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Todays agenda

* Challenges from WS 2022 - Changes in the ESBL_,zp, SCreening
algorithm

* Challenges related to some carbapenemase screening
* Screening agar -> CPE detection
* Phenotypic detection with Combined Disc Test (CDT) and temocillin
* Molecular confirmation of carbapenemase-production —> NAAT/lateral-flow



Challenge 1 from WS 2022: Specificity of meropenem
screening breakpoints depending on species

Algorithm for detection of carbapenemases

Meropenem <28 mm with disc-
diffusion (or MIC =0.125 mg/L) V 12.0

in all Enterobacterales’ Exception:
meropenem 25-27 mm AND
piperacillin-tazobaktam z 20 mm:
no further testing’

|

Can the exception be improved for especially
Enterobacter spp?




2023 v 13.0, Revised flowchart ESBL.pgrga

Algorithm for detection of carbapenemases

Weropenem <28 mm { or MIC
0125 mgiL) im all Exceplions:
Enierobacterales’ = Enterobacter spp. ind. K. sarcgenes: meropenem 25-27 mm AND

piperacillin-tazobactam 2 12 mm no further testing'
= Other species: meropenem 25-27 mm AND piperacilin-tazobsktam

2 20 mm: no further testing’

Purpose of the change: To reduce the workload
in the laboratories regarding the most common
species with derepressed AmpC-production as
the reason for meropenem < 28 mm.

But at the same time reduce the risk of missing
any OXA-48 positive isolates

V13.0
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Enterobacterales- Revised flowchart ESBL.grga

E. cloacae complex CPE(2015-2021: n=358)
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Background to the revised flowchart!

E. cloacae complex CPE (2018-2021; n=90)
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2023 v 13.0, Revised flowchart ESBL.pgrga

Algorithm for detection of carbapenemases

Weropenem <28 mm { or MIC =,
{ (1125 mgiL} in =l } Exceptions: V13.0

Enierobacterales’ = Enterobacter spp. ind. K. sarcgenes: meropenem 25-27 mm AND

piperacillin-tazobactam 2 12 mm no further testing'
= Other species: meropenem 25-27 mm AND piperacilin-tazobsktam

2 20 mm: no further testing’

The first exception does not seem to work
for other Enterobacterales species like

Providencia spp and Proteus spp. but data
are very limited!




Challenge 2 from WS 2022: Revised temocillin
cut-off for OXA-48?

1For laboratories using disk diffusion there is no added value in determining meropenem MIC regarding carbapenemase detection.

* NAAT (nucleic acid amplification test, e.g. PCR, LAMP)/lateral flow test should include the most common carbapenemases (OXA-48, NDM, VIM and
KPC). If the test is negative, but the isolate is still suspected to be carbapenemase producing (e.g. due to laboratory or epidemiological reasons), consider
additional testing for rarer carbapenemases (e.g. IMP, IMI, GES) or whole genome sequencing.

® In rare cases highly resistant isolates with no synergy may harbor more than one carbapenemase.

4 High levels of resistance to temocillin (>128 mg/L, zone <12 mm) may indicate OXA-48. OXA-48 producing isolates are also resistant to piperacillin-
tazobactam and amoxicillin-clavulanic acid.

3 Some new OXA-48 variants (e.g. OXA-244) don
variants and suscpetibility to temocillin can not b

resistance to temocillin. A phenotypical test using disc diffusion is not available to detect these
out carbapenemase production

Can NordicAST provide a revised temocillin cut-off zone diameter that harmonize with
manufacturers instruction for OXA-48 detection with CDT?




2023 v 13.0: Revised comments on Temocillin

Algorithm for detection of carbapenemases

keropensam <28 mim | or MIC

00126 mg'L) im all Expeplions:
Enierobacterales’ =  Enterobscier spp. indl. K serogenes: meropenem 25-27 mm AMND
piperscillintazobactam & 12 mm no further testing?
| = Other species: meropenam 25-27 mm AND piperacilin-tazobaktam

| LEECI mmirn; mo further testing?

Direct detection [Directdebectian usir‘g} [ Phenotypical ]

using MAATY calorimetric! Detection using
lateral flow test? biochemicsal test disk diffusion

"y s " "
. Synergy with )
5:"”'.2'9"" :Mth bimnig:acid E.?FEF.E:'.' unth Mo synergy®
boronic acid only \ AND clazasillin ) dipicolinic acid )

R’ ' Y Rt
{in rare cEses AmpZ (chromo- - )
N \ Metalle-bela- Temodillin R4 : I
other class A somal or EZBL.) [ lact == (MBL) A4 [ Temocillin 5 }

carbapenemases) | | plus porinloss | y

v v v v v

[ “Werify with additional test. e g MAATIsteral flow or whole genome sequencing

' For lzboratories wsing disk diffusion there is no added value in determining meropenam MIC regarding carbapsnemase detection.
2 MAAT (nucleiz acid amplification test. e.g. PCR, LAMP iWateral flow test should include the mest common carbapenemases (DXA-48, NOM. WIM and KFC). If the test is negative,

but the isclats is still suspected to be carbapenemass producing (e.g. due to Isborstory or epidemiclogicsl reasons), consider additional festing for rerer carbapenemases (e.g. IMP,

IMI, GES) or whole genomie sequeancing.
3 |n rare ceses highly resistant isolates with no syn harzor more than cne carbapenemass.

