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» The NordicAST algorithm

» Challenges - The meropenem screening breakpoint
= OXA-48-like
" Enterobacter
= Proteus mirabilis & OXA-23/-58

» Challenges - Confirmation of carbapenemase-production

= 0OXA-244 & temocillin
= Biochemical/colorimetric tests
=  NAAT/lateral-flow



Screening criteria

The NordicAST CPE algorithm

w all Enfersbacioraias!

Meropenam <28 mm with disc-
diffuzion (or MIC >0.125 mg'lL)
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Confirmation

Excephion

meropanam 2527 mm AND

pperacilin-tazobaktam x 20 mm
no fther testing"
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Warnify with addtional test, a.g. HAATAateral flow or whole genome sequencing

| |/

TFor laboralones using disk difusion there is no added value in determiming memnpenem MIC regasding carbapenemase defection

* NAAT (nucleic acikd amplfication test, a.g. PCR, LAMPMateral flow test should include the most common carbapenamases (QNA-4E, NDM, VIM and
KPC). i the test iz negatre, but the isolate 15 stll suspected 1o be carbapenemase producing (e.g. due to laboratory of epedermmdlogcal réasons), consider
additional testing for rarer carbapenemases (e.g. IMP, IMI, GES) or whole genome segquencing

YIn rare cases hughly resistant isolates with no &

mary harbor more than one carbapenemase

4 High levels of resistance to temocillin (>128 mg/lL, zone <12 mm) may ndcate OXA-LE. ONALE producing isolates are also resistant to peperacillin-
tazobactam and amoxiclisn-Clinvulanic acsd
! Some new OXA-48 varants (e.g. ONA-244) do not cause resistance to temocillin. A phenotypical test using disc diffusion is nol available 1o detect these
vanarts and suscpitibality 10 1emacilin can not be used 1o ruls oul carbapenemase producticn



Meropenem screening cut-off disc diffusion

Distribution of meropenem zone diameters (mm)

MEM MIC Ri{<=16mm) I S (=22 rmm); screening breakpoint < 27 mm
Corbapenemases Isolate no. Species (ma/ly 6 786 10 111213 14 15 16 17 18 19 20 21 22 23 24 25 26|27 28 29 30 31 32 33 34
Class A (serine) (n=4) -
KPC (n =3} & K. pneumoniae 1 1 1121 5 6 1 1 |
19 E. cloacae complex =16 57°1
28 E. cloacae complex 8 7 4 3 2 4 4 14" 12 l
IMI{n=1) 3 E. cloacae complex 1 12 2 1 34 2 1 1 72 1 |
Closs B (MBL) (n = 9) |
NDM (n = 5) 2 K. pneumoniae >»16 5791 I
5 K. pneumoniae =16 9 4316166 2 2
8 P. mirabilis 0.25 1 12 6 9 41 1]
9 E. coli 2 911 2133 5 8
11 Citrobacter sp. & 3 11 26 6 4107 2 I
VIM (n = 3) 7 E. coli 1 301 1 1 I
27 K. pneumoniae 2 1 305 72 2
29 K. pneumoniae =16 53914 |
IMP(n=1) 24 E. coli 1 1 1 6 2 2 I
Class D (OXA-48-like) (n=6) ] K. variicola® 0.5 9 11 19 9 4 |
10 K. variicola 0.5 1 1013% 13 9 3
25 K. variicola 0.5 6 1311°12 5 21 2
1 K. pneumoniae 2 3 2 2 2 2 |
14 K. pneumoniae 0.5 7 1215 9 8 3
17 E.coli 1 1 1518° 8 22 |
23 E. coli 0.5 6 818" 13 5 1
26 K. pneumoniae p) 11 12915 & 2 1 l

Haldorsen B. et al. J. Antimicrob. Chemother. 2018



Meropenem screening cut-off MIC (>0.125 mg/L)

Table 52. Observed distribution of meropenem (MEM) MICs using broth micro dilution (n=2) or gradient tests (n=58) according to the recommended
screening breakpoint (bp) and breakpoints for clinical categorization (S-I-R)

