSI Carbapenem Breakpoints /
Dosage Comments

ZIZ-—Z._' ¢o=18 ! 2 {26) Interpretive criteria are based on a dosage
i i regimen of 50

z2dl | i 821 | =18 =05 | 1 =2 | (27) Interpretive » based on a dosage
i i i i regimen of 1 ¢
Imipenem =23 2022 v =18 i 2 (28) Irutwrpruhm ased on a dosage
i | i i r-=l:l|rn-r1 g ey

| {EE-] Ir|t|4r|:|r-’r| VE ':rlh-'fl.:l are I:L-h-:l:l on a dosage
regimen of 500 mg every & h.
(27) Interpretive criteria are based on a dosage
regimen of 1 g every 24 h.
(28) Interpretive criteria are based on a dosage
regimen of 500 mg every 6 hor 1 g every 3 h.
(29) Interpretive criteria are based on a dosage
regimen of 1 g every 8 h.

M100S 26th ed Table 2A.



CLSI Carbapenem Dosage Comment

“Because of limited treatment options for
Infections caused by organisms with
carbapenem MICs or zone diameters in the
Intermediate range, clinicians may wish to
design carbapenem dosage regimens that use
maximum recommended doses and possibly
prolonged intravenous infusion regimens as
has been reported in the literature.”

Maintain higher antimicrobial agent levels in patients
for longer periods of time.

CLSI M100S 26th ed.
Daikos et al. 2011. Clin Microbiol Infect. 17:1135.



Enterobacteriaceae - Carbapenem
Breakpoints (MIC ug/ml)!

current CLSI & EDA 4 | 51 Breakpoints

Agent Breakpoints
Susc Int Res Susc Int Res
Ertapenem <0.5 1 22 <2 4 28
Imipenem <1 2 24 <4 8 216
Meropenem <1 2 24 <4 38 216

Current CLSI

Ao Breakpoints

Old CLSI Breakpoints

Doripenem? <1 2 24 none

1CLSI M100 26t ed; also lists corresponding disk diffusion breakpoints
°’FDA breakpoint “S” only = <0.5



Testing for the Enzymes




Do we need to determine If a
carbapenemase is present in CRE?

Patient care

— No, when using the “current” CLSI breakpoints

— Yes, if using “old” CLSI breakpoints

Infection control

— Yes, if outbreak suspected; possibly in other settings

Epidemiology / research

— Yes, to better understand emerging resistance and
plan for “challenges”

Some say MUST identify resistance mechanism in all CRE as
carbapenemase-producers are more worrisome than non-
carbapenemase-producing CRE.



Introduction to Tables 3B and 3C. Tests for Carbapenemases in
Enterobacteriaceae, Pseudomonas aeruginosa, and
Acinetobacter spp.

ESBL/AmpC + porin)

Some false neg
(eg NDM)

Enterobacteriaceae
only

reagents

Some invalid results

False neg for OXA-
type carbapenemase

MHT Carba NP Molecular
Use Enterobacteriaceae Enterobacteriaceae Enterobacteriaceae
P. aeruginosa P. aeruginosa
Acinetobacter Acinetobacter
Strengths Simple Rapid Determines type of
carbapenemase
Limitations | Some false pos (eg, |Special “fresh” Special reagents

Specific to targeted
gene

Difficult for some
micro labs to
Implement

CLSI M100S 26 ed.




Modified Hodge Test for Carbapenemases

Table 3B. The Modified Hodge Confirmatory Test for Suspected Carbapenemase Production in Enterobacteriaceae

NOTE: If using FORMER minimal inhibitory concentration (MIC) interpretive criteria for carbapenems described in M100-520 (January
2010), please refer to modifications in Table 3B-1 below.

Confirmatory Test

When to Do This Test: For epidemiological or infection control purposes. NOTE: No change in the interpretation of carbapenem susceptibility test
results is required for carbapenemase-positive isolates.

Test Method MHT

Antimicrobial Ertapenem disk 10 ug or
Concentration
Meropenem disk 10 pg

(1) Prepare a 0.5 McFarlanc suspension (using either direct colony suspension or growth method) of E. coli ATC
(the indicator organ in broth or saline, and dilute 1:10 in saline or broth. Inoculate an MHA plate as for the rc:unrw dis
procedure. Allow the plate to dry 3 to 10 minutes. Place the appropriate number of ertape
noted below and shown in Figures 1 and 2.

'_ = e el = ) = streak sho e 3 : 2
noted below and shown in quurt-“ 1and 2. i
Capacity of small and large MHA plates (100-mm or 150-mm diameter, respectively):

Sma Large

Incubation Conditions 2
Incubation Length 16—20 hours

M100S 26t ed. Table 3B.



Carba NP Test for
Carbapenemase Production

Isolated colonies (lyse)
Hydrolysis of imipenem

Detected by change in pH of
Indicator (red changes to
yellow/orange) NO .