* High l=vels of resistance fo tamocillin (>128 mgil, zone <12 mm). may indicate OXA-48 Follow the manufacturers instructions for temocillin interpretal-inn if a commercial

phenotypical test is used.
T Some new C0A-48 variants (e.g. CXA-244) do not cause resistance to temocillin. A phenotypical test using disc diffusion is nof available o detect these variants and susceptibili

to temocillin can nof be used to rule out carbapenemase production. All CEA-48 vaniants isolates are however resistant to piperacillin-tezobactam and amcedcillin-clevulanic scid..




The OXA-244 challenge -a short reminder

A variant of OXA-48 with a single Arg214GIn mutation
2012 first discovered on a plasmid of a K. pneumoniae isolate in Spain
2013 found in E.coli from Germany

Since then increasing regional and national dissemination of OXA-244-producing
E. coli in EU/EEA. Mainly ST38.

2020 Norway: a healthcare-associated outbreak involving 12 cases of OXA-244-
producing E. coli

ECDC rapid risk assessment report 2021

* The source and route of transmission in EU/EEA/UK is currently unclear, and there is a need
for further invest(ijgation. The wide geographical dispersion of cases within countries, without

cases being linked in place and time, indicates transmission in the community as the main
mode of spread.

* Adaptation of microbiology methods for detection is needed to prevent continuous
unnoticed spread.



The OXA-244 challenge-example from
Karolinska University laboratory

* During 2018 to 2022 we detected 183 isolates with OXA-48
From March 2018 to December 2022 _

OXA-244 positive isolates 64 (35%)

* Temocillin S (212 mm) 38 (60%)

* Temocillin R (<12 mm) 26 (40%)

* Piperacillin-tazobactam disk diffusion All isolates £12 mm

e Ertapenem disk diffusion All isolates below the R-breakpoint <25 mm
* ESBL positive isolates 2020-2021: 85% (16/19)

ESBL-A: 74%, ESBL-M: 11%



OXA-244.:
Temocillin zone diameters 2018-2022
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OXA-244.
Piperacillin-tazobactam zone diameters 2018-2022
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Challenge: Screening agar



Screening for colonisation with CPE
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Metoddokument: CPE screening
Title: Screening for carbapenemase-producing Enterobacteriaceae (CPE)

Scope of the document. This document gives recommendations on laboratory methods for screening for colonisation with
carbapenemase-producing Enterobacteriaceae (CPE). Indications for screening, the number and interval of screening
samples and the consequences of a positive or negative result are outwith the scope of this document and should be
determined by local or national infection control policies.

Considerations for which
screening agar to use

= Can we only use an ESBL agar for detection of CPE?
=  Which CRE agar to use?

RSS

CPE (ESBL-CARBA)

I Rectal swab/faecal sample! I

: ,,,// : \‘\‘

Molecular/PCR screening:
Should include OXA-48, VIM,

I Selective broth (optional) I

NDM and KPC (IMP optional)

Y >

Specific OXA-48 media
(optional) V

I General CPE media I

y

Culture positive samples (mandatory)
I € For higher sensitivity negative samples
may also be cultured (optional)

I Meropenem mm zone and/or MIC and AST?

v

I Phenotypic confirmation (optional) l

v

Molecular confirmation (locally or reference lab):
Should include OXA-48, VIM, NDM and KPC
(IMP optional)

1 CPE-screening must include a rectal swab or faecal sample. Other relevant sites may also be sampled.
2 According to EUCAST/NordicAST recommendations



Can we only use an ESBL agar for screening for CPE?

B-lactam group

Penicillins 1-2. gen. Cephamycins Extended- Aztreonam Carbapenems
cephalosporins spectrum
cephalsosporins
ESBL-CARBA-A | KPC + + +/- + + +
IMI + + - - +/- +
GES-variants + + .|./_ + - +
FRI + + - + + +
ESBL-CARBA-B | NDM, VIM, + + + + - +
IMP etc.
ESBL-CARBA-D | OXA-48-like, + + +/- (/j\) - +
N
| .
Sins Carbapenemase- No. of blaqry.m No. of bla ry. Total no. of isolates
2015-2021 variant positive isolates negative isolates
OXA-48-like 145 53 198

EEEE) 27% of CPE with OXA-48-like negative for blacy.,,



OXA-48-like CPE not co-producing an ESBL
does not grow on ESBL agar

Journal of
J Antimicrob Chemother 2020; 75: 2120-2123 AntlmlcrOblql
doir10.1093/jac/dkaal55 Advance Access publication 3 May 2020 Chemotherapy

Screening of OXA-244 producers, a difficult-to-detect and emerging
OXA-48 variant?