Observed MEM MIC (mg/L)

Isolate MEM Screeningsbp > 0,12 S<2 [ R>8
MIC (mg/L) 0.032 0.064 0.125 0.25 0.5 1 2 4 ) 16 232
Class A (Serine)
KPC (n=3) 4 K. pneumoniae 1 8 26* 9 5 B B
19 E. cloacae =16 &0*
28 E. cloacae a 1 3 7 13 B 30*
IMI (n=1) 3 E. cloacae 1 2 1 8 7 4 7 9* 22
Class B (MBL)
NDM (n=5) 2 K. pneumoniae =16 B60*
5 K. pneumoniae 216 4 17 39*
8 P. mirabilis 0.25 4 23 16* g ] 3 1
9 E. coli 2 4 10 13 4* 7 22
11 Citrobacter sp. 4 1 4 7 13 11* 7 15
VIM (n=3) 7 E. coli 1 6 22 14* 4 7 3 4
27 K. pneumoniae 2 10 12 15* 15 4 2 2
29 K. pneumoniae =16 1 59*
IMP (n=1) 24 E. coli 1 17 13 12* 5] 3 2 7
Class D (OXA-48)
in=6) 6 K. variicola’ 0.5 ) 14 6 g* 18 3 1 1
10 K. variicola 0.5 ] 20 7* 10 12 1
25 K. variicola 0.5 3 14 13 17+ g 3 1 1
1 K. pneumoniae 2 13 13 15* 11 2 1 5
14 K. pneumoniae 0.5 ] 15 13* 11 g 3 1 2
17 E. coli 1 1 11 29* 13 6
23 E. coli 0.5 3 22 19* 11 5
26 K. pneumoniae 2 26 15* 9 ] 3 1 1

Haldorsen B. et al. J. Antimicrob. Chemother. 2018



Meropenem screening cut-off MIC (>0.125 mg/L)

1 =
10 E. coli & 1 P. mirabilis .
OXA-48 (n=3) ; I
OXA-181 (n=2)
OXA-244 (n=6) =
I I I
0.06 0. 12 0.25 0.5 1 2 4 8 16 >16

1For laboratories using disc dlffusmn there is no added value in determining meropenem MIC regarding carbapenemase detection

Ljungquist O. et al. Unpublished data



Challenge — specificity of screening cut-off?

'y
Maropenam <58 mim wilh disc

dilusion (or MIC >0.125 mg'l)
" Meropenem / Enterobacter cloacae

mn all Enfersbacieraies’ !-" Exception
International zone diameter distribution - Reference database 2022-05-08
EUCAST disk diffusion method

- | maropangm 2527 mm AND
|  piperacilin-tazobaktam @ 20 mm
\ no further testing" y
Distributions include collated data from multiple sources, geographical areas and time periods and can never be used to infer rates of resistance

Based on aggregated distributions

= 1 1
£ 1 1
=
_g 20 | |
: 14.6%25-27mm, |
o I
2019-2021: 2 | '
» 284 E. cloacae ->\177 (62%) meropenem 25-27 mm} E 10 :
5
f g |
All carbapenemase negative E |
° ; 7 891011 1-2131415161?181920;22232425262?28293031 323334353637 38394041 424344454647484950
* 14 carbapenemase positive Enterobacter Zone diameter (mm)
> A” meropenem S 24 mm E;:?E:%?é?ggt;ga?cut—off{ECOFF]: 25 mm Confidence interval: -

Wildtype (WT) organisms: = 25 mm 913 observations (10 data sources)



Enterobacter — NordicAST vs. K-res
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g nordlcgf—l_ Nordic Committee on Antimicrobial Susceptibility Testing for pé\:"lﬁﬂll’lg av antibiotikaresistens %""EHNW
Meropenem <28 mm with disc- Prioriterte analyser ved K-res 2022
difusion (or MIC >0.125 mg'l)

m all Enferobacherales’ Excepbion
marapenem 25-27 mm AND Formelle referanseundersgkelser
paperacillin-tazobakiam 2 20 mm

ni further 1esting®

1. Gram-negative bakterier med mistanke om karbapenemase-produksjon

Enterobacterales? Kriterier: meropenem MIC >0,125 mg/L OG/ELLER sonediameter <28mm.
Unntak:

1) Isolater med meropenem sonediameter pd 25-27 mm OG piperacillin-
tazobaktam= S (sonediameter 220 mm/MIC = 8 mg/L).