Rapid <2h imipenem imipenem
Microtube method

Nordmann et al. 2012. Emerg Infect Dis. 18:1503.

Tijet et al. 2013. Antimicrob Agents Chemother. 57:4578.
Vasoo et al. 2013. J Clin Microbiol. 51:3092.

Dortet et al. 2014. J Med Microbiol. 63:772.

Dortet et al. 2014. Antimicrob Agents Chemother. 58:2441.




Carba NP Test - Examples

Blank Neg KPC OXA48 OXA181 NDM IMP VIM SME

Pos Invalid Neg Pos Pos Pos Pos

Courtesy of Shaun Yang, P. Hemarajata



Modified Hodge Test - Examples

Neg Control Pos Control OXA 232
KPC False neg Positive Positive

Courtesy of Shaun Yang, P. Hemarajata



Modified Hodge Test False Positive

Pos Control

Neg Control AmpC + porin 10Ss

Neg Control

Courtesy of Paul Schreckenberger



CIM Test — for Carbapenemase
(Carbapenem Inactivation Method)

Principle:

« A suspension of bacteria is incubated
with a standard meropenem disk.

* If the organism produces
carbapenemase, it will inactivate the
meropenem in the disk.

* Following 2 h incubation, the
meropenem disk is removed from the
suspension and placed on a lawn of E.
coli ATCC 25922.

* Following overnight incubation,
carbapenemase activity is #1 carbapenemase positive
demonstrated by a loss of meropenem #2 carbapenemase negative

activity in the disk.
van der Zwaluw K, et al. 2015. PLoS One. 10(3):e0123690




Neo-Rapid CARB Screen Kit

Commercial kit; similar to Carba NP
Enterobacteriaceae and P. aeruginosa

Tablets
— Imipenem + indicator
— Negative control

<2 hours
Research use only

www.keyscientific.com



Molecular Tests for Carbapenemases?

Biofire 2

— KPC

Nanosphere ?

— KPC, NDM, OXA, IMP, VIM

Cepheid °

— KPC, NDM, OXA-48, IMP-1, VIM

BD Max 4

— KPC, NDM, OXA-48

NucliSENS EasyQ KPC 4

— KPC

Check-Points CPE 4

— KPC, NDM, OXA-48, OXA-181, IMP, VIM
1 Not all inclusive

2 FDA-cleared; for use with positive blood culture broth

S FDA-cleared: for use with isolated colonies
4 RUO (Research Use Only)



Reporting Results
Testing and Reporting Additional Agents




Specimen: Blood [Final Report with
Diagnosis: Pneumonia ptiona ~ommen
Klebsiella pneumoniae

MIC (png/ml)

amikacin >32 R
cefepime >32 R . _ ,
e >32 R This Klebsiella pneumoniae

. . has unusual carbapenem
ciprofloxacin >2 R results and is considered
ertapenem >4 R carbapenem-resistant
gentamicin >10 R Enterobacteriaceae (CRE);
meropenem 4R Infectious Diseasee}’ Consult
piperacillin-tazo >128/4 R suggested
tobramycin >10 R

trimeth-sulfa >4/76 R



Treatment Options for CRE

Polymyxins

— Colistin, polymyxin B

Tigecycline

Minocycline

Aminoglycosides (not tobramycin)

Fosfomycin

Ceftazidime-avibactam (class A producers only)

Usually a combination of antimicrobial agents
(often with a polymyxin) are used



Supplemental Antimicrobial Agents to Consider
for AST of CRE

Antimicrobial Enterobacteriaceae
Agent (CRE)
Minocycline Yes
: : Yes (excluding
1
Tigecycline Pro/Prov/Morq)
Colistin .
(or polymyxin B) S
Fosfomycin Yes 3
Ceftazidime-
avibactam Ve

1 Not on urine isolates. Breakpoints (ng/ml): No CLSI; FDA <2 S, 4 |, 28 R; EUCAST =1 S,>2R
2 Breakpoints (ug/ml): No CLSI; EUCAST <2 S,>2R

3 Breakpoints (ug/ml): CLSI <64 S, 2256 R for E. coli only; EUCAST <32 S, >32 R for all
Enterobacteriaceae



Avallability of ASTs for Supplemental
Drugs for CRE

Automated CLS
Antimicrobial Disk Diffusion Etest Reference MIC
Systems method 1
Minocycline Some Yes Yes Yes
Tigecycline Yes Yes Yes Yes
. Yes, but poor Poor
Colistin
(or polymyxin B) 2 No performance, | performance, Yes
RUO RUO
Fosfomycin 34 No Yes Yes Yes
Ceftaz-avibactam Some Yes, RUO Yes, RUO Yes

L performed by few laboratories

2no FDA-cleared commercial methods
3 only test reliably by agar methods

4 FDA-cleared for E. coli and E. faecalis only




Thank you for your attention!

Brought to you by the Outreach
Working Group of the CLSI
Subcommittee on Antimicrobial
Susceptibility Testing