Cecile Emeraud™™, Laura Biez>*, Delphine Girlich®*, Agnés B. Jousset™, Thierry Naas ® ™,
Rémy A. Bonnin ® >* and Laurent Dortet (® *™*

L

» Use of specific agar for CPE is required!

» E. coli OXA-244, ESBL-negative (n=18) -> No growth on ESBL agar

» E. coli OXA-244, ESBL-positive (n=81) -> 95.1-96.3% grew on ESBL agar



Which CRE agar?

Brilliance CRE — Brilliance ESBL/CRE biplate
Chromatic CRE
Chromatic OXA-48
ChromID OXA-48
ChromID CARBA
Chromagar KPC
Chromagar mSuperCARBA
In-house

biplate

biplate

Challenge:

Faecal samples vs. isolates

Setting — which carbapenemase is dominating?
Strain collection

Single agar studies

Detection limit

YVVVYVVY
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Screening for carbapenemase-producing Enterobacteriaceae (CPE)

selective agars for detection
ithaut; w., with]
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ORIGINAL ARTICLE

Comparison of nine different selective agars for the detection
of carbapenemase-producing Enterobacterales (CPE)

Check for
updates

Stephan Géttig ' - Sarah V. Walker®* « Ahmad Saleh* . Florian Koroska - Julian Sommer"  Yvonne Stelzer®* «
s

Joerg Steinmann®* « Axel Hamprecht>*

Culture media Detected CPE  Sensitivity (95% CI) Specificity Youden
isolates (95% CI) index
CRE agars
chromID CARBA (bioMérieux) 59 85.5% (75.0-92.8%) 87.5% (73.2-95.8%)  0.73
chromID OXA-48 (bioMérieux)' 24 34.8% (23.7-47.2%)" 100% (91.2-100%) 035
Chromatic CRE (Liofilchem) 65 94.2% (85.8-98.4%) 60.0% (43.3-75.1%) 0.54
Brilliance CRE (Oxoid) 68 98.6% (92.2-100%) 60.0% (43.3-75.1%) 0.59
McCARB (in-house) 67 97.1% (89.9-99.7%) 72.5% (56.1-85.4%) 0.70
MeCARB-T (in-house) 67 97.1% (89.9-99.7%) 77.5% (61.6-89.2%) 0.75
ESBL agars
chromlD ESBL (bioMérieux) 66 95.7% (87.8-99.1%) 32.5% (18.6-49.1%) 0.28
Chromatic ESBL (Liofilchem) 66 95.7% (87.8%-99.1%)  57.5% (40.9-73.0%)  0.53
Brilliance ESBL (Oxoid) 66 95.7% (87.8-99.1%) 30.0% (16.6-46.5%) 0.26

! This medium was developed to specifically detect OXA-48 but has been assessed for the detection of also other

carbapenemases in this study




Detection of CPE with KPCs, NDMs, VIMs

* In general CRE agars detect CPE with KPC, NDM, VIM

Table 2  Detection of the different agars stratified by carbapenemase

Carbapenemase McCARB McCARB{ Brilliance Chromatic  chromlD ChromID Brilliance Chromatic  chromID
T CRE CRE CARBA OXA-48 ESBL ESBL ESBL
(Oxoid)  (Liofilchem) (bioMérieux)fj (bioMérieux) | (Oxoid) (Liofilchem) (bioMérieux)
NDM [n=9] B (BR.9%) B (¥3R.9%) 9 (100%) 9 (100%) 8 (BE.9%) I (11.1%) 9 (100%) 9 (100%:) 9 (100%)
OXA4E [n=20] 20 (100%:) 20 (100%) § 19 (953%) 20 (100%%) 12 (60%) 20 (100%) 17 (85%) 17 (B5%) 17 (85%)
KPC [n=10] 10 (100%) 10 (100%) § 10{100%) B (80%) 9 (90%:) 0 {0%) 10 {100%) 10 (100%) 10 (100%)
VIM (n=20) 19 (95%) 19 (95%) 20(100%:) 18 (90%) 20 (100%) 3 (15%) 20 (100%) 20 (100%:) 20 (100%)
GIM [n=3] 3(100%) 3 (100%) 3 (100%) 3 (100%) 3 (100%) 0 (0%) 3 (100%) 3 (100%:) 3 (100%)
Multiple carbapenemases 7 (100%) 7 (100%) Qlﬂﬂ‘}j 7 (100%) 7 (100%) 0 (0%) p 7 (100%) 7 (100%:) T (100%)
[n=7]

" This medium was developed to specifically detect OXA-48 but has been assessed for the detection of also other carbapenemases in this study. The
number of isolates which were detected are displayed, the sensitivity is given in brackets

» Some variability between agars

» OXA-48 specific agar -> supress growth of CPE with other carbapenemases

Gottig S. et al. Eur. J. Clin. Microbiol. Infect. Dis. 2020



Detection of CPE with OXA-48

Table 1. Sensitivity of ChromID” CARBA SMART (bioMérieux), Brilliance™ CRE (Thermo Fisher) and mSuperCARBA™ (MAST Diagnostic) media

Growth on plate, n (%)