"2) Enterobacter species og Klebsiella aerogenes med meropenem
sonediameter 25-27 mm, med mindre det foreligger spesifikk mistanke
om karbapenemase-produksjon p.g.a. laboratoriedrsak (f.eks. ledsagende
ko-resistens mot 22 ikke-B-laktamer herunder aminoglykosider,
ciprofloxacin og trimethoprim-sulfamethoxazol og/eller fenotypisk test
som indikerer karbapenemase-produksjon) eller epidemiologiske grunner
\| (mistanke om import eller kobling til utbrudd).

-

- |



P. mirabilis & OXA-23, OXA-24/-40, OXA-58

: - Serine B-lactamases
* P. mirabilis: —

osr

— No intrinsic B-lactamase

— Suceptible to B-lactams except imipenem

A Nl Y
Class D
ESBLcarpa-p

!

CHDLs:
OXA-48-like } Enterobacterales
OXA-23-like

OXA-24/-40-like
OXA-58-like
OXA-143-like |

_ A. baumannii




Emergence of OXA-23, OXA-24/-40 & OXA-58 in P. mirabilis
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Figure 1. Geographic distribution of the 24 OXA-23- or OXA-58-producing P. mirabilis isolates. Bolded
isolates correspond to animal isolates, while OXA-58-producing isolates were boxed.
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Clonal (& plasmid sprea
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Detection OXA-23, -24/40, & -58 P. mirabilis

Isolates AMX | AMC | TEM | CAZ ERT IPM
1091 R R R S S S
CNR20130297 R R S S S S TABLE 1 Susceptibility test results for the OXA-23-positive F. mirabilis ESBL4969 isolate
sS4 R R S S S S Disk assay MIC"
Cow-15-39117 R R S S S S Compound Content (pg) Dviam (mm) Interpretation mg/liter Interpretation
Dog-06-37660 R R S S S S Meropenem 10 26 5. close to EUCAST screening breakpoint” 2 5, outside ECOFF"
Dog-35-37761 R R S S S S Ertapenem 10 25 5, close to breakpoint

Imipenem 10 26 No MBL?
L100 R R S S 5 5 Imipenem/EDTA 104750 26 No MBL
L92 R R S S S S Cefoxitin 30 25 5
CNR20160679 R R S S S S :E'-'?-‘:-‘j“_“-‘ ;g i"i 5 =1 5

Zefalexin 5 5

CNR20160877 R R S 5 S S Ceftazidime 30 (diagnostic) 30 5, no ESBL =1 5
CNR20160617 R R S S S S Ceftaridime-clavulanic acid 30/10 30 5, no ESBL
GUI| R R S S S S Cefotaxime 30 (diagnostic) 34 5, no ESBL

Cefotaxime-clavulanic acid 30010 i5 5. no ESBL
VAC R R S S ! ! Temaocillin 30 22 Mo OXA-48-like enzyme”
MOR R R S S 5 5 Piperacillin-tazobactam 30/6 21 5, close to ECOFF B 5, autside ECOFF
BCT11 R R S S S S Ciproflocacin =0.12 5
BCT17 R R 5 5 S S Fosfomycin =4 5

Gentamicin =16 R
130BS R R S S S S Amikacin & 5
160A10 R R S S S S Tobramycin 16 R
168F7 R R S S S S Trimethoprim-sulfamethoxazole =8 R

* Broth microdilution, Senstitre [ ThermoFisher).
172C2 R R S S S S ¥ EUCAST guidelines for detection of resistance mechanisms and specific resistances of dinical and/or epidemiological impartance. ¥ 1.0, 2013, httpd/fwww.encast.org/resistance
172)1 R R S S S S mechanisms). 5, sensitive.
175H8 R R S S S S © BCOFF, epidemiological cutoff, EUCAST. hitp:/fwww.eucastorg/mic_distributions_and_ecoffs/.