ChromID® CARBA

SMART Brilliance™
MIC of MIC of  CarbaNP
p-Lactamase  temocillin - No.of imipenem  test +, CARBA OXA mSupqL ChromID®
Microorganism content (mag/L)  strains (ma/L) n (%) side side CARBA CRE ESBL BLSE
E. coli OXA-244 =512 1 4 0(0) 1(100) 1(100) 1(100) 1(100) 0(0) 01(0)
32-256 18 0.25-2 10 (56) 0(0) 0(0) 17 (94) 8 (44) 0(0) 0(0)
OXA-244 + ESBL =512 7 0.25-8 6 (86) 3 (43) 6(86) 7(100) 5(71) 7 (100) 7 (100)
32-256 47 0.25-16 22 (47) 0(0) 0(0) 47 (100) 17(36) 47 (100) 47 (100)
OXA-244 + case® >512 6 0.5-2 2(33) 1(17) 4(67) 6(100) 6(100) 6(100) 6(100)
32-256 15 0.25-4 3(20) 0(0) 1(7) 15(100) 13(87) 12(80) 13 (87)
OXA-244 + ESBL =512 1 1 0(0) 0(0) 1(100) 1(100) 1(100) 1(100) 1(100)
+ case” 64 2 0.5 0 (0) 0(0) 0(0) 2(100) o0(0) 2 (100) 2 (100)
total 97 43 (44) 5(5) 13(13) 96(99) 51(53) 5(77) 76 (78)
K. pneumoniae  OXA-244 + ESBL 512 1 0.25 1(100) 01(0) 1(100) 1(100) 1(100) 1(100) 1(100)
K. aerogenes OXA-244 + ESBL 64 1 0.5 1(100) 01(0) 0(0) 1(100) 1(100) 1(100) 1(100)
E. cloacae OXA-244 32 1 2 1(100) 01(0) 0(0) 1(100) 1(100) 0(0) 01(0)
C. freundii OXA-244 + case” 64 1 0.5 1(100) 01(0) 0(0) 1(100) 1(100) 1(100) 1(100)
Total 101 47 (47) 5(5) 14(14) 100(99) 55(54) 78(77) 79 (78)
K. pneumoniage  OXA-232 + ESBL =512 20 2-128 18(90) 19(95) 17(85) 20(100) 20(100) 20(100) 20(100)
256 2 16-32 1(50) 2(100) 1(50) 2(100) 2(100) 2(100) 2 (100)
C. freundii OXA-232 + ESBL >512 2 2-32 2 (100) 2(100) 1(50) 2(100) 2(100) 2(100) 2 (100)
256 3 1-16 3(100) 1(33) 0(0) 3(100) 3(100) 3(100) 3(100)
E. coli OXA-232 + ESBL =512 2 2-4 2(100)  1(50) 2 (100) 2(100) 2(100) 2(100) 2 (100)
K. aerogenes OXA-232 + case® 128 1 1 1(100) 01(0) 0(0) 1(100) 1(100) 1(100) 1(100)
Total 30 27 (90) 25(83) 21(70) 30(100) 30(100) 30(100) 30(100)

Emeraud C. et al. J.

Antimicrob. Chemother. 2020

» Large variability in CPE agar to detect OXA-48-
producers

= Sensitivity:
= ChromID CARBA: 14%
= Brilliance CRE: 54%
= mSuperCARBA: 99%



Considerations/recommendations

» Always include a CRE specific agar when screening for CPE
colonisation! Do not rely only on an ESBL agar alone.

-> Combination of both CRE + ESBL agar

» Make sure that your CRE agar detects OXA-48-producers including
OXA-244

-> Singel CRE agar or CRE agar + OXA-48 specific agar



Challenge: Phenotypic testing
with CDT



Phenotypic testing with CDT in the flowchart

Algorithm for detection of carbapenemases

Karcpensm <28 mm | or MIC

=0.125 mg/L) im sl
Enterobacterales’

Exceptions:
- Enterobscler spp. ind. K. ssrogenes: meropenem 25-27 mm ANMD
piperacillintazobactam 2 12 mm no further testing’

= Other species: meropanem 25-27 mm AMD piperacilin-tazcbaktam
EECI mim: no further tesfing®
1
Direct ctaction Diirect detection using Fhenatypical
using NAATI i colorimetric! Detaction using
lateral flow test* biochemical test disk diffusion
1 1
. Synergy with .
ST | | e | | SRR || eser
AND cloxacilin pece
(in rare casas AmpC (chromo- - .
y . Metallo-beta- Temaocilin R*: -
T llin 5%
other class A ) somal ar !ESEILu_l ‘ lactamase (MBL) OHAdE ‘ ernocillin
carbapenemases) plus porin loss
v

Verify with additional test. e.g. NAATIsteral flow or whole genome s=quencing

' For lzboratories wsing disk diffusion there is no added value in determining meropenam MIC regarding carbapanemase detection.

2 MAAT (nucleic acid amplification test e.g. PCR, LAMP)ateral flow test should include the most common carbapenemases (00A-48, NOM, WVIM and EPC). If the test is negative,
but the isclate is still suspected to be carbapenemase producing (2.9, due to lsboratory or epidemiclogical reesons), consider addiional testing for rarer carbapenemases (=.g. IMP,
Ik, GES) or whole genome saquencing.

2 In rare cases highly resistant isclates with no synergy may harbor more than one cerbepenemsass.
* High bevels of resistance o temocillin (=128 mg'L, zone <12 mm). may indicate 0XA-48. Follow the manufacturers instructions for temocillin interpretation if a commercial

phenotypical test is used.

* Some new COXA-428 variants (e.g. CFA-244) do not cause resistance fo temocillin. A phenotypical test using disc diffusion is not available fo detect these variants and susceptibility
to temocillin can not be used to rule cut carbapenamase production. All 0XA-48 variants isolates are howewver resistant to piperacillintazobactam and amocdcillin-ciavulanic acid..
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In this document we include nomenclature from 2009 for ESBL
with ESBLcarpa is used as an alternative nomenclature to carba

CCUGS58547
2022-08-31

Table 1: Overview of the most common acquired carbapenemases (ESBLCARBA) in Enterobacterales

Common species

INHIBITED BY

Enterobacterales

P. aeruginosa

Enterobacterales

Ambler Class A Ambler Class B Ambler Class C Ambler Class D
KPC OXA
Carbapenemase ) , MBL )
(Klebsiella pneumoniae - (Carbapenem-hydrolysing class D
group (Metallo-beta-lactamase)
carbapenemase) betalactamases)
KPC
Inactivates most beta- NDM
lactams including VIM A. OXA-48 group
carbapenems IMP No carbapenemases in Often only slightly reduced
Important . this Ambler class but susceptibility to carbapenems.
Inactivate most beta- ) ] )
carbapenemase(s) [IMI AmpC+ porin loss can Susceptible to cephalosporins.
g lactams except
within the group [Chromosomal onobactams cause reduced
and main features |carbapenemase in E. susceptibility to B. OXA-23, -24/-40, -58
cloacae, inactivates carbapenems Inaactivate most beta-lactams
Lo Rare: SPM . .
imipenem including carbapenems
Rare: GES, NMC, SME
Enterobacterales

A. Enterobacterales

(Rare species) (P. aeruginosa) AL . ) B. A. baumannii-group

(used in L .

: DIPICOLINIC ACID and|CLOXACILLIN and  |Inhibitor lacking
E;’fb”a°;§r‘1’;°rigse BORONIC ACID EDTA BORONIC ACID (Temocillinl)
tests)

MTemocillin >12 mm has been used as a phenotypical test to rule out OXA-48. Recently, new variants (e.g. OXA-244) have emerged which are not

resistant to temocillin. Temocillin S can no longer be used to rule out carbapenemase production.




CDT — Combined disc test

e Mastdiscs Combi Carba plus (MAST-CDT)

* Liofilchem KPC&MBL&OXA48 disc kit (LIO-CDT)

MAST-CDT

LIO-CDT

CCUGS58547
2022-08-31

LA

- Penem

m Qo0 @ = /

- Penem + MBL inhibitor

- Penem + KPC inhibitor

- Penem + AmpC inhibitor

- Temocillin + MBL inhibitor

MRP
MRPDP
MRPBO
MRPCX
a | Temo

Meropenem(MEM)
MEM-+dipikolin
MEM+ borsyra
MEM+ cloxacillin
Temocillin

Meropenem
Meropenem+EDTA

Meropenem+Phenylboronic acid

Meropenem+Cloxacillin

Temocillin
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Systematic Comparison of Three Commercially Available
Combination Disc Tests and the Zinc-Supplemented
Carbapenem Inactivation Method (zCIM) for Carbapenemase
Detection in Enterobacterales Isolates

Janko Sattler,>P< Anne Brunke,2t< (©) Axel Hamprechtab<d

Conclusions:
 ROSCO-CDT:
* C(Class B: NDM+++, IMP-
* C(Class A:KPC +++
* LIO-CDT/MAST-CDT:
e Class B: NDM/IMP+++
e Class A: KPC-
e All of them: false negative
when combination of MBL+
KPC




Conclusion and recommendations

* All CDT-test perform poorly if KPC+ MBL occur in the same isolate

* Know the weakness of your CDT-test and act on your knowledge

* E.g: for ROSCO a negative test but with a tendency toward synergy for dipicolinic acid (3 mm)
kan be an IMP

e Temocillin S can never be used to rule out all OXA-48

* In E. coli/K. pneumoniae with meropenem < 28 mm, use direct detection with NAAT/lateral
flow to rule out OXA-244.

* Today CDT cannot be recommended as a stand-alone test to rule out CPE/ESBL-
carba BUT perform well together with direct detection

e CDT can also be useful in detection of new carbapenemases
 We only find what we are looking for with direct detection!



Challenge: Direct detection with
NAAT/Lateral flow in all [abs?