“ MEBL, metallo-f-lactamase.
188J6 R R S S S S
189B4 R R S S S S

Bonnin RA. et al. Sci. Rep. 2020; Osterblad M. et al. Antimicrob. Agents Chemother. 2016



Amoxicillin-clavulanic acid as screening marker

Uncomplicated

UTI General
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Biochemical tests (e.g. CarbaNP, B-CARBA)?



Screening criteria

The NordicAST CPE algorithm

w all Enfersbacioraias!

Meropenam <28 mm with disc-
diffuzion (or MIC >0.125 mg'lL)
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Confirmation
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Warnify with addtional test, a.g. HAATAateral flow or whole genome sequencing

| |/

TFor laboralones using disk difusion there is no added value in determiming memnpenem MIC regasding carbapenemase defection

* NAAT (nucleic acikd amplfication test, a.g. PCR, LAMPMateral flow test should include the most common carbapenamases (QNA-4E, NDM, VIM and
KPC). i the test iz negatre, but the isolate 15 stll suspected 1o be carbapenemase producing (e.g. due to laboratory of epedermmdlogcal réasons), consider
additional testing for rarer carbapenemases (e.g. IMP, IMI, GES) or whole genome segquencing

YIn rare cases hughly resistant isolates with no &

mary harbor more than one carbapenemase

4 High levels of resistance to temocillin (>128 mg/lL, zone <12 mm) may ndcate OXA-LE. ONALE producing isolates are also resistant to peperacillin-
tazobactam and amoxiclisn-Clinvulanic acsd
! Some new OXA-48 varants (e.g. ONA-244) do not cause resistance to temocillin. A phenotypical test using disc diffusion is nol available 1o detect these
vanarts and suscpitibality 10 1emacilin can not be used 1o ruls oul carbapenemase producticn



OXA-436

OXA-244

OXA-566
OXA-519

OXA-505 .
OXA-370 RAPID RISK ASSESSMI

OXA-245 A 2 1 4 G I . f OX A 4 8 Increase in OXA-244-producing Escherich
OXA-204 - in the European Union/European Economic A
OXA-232 rg y Va r I a n t O and the UK since 2013 - first update
4E OXA-181 20 July 2021

OXA-484
OXA-439
OXA-163 ; . .
OXA-247 Figure 2. Number of OXA-244-producing £. co// ST38 isolates per year, EU/EEA and the UK, 2013—-
OXA-405 2020 (n=348)*
OXA-517

OXA-567 140
OXA-438

FIG 1 UPGMA (unweighted pair group method using average linkages) phylogenetic tree of OXA-48- 120 ® Austria ®m Denmark
producing Enterobacterales using amino acid alignments. The tree calculation was performed with the
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OXA-244 -> reduced activity against temocillin

usang HAAT/

Threct detection
lateral Bow test!

|

cobonmetnc’ Dwetection using

Dhwact detection using Phenatypical
biochamical test sk diffusson

\

| |
Synergy with :
bororic e & boronc acid o s o sy’
I acid only AND claxacillin pieobn

[(PCl;m faie IEEEEJ [Arnpc {cheoma- ] [ Metallo-beta-
&

Temocillin B
oiher class A omal or ESBLy) Temociln 5% 1
carbapenemases) plus porin koss lactamase (MBL) rag 1

{

Verify with adddtional test, e.g. NAATAateral flow or whaole genome sequencing

"For laboratones using disk diffusion there is no added value in determining meropenem MIC regasding carbapenemase delection

THAAT (nucleic acid amplification test, e.g. PCR, LAMPWateral fow tést should include the most common carbapenemases (QOXA-48, NDM, VIM and
KPC). I the test is negative, but the isolate is still suspected to be carbapenemase producing (e.g. due to laboratory or epiderniological reasons), consider
addiional 1esting for rarer carbapenemases (e.g. IMP. IMI, GES) or whole genome sequencing