Direct detection/verification of CPE

Meropenem <28 mm med lappe-
diffusion (eller MIC >0.125 mg/L)
hos alle Enterobacterales’

Unntak:
Enterobacter spp. og K. aerogenes: meropenem 25-27 mm OG
piperacillin-tazobaktam = 12 mm: ingen videre testing?
Andre species: meropenem 25-27 mm OG
@peracul\in-lazobakmm = 20 mm: ingen videre testing'

Fenotypisk pavisning
med lappediffusjon

med NAAT/ kolorimetrisk/

Direktepavisning ‘ Direktepavisning med ‘
biokjemisk test

lateral flow test?

Synergi kun med
borsyre

Synergi kun med

borsyre OG dipikolinsyre

kloxacillin

I I ——

Ingen synergi®

Synergi med J

KPC (sjelden: AmpC (kromo- N . Tl B4-
andre klasse A W somal eller ESBLy) |ax:::gebfl\;aBL) Tergc)‘(c:y:ap{ ’ Temocillin S8
karbapenemaser) samt porintap
I [ I [
¥ ¥ v ¥
[ Verifiser med supplerende test f.eks. NAAT/lateral flow alternativt helgenomsekvensering J

" For laboratorier som resistensbestemmer meropenem med lappediffusion tilferer det ingenting til karbapenemaseutredningen a gjere MIC-bestemmelse.

2 NAAT (nukleinsyre amplifiserende teknologi, f.eks. PCR, LAMP)/lateral flow test bar inkludere de epidemiologisk mest vanlige karbapenemasene (OXA-48, NDM, VIM og KPC). Dersom testen er negativ,

men fortsatt mistanke om karbapenemaseproduksjon (f.eks. av laboratoriearsak eller epidemiologiske grunner), vurder supplerende test mip. sjeldne karbapenemaser (f.eks. IMP, IMI, GES) eller
helgenomsekvensering.

* | sjeldne tilfeller kan heygradig resistente isolater med ingen synergi ha kombinasjoner av ulike karbapenemaser.

b Haygradig temocillinresistens (=128 mg/L, sonediameter <12 mm) er en fenotypisk indikator pa4 OXA-48. OXA-48 produserende isolater er ogsa resistente mot piperacillin-tazobaktam og amoksicillin-
klavulansyre. Falg produsentens anbefalinger ved bruk av kommersielle metoder for tolkning av temocillin.

 Noen OXA-48 varianter (f.eks. OXA-244) gir ikke haygradig temocillinresistens. Fenotypisk test med lappediffusjon for pavisning av disse mangler, og temocillin falsomhet kan ikke bli brukt for & utelukke
karbapenemaseproduksjon. Alle OXA-48, uansett variant, er resistente mot piperacillin-tazobaktam og amoksicillin-klavulansyre.

Is there available commercial tests
suitable for all laboratories to perform
direct detection/verification of CPE?



Two reasons for direct detection/verification

» Epidemiology dominated by the «four » A wide range of commercial methods
big ones» - NDM, OXA-48, KPC, VIM are available
L -
win= Sty

Commercial assays for the detection of
acquired carbapenemases
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2022 UKHSA Commercial assays detection carbapenemases.pdf
OXA-48, NDM, VIM or KPC : . : : .
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Which method to choose?

* Coverage of carbapenemase genes — NDM, OXA-48, KPC, VIM + ...
* Throughput/turn-around time
* Cost

e Local workflow
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Commercial assays for the detection of
acquired carbapenemases

» NAATs integrated workflow — proprietary platform required

Assay Assay coverage® Additional Workflow Cost per Eaquipment
equipment isolate* cost*
required

eazyplex® Superbug complete Alcomplete XPERT® CARBAR

Blcomplete GICRE Cepheid Swab/colonies in
Amplex
Heating block, sample reagent,

Sarnple in buffer,
KPC, OXA-48-like, centrifu " . transfer of sample
3 - ge heating 2 minutesat | oo P KPC, OXA-48-like,
é = NDM, VIM (for processing | 99°C, processing in NDM. VIM. IMP-1-ike | None reagent to cartridge, | . ere
blood cultures) | the GENIE® ' : processing of
cartridge in

GeneXpert®

» NAATs — PCR kits required and compatible PCR platforms

Table 2. NAATs — PCR kits required and PCR platforms g Journal of Antimi Agents 47120 !
Assay Assay [+ Cost per Equipment Contents lists available at ScienceDirect
platforms. isolate™ cost™

International Journal of Antimicrobial Agents
AID carbapenemase

AlDGmbl KPC, OXA-48.like, Any cycler platforms | sample, PCR, ££ N/A journal homepage: http
NDM, VIM, IMP
reverse hybridisation

Alternatively: in-house PCRs S

DNA extraction from

er.com/locate/ijantimicag

Bkt CFxss, DNA extraction from Multicentre evaluation of a real-time PCR assay to detect genes ()
KPC, OXA-48-ike, | RotorGene Q, ABI ’;:::;;‘:::1 ;L‘;;’e e NA encoding clinically relevant carbapenemases in cultured bacteria
NDM, VIM, IMP f
g:i‘:rsau;: & culture, PCR using 2 Matthew J. Ellington*", Jacqueline Findlay®, Katie L. Hopkins®, Daniéle Meunier?,

mastermixes a c , —— E e suivers
Fluorocycler XT Adela Alvarez-Buylla®, Carolyne Horner", Ashley McEwan®, Malcolm Guiver®,

Li-Xu McCrae®, Neil Woodford®, Peter Hawkey

» Immunochromatographic lateral flow assays

Table 5. List of inmunochromatographic assays

Assay Assay Additional Workflow Cost | Equipment NG—‘ES(@ Carba -5
coverage* |equipment required per cost™* A
tost™* NG-Biotech
O.KN.V.I. RESIST-5 _ L .
Coris BioConcent s :;ﬁ; OXA Colonies in lysis buffer,
| -like, K . .
KPC, OXA- Colonies in lysis buffer, Vortex suspensions added in the strips £F N/A
~ 48-like, " . £ NDM, VIM,
Vortex suspensions added in the strips, 2 strips required £ N/A t !
*] NDM, VIM, " IMP
IMP (KPC/OXA-48-like/NDM and VIM/IMP). |
1 b
- rd

| Sy
i L J)




Evaluation of the different methods

Table 3. Performance of NAATs integrated workflow — proj

prietary platform required

Assay Assay Throughput Hands on | Sample to | Sample types | Performance characteristics
coverage* per run time per results# validated by | (sample types tested)
sample manufacturer
eazyplex® Superbug From manufacturer:
complete A/complete ) ,
B/CRE Sens 100% Spec 99.4% (c)®
Amplex From published data:
KPC, OXA-48- |8to12 15t0 20 1y
like, NDM, VIM samples 2minutes | inutes ¢, liquid swab, | (21 Sens 95.7% Spec 100% (c)
' ! u, be (9] Sens 100% Spec 100% (c)
(10) Sens 100% Spec 100% (c)
(10) Sens 100% Spec 59% (cs)
ESBL 16-well From manufacturer:
CRE 16-well Sens 98 to 100% Spec 99.5 1o 100%
CRE EU 16-well (e
AusDiagnostics KPC, OXA-48- Less than
like, NDM, 24 samples 5 minutes c From published data:
4 hours
VIM, IMP

(11) Sens 100% Spec 100% (c)
(12) Sens 100% Spec 99.4% (rs -
requires prior DNA extraction)

Table 4. Performance of NAATs — PCR kits and compatible PCR platforms

UK Health
Security
Agency

Commercial assays for the detection of
acquired carbapenemases

differentiated by
the assay)

Assay Assay coverage* | Throughput Hands on Sample |Sampletypes | Performance
per run time per to validated by characteristics (sample
sample results# | manufacturer | types tested)
AID carbapenemase KPC, OXA-48-like, | Depending on From published data:
AIDGmbH ’ S 3 hours 4 hours |bc,u (38)
NDM, VIM, IMP | the platform : % Sens 100% Spec 100%
CARBAPLEX® From published data:
Bruker KPC, OXA-48-like, | Dependingon | o . :_l-.easnS 3 Jers (39) sp 96.2% Spec 90%
== NDM, VIM, IMP | the platform ; L23) Sens 90.2% Spec S
hours (rs)
Check-Direct CPE
Check-Points From manufacturer:
- Sens 100% Spec 100% (c)®
From published data:
(8] Sens 100% Spec 100%
KPC, OXA-48-like, ig)‘ o obe 5
VIMNDM (VIM (40) Sens 100% Spec 94%
andNDM are not |Upto 96tests | 5 minutes 2hours | c,rs, prs e SRS pec 947

(rs)

(41) Sens 100% Spec 100%
(c.rs)

(42) Sens 100% Spec 88%
(rs)

(43) Sens 100% Spec 100%
(c)




Immunochromatographic lateral flow assays

Principle

" Strip structure Immunological detection Results
oa = ¥ The control line appears: the test is correct

wv) Immobilized
B o =, e S e e e
polr™ o g ¥ No test line appears: negative tost for any target
% 2 & 2N l T  No control line: Invalid result
s ¢ 8 : £57,
E ~ Sample C pad

pad pad

Boutal H. et al. Diagnostics. 2022

NG-Test CARBA 5 O.K.N.V.I. RESIST-5

IDENTIFICATION PROCESS FROM BACTERIAL CULTURE OR DIRECT BLOOD CULTURE

S o KPC
X T [>® OXA-48-like

e 4
*Validated on: TSA, Mueller Hinton, ChromiD® CARBA SMART, Drigalski (DRIG) CHROMagar™ mSuperCARBA™...etc

Procedure

-

Alternative samples:
S-1001, RESIST-BC
S-1002, ReSCape

Vortex the preparation i

to homogenize 100 pL

?
(e @S] 5w
. %
¢“—‘15'~‘@)