Ul rare cases highly resistant molates with no synergy may harbar more than one carbapenemass

* Some new OXA-AB variants (e.g. OXNA-284) do not cause resistance to temocillin. A phenotypical 1251 using disc diffusion is not available to datect the
vanants and suscpatibiity o temociln ¢an not be used to rie out carbapenemase production

4 High levels of resistance to temocillin (>128 mgl, zone <12 mm) may ndicate OXA-8 OXAIE producing isolates are also resistant to peperacillin-
tazobactam and amoxiclin-clinulanic acud
2]

> Broth microdilution temocillin MIC:

17/17 isolates MIC <256 mg/L (32-128 mg/L)

» ROSCO KPC, MBL, OXA-48-kit:

9/17 isolates temocillin zone diameter 212 mm

4High levels of resistance to temocillin
(>128 mg/L, zone <12 mm) may indicate OXA-48.

>Some new OXA-48 variants (e.g. OXA-244) do not
cause resistance to temocillin. A phenotypical test
using disc diffusion is not available to detect these
variants and susceptibility to temocillin can not be
used to rule out carbapenemase production



NB: Discrepancy NordicAST vs. ROSCO kit

: nordiC QIT Nordic Committee on Antimicrobial Susceptibility Testing

4High levels of resistance to temocillin
(>128 mg/L, zone <12 mm) may indicate OXA-48.

ROSCO

Enterobacteriaceae
Meropenem+ Meropenem + Meropenem + Temocillin 30 pg
Phenylboronic DPA Cloxacillin
MRPBO MRPDP MRPCX
) . Meropenem 10 pg =4 mm =3 mm =5mm =14 mm
+
AmpC + porin loss MRP10 and
ESBL + Meropenem 10 pg =3 mm =3 mm =3 mm =14 mm
porin loss (a) MRP10
Meropenem 10 pg =4 mm =3 mm =3 mm .
MRP10 Variable
KPC Me +
eroper?e.m =4 mm
Cloxacillin - - -
(MRPCX)
MBL Meropenem 10 pg =4 mm =5mm =3 mm .
MRP10 Variable
OXA-48 and similars Meropenem 10 pg =3 mm =3 mm =3 mm <=14 mm
MRP10
OXA-48 + ESBL (a) Meml;i;;;% 10 pg =3 mm =3 mm =3 mm <=14 mm




OXA-244 screening agar & VITEK

Journal of

J Antimicrob Chemother 2020; 75: 2120-2123 AntimicrObiql > S e n S it iV i ty :
doi:10.1093/jac/dkaal55 Advémcé Access publication 3 May 2020 Chemother(]py . .
=  ChromID CARBA SMART (bioMerieux): 14%
) i f OXA-244 prod , a difficult-to-detect and i ITH . .
creening © D OXA a8 varianty e emerding = Brilliance CRE (Thermo Fisher): 54%
Cecile Emeraud™™, Lau'{:r:;elz\.nglr):‘lif‘h‘imnsgi;lri‘zhz;:l,‘l:\egnr;é;oBr.tict)Esleii"‘, Thierry Naas ® '™, [ ] m S u p e rCA R BA ( C H R O M a ga r) : 9 9 %

» 0OXA-244 often in combination with ESBL (CTX-M-27 or CTX-M-14):
7 -> 77-78% of isolates grows on ESBL screening agar (Brilliance ESBL, ChromID BLSE)

» VITEK2 (AST N384) meropenem:

= 11/17 isolates meropenem <0,25 mg/L
=  Only 6 isolates interpreted as «carbapenmase»