® ®

Operating procedure from bacterial culture N D M

VIM
IMP

3x

1 100 | $100u

§ . § . ©O) ©)
For professional in vitro diagnostic use only

Results



Performance

Table 6. Performance of immunochromatographic assays

Assay Assay coverage* | Throughput Hands ontime |Sampleto |Sample types Sensitivity/specificity Sensitivity/specificity
per cartridge per sample results# validated by .
——— (manufacturer) (published data)
O.K.NWVI.
eSS TS 100%/100% (c) 93.8-98.4%/93.3-100% (c)
Coris .
BioConcept Less than 5 20 minutes
) to less than
minutes to 30 4 hours
KPC, OXA-48-like, 1 sample minutes dependin c be rs
NDM, VIM, IMP P depending of pending | ¢, be,
of sample
sample types to t to be
be tested ypes
tested
NG-test®
Carba-5
NG-Biotech Loss than & 20 minutes 100%/100% (c) 96.3-100%/95.3-100% (c)
minutes to 20 L:igl?tes
KPC, OXA-48-like, minutes _ 100%100% (bc) 90-100%/100% (bc)
1 sample , depending c, be
NDM, VIM, IMP depending of of sample
sample types to .
e e tpes (0 be 94.1%/100% (urine)

92.3%/100% (rs)

c: baterial colonies; bc: blood culture; u: urine; rs: rectal swab
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Limitations

* Antibody affinity and specificity
* Diversity within carbapenemase families -> not all variants detected
* Mutations in the epitope

* Distinguish between carbapenemase & non-carbapenemase variants?
* OXA-48 vs. OXA-163?
e KPC carbapenemases vs. KPC non-carbapenemases (ceftazidime-avibactam resistant)?

* Do not detect rare carbapenemases (IMI, GES, FRI, SME, etc)

~156 KPC-variants

~82 VIM-variants

~55 NDM-variants

~99 IMP-variants
~“many OXA-48 variants



Conclusion

» Commercial tests are available for detection of the most prevalent carbapenemases
-> possiblity for rapid local clarification with respect to infection control

Meropenem <28 mm med lappe- 4 Unntak:

diffusion (eller MIC >0.125 mg/L) Enterobacter og K. aerogenes: meropenem 25-27 m
hos alle Enterobacterales’ ; ftio S o8 = ool 22 25; moe
piperacillin-tazobaktam 2 12 mm: ingen videre testing
Andre species: meropenem 25-27 mm OG
e‘peracillin-lazobaktam 2 20 mm: ingen videre testing’

Direktepavisning Direktepavisning med X e
med NAAT/ kolorimetrisk/ F;rmptsk P%:;:g
lateral flow test? biokjemisk test appediffus)

| |

. Synergi med .
Synergi kun med Synergi kun med ;
[ borsyre ] [ i ] [ dipikolinsyre Ingen synerg?®

N
KPC (sjelden: AmpC (kromo- 3 i
andre klasse A somal eller ESBL,,) I akht‘ae::;b(eb}laau Tergr;(c:l_:‘;laR * Temocillin S$
karbapenemaser) samt porintap

S 4 } ; —

[ Verifiser med supplerende test f.eks. NAAT/lateral flow alternativt helgenomsekvensering ]

' For laboratorier som resistensbestemmer meropenem med lappediffusion tilfarer det ingenting til karbapenemaseutredningen 4 gjere MIC-bestemmelse.

2 NAAT (nukleinsyre amplifiserende teknologi, f.eks. PCR, LAMP)/lateral flow test bar inkludere de epidemiologisk mest vanlige karbapenemasene (OXA-48, NDM, VIM og KPC). Dersom testen er negativ,
men fortsatt mistanke om karbapenemaseproduksijon (f.eks. av laboratoriearsak eller epidemiologiske grunner), vurder supplerende test mtp. sjeldne karbapenemaser (f.eks. IMP, IMI, GES) eller
helgenomsekvensering.

* 1 sjeldne tilfeller kan hoygradig resistente isolater med ingen synergi ha kombinasjoner av ulike karbapenemaser.

* Hoygradig temocillinresistens (>128 mg/L, sonediameter <12 mm) er en fenotypisk indikator pa OXA-48. OXA-48 produserende isolater er ogsa resistente mot piperacillin-tazobaktam og amoksicillin-
klavulansyre. Folg produsentens anbefalinger ved bruk av kommersielle metoder for tolkning av temocillin.

* Noen OXA-48 varianter (f.eks. OXA-244) gir ikke hoygradig temocillinresistens. Fenotypisk test med lappediffusjon for pavisning av disse mangler, og temocillin falsomhet kan ikke bli brukt for & utelukke
karbapenemaseproduksjon. Alle OXA-48, uansett variant, er resistente mot piperacillin-tazobaktam og amoksicillin-klavulansyre.



Main conclusions/recommendations

* Revised exception in flowchart reduces workload — risk of missing CPE limited.

Temocillin as indicator for OXA-48 is unreliable

* CDT:
e Cannot be used as a standalone test -> verification required.
* Challenges with IMP and double carbapenemase-producers

e Screening agar -> always include CRE specific agar(s) that also detect OXA-48
producers

Commercial tests (e.g. NAATs/lateral-flow) is now available for all labs