Emeraud C. et al. J. Antimicrob. Chemother. 2020; K-res unpublished data



Metopenem <28 mm with disc-
diffusion (or MIC >0.125 mgL)

m all Enferobacleraies’ Ir Exception
maropenem 2527 mm AND
L puperacilin-tazcbakiam & 20 mm
no farther testing"
Dwect detection using Phenatypical
using NAAT/ cobonmetnic/ Detection using
! — — — !
Synergy with
Synargy with hlanmrlgn?.li:d [ Synergy with [ No synergy? ]
boronic acid onky dapicolinic aced
[ L AND cloxacillin ) ) v
SR I B — .
{in rare cases AmpC (chromo-
[Gﬁhh class A somal or ESBLy) [l ”I "':':;;E'q_} Twﬂm ] [Tulrru:rl:ﬁl 53 ]
carbapenemases) | | plus ponn loss | )
T F 3 w

Verfy with additional test, e.g. NAAT ateral flow or whaole genome sequencing

VFor laboratones using disk diffusion there is no added value n determimng meropenem MIC regarding carbapenemase detection
THAAT (nucleic ackd amplification test, e g PCR, LAMPMateral flow test should include the most common carbapenemases (OXA-LE, NDM, VIM and

KPC). I the test is negatne, but the igolate is stll suspected 19 be carbapenemase producing (.9, due to laboratedy of epdermclogical reasens), consider
addisonal testing for rarer carbapenemases (e.g. IMP, IMI, GES) or whole genome sequencing.
YIn rare cases hghly resistant isolates with no synergy may harbor mode than one carbapenemase
& High levels of resistance to temocillin (>128 mg/L. zone <12 mm) may jpdicate OXA-48. OXA-48 producing isolates are also resistant to piperacillin-

tazobactam and amoxicilln-Clavulanic acsd

* Some new OXA-48 variants (e.g. OXA-244) do not cause resistance to temocillin. A phenotypical test using disc difusion is not avalable 1o detect these
vanants and suscpebibality (o temocilln can not be wied o ride oul carbapenemase produchion



Biochemical/colorimetric tests

RAPIDEC Carba NP, Rapid BLUE CARB, Neo-Rapid CARB, GoldNano Carb...

b [ =] | | +acD
Flr? =~ g g 4 COOH

COOH

=
+ Red IS Velow

pH indicator

Carbapenem Inactivation Method (CIM)
mCIM, CIMPlus, sCIM, TCIM, CIMTris, CIMTrisll, rCIM, eCIM, ..

COOH

e Yellow INEEENNENEEN) Red

Chromogenic
substrate

N
0 >
. £
uspend full loop of 10ug ncubate for Place on Mueller Hinton agar IVI A L D I -TO F
B R\ R R R cteria in Hy meropenem disk hours 35°C inoculated with . coli ATCC 25022
| | o N +
4 p—— / D Carbapenemase activity
3 fs) COOH 2 Backen
e
I

No carbapenemase activity




Biochemical/colorimetric tests

Test Time to Result Ease Uf. Target Enzymes/ Sens. (%) Spec. (%) Tested on Clinical
Interpretation Genes Specimens
Carbapenem inactivation . o ) . L
method (CIM) 1824 h easy Classes A, B, D na n.a. bacterial colonies
mCIM 1824 h subjective Classes A, B, D 97 99 bacterial colonies
zCIM 18-24 easy Classes A, B, D 97.4-98 97.7-100 bacterial colonies
beCIM 1824 h easy Classes A, B, D 100 100 blood culture fluid
rapid carbapenemase
detection 56h easy Classes A, B, D 100 99 6 bacterial colonies
method (rfCDM)
Carba NP test 5-120 min subjective Classes A, B, D 97.9 100 spiked bh:de
cultures
becCarba NP test 5-120 min subjective Classes A, B, D 99 95.1 blood culture fluid
Neo-Rapid CARB Screen 15-120 min subjective Classes A, B, D 895 709 blood culture
(Rosco Diagnostica) fluid, urine
Neo-Rapid CARB from PBC 90~120 min subjective Classes A, B, D 99 0914 blood culture fluid
Rapidec carba NP test 5-120 min subjective Classes A, B, D 99 100 blood culture fluid
(bioMérieux)
B-CARBA test (Bio-Rad) 30 min subjective Classes A, B, D 64.9-849 90-95.6 bacterial colonies
B-CARBA test from PBC 30 min subjective Classes A, B, D 100 951 blood culture fluid
CARBA PAcE (MAST . . . .
GROUPg 10 min subjective Classes A, B, D 72 91 bacterial colonies
Blue Carba test 30-120 min subjective Classes A, B, D 100 100 bacterial cultures
Rapid Carb Blue kit (Rosco 15-60 min subjective Classes A, B, D 933 100 blood culture
Diagnostica) fluid, urine
CNPt-direct test 2h subjective Classes A, B, D 98 100 bacterial colonies
bacterial colonies,
Carba-H-assay 2h subjective Classes A, B, D na na spiked urine
samples
MALDI-TOF MS 45h complex Classes A, B, D 100 90 blood culture fluid
. mass shift of
M(]%"l;f]‘:; é%g‘i?ggg;;ﬂ 30~60 min moderate hydrolyzed 96-100 97-100 bacterial colonies
carbapenem
MBT STAR-Carba IVD Kit mass shift of
(Bruker 1h moderate hydrolyzed 100 100 blood culture fluid
DALTONICS) from PBC carbapenem

Noster J. et al. Antibiotics. 2021

* Sensitivity & specificity
— Variable between tests

— Variable between studies of the
same test

* False-negative:

— B-lactamases with low
carbapenemase activity (e.g.
OXA-48 variants, IMI/NMC-A,
GES-variants etc.)



Always verify a colorimetric/biochemical test

Meropenem <28 mm with disc-
diffusion (or MIC >0 125 mgll)

m all Enferobachernies’ Excephon
meropanem 2527 mm AND
pperacilin-tazobakiam 2 20 mm
no further lesting"

rect detection :
using NAAT/ J Direct detection using [ Phenotypical ]

colonmetric/ Letectson using
lateral fow test? bochamacal bast ohs i defisann
- “ b b
Synergy with
Syneigy with Ma&d Synergy with Mo synergy?
boronic acid only AND chaxacillin dipicolinic acad
L - . e e l
F: "y o : ™ ' ", I l "
PC (in rare cases AmpC (chromo-
cther class A somal o ESBLy) h;“:‘mﬂfﬂm’é_] Temocing® | | Temociin 5*
| carbapenemases) | | plus ponn loss ) )

Venfy with adddional test, e g NAATAateral flow or whole genome segquencing

| I [ |
[I ¥ ¥ T ¥ ¥ )




Meropenam <28 mm with disc-
dlusion (or MIC >0.125 mgiL)

m all Enferobacierales?

Exception:

maropenem 25-27 mm AND
paperacilin-tazobaktam 20 mm

no further testing!

echion Dwect detection using Phenatypical
using HAAT/ chonmetric/ Detection us
- I ) I )
Synergy with
Synergy with , Synergy with
) (B2 () (o |
o L " o 1
N | )
(in rare Cases AmpC {chromo- Metallo-beta- Temocillin B4
octher class A somal or ESBLy) ' Temocllin 5%
[(:::rhlp&mmr!]‘ | plus ponn loss [ Echntn (MEL) ) e
+ v ' v '

Venfy with adddional test, e g NAATAateral flow or whole genome sequencing

TFor laborstones using dsk difusion there is no added value n determining meropenam MIC regarding carbapenemase detection

"HAAT (nucleic ackd amplification test, e g PCR, LAMPMateral low test should include the most common carbapenemases (OXA-4E, HDM, VIM and
KPC). i the test is negative, but the isolate is stll suspected 1o be carbapenemase producing (¢.g. due to laboratory of epedermdlopcal reasons), congider
additsonal 1esting 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-4B producing isolates are also resistant to piperacillin-

tazobactam and amoxiclln-Clavulanic acsd

* Some new OXA-S variants (e.g. OXA-244) do not cause resistance to temocillin. A phenotypical test using disc diffusion is not available to detect these
vanants and suscpetibality totemociln can not be used to rule oul carbapenemase production



NAAT & Lateral-flow

eazyplex® Superbug complete A/complete
B/CRE

XPERT® CARBA-R

Amplex Cepheid

KPC, OXA-48-like, NDM,

KPC, OXA-48-like, NOM,
@ —I VIM, IMP-1-like
\/'/
CRE EU 16 well - CRE ELITe MGB® kit
AusDiagnostics ELITech
KPC, OXA-48-like,
NDM/VIMAME
KPC, OXA-48-like, NDM, (NDMVIWIMP not
VIM, IMP - differentiated by the assay)
Amplidiag®
BD MAX™ Check-Points CPO CarbeR.+ VRE
Mobidiag

KPC, OXA-48-like, NDM,

VIMIMP KPC, OXA-48-like, NDM,
(VIMAMP not differentiated VIM, IMP
by the assay)

CT102 or CT103 XL Array
Check-Points

KPC, OXA-48-like, NDM,
VIM, IMP

In-house methods

International Journal of Antimicrobial Agents 47 (2016] 151-154

Contents lists available at ScienceDiract

International Journal of Antimicrobial Agents

ELSEVIER

journal homepage: http://www.elsevier.com/locate/ijantimicag

Short Communication

Multicentre evaluation of a real-time PCR assay to detect genes
encoding clinically relevant carbapenemases in cultured bacteria
Matthew |. Ellington*-"*, Jacqueline Findlay“, Katie L. Hopkins*, Daniéle Meunier®,

Adela Alvarez-Buylla“, Carolyne Horner?, Ashley McEwan*®, Malcolm Guiver®,
Li-Xu McCrae®, Neil Woodford®, Peter Hawkey©

[ stool / Urine / Biological samples

Unyvero®
Curetis AG &o
Novodiag® : Public Health
CarbaR+ KPC, OXA-48-like, NDM, England
Mobidiag VIM, IMP ?
ABI 7500, BioRad )
CARBAPLEX® KPC,OXA4B-like, NDM, o CFX9C, —-— — Protecting and impraving the nation's hea
Bruk vin, e . I
H KPC, OXA-48-like, NDM e Quantstuio 5 T— [ —
— — VIM, IMP
> ABI 7500, ePlex® BCID-GN panel
KPC, OXA-48-like, VIM/NDM BioRad CFX96,
s Check-Direct CPE (VIMINDM are not RolorGene Q, GenMarkDx
/ Cheok-Painte differentiated by the assay)  LightCycler®
D zetem . KPC, OXA-48-like, NDM,  Commercial assays for the detection
AFiex™ Entero DR 552y VIM, IMP of acquired carbapenemases
Seegene Amplidiag® KPE. A4 e, NOM ABI 7500,
CarbaR + VRE or CarbaR+MCR o I'M'p" " BioRad CFX96,
KPC, OXA-48-like, NDM, Mobidiag o RotorGene Q
VIM, IMP
Verigene® Gram-negative blood
s culture test
EntericBio® CPE Scroen STRECK ARM-D® kit KPC, OXA-48-like, NDM, RotorGene Q, Nanosphere Luminex . . .
Streck VIM, IMP ABI QuantStudio htt -// t || h in rvi
Serosep -3 i . . .
AT KPC, OXA-48-like, NDM, ps://assets.publishing.servic

LightMix® Modular Carbapenemases
TibMolBiol/Roche

KPC, OXA-48-like, NDM,

KPC, OXA-48-like, NDM,
VIM, IMP VIM, IMP

LightCycler® ViM
480

e.gov.uk/government/uploads/s

AllPlex™ Entero-DR assay
Seegene

KPC, OXA-48-like, NDM,
VIM, IMP

s g

IDENTIFICATION PROCESS FROM BACTERIAL CULTURE OR DIRECT BLOOD CULTURE
Selective medium* 18-24H

‘ @ NG-Test CARBA 5

NG-Test blood culture Prep
10 mi

*Validated on: TSA, Mueller Hinton, ChromiD* CARBA SMART, Drigals!

DRIG) CHROMagar™ mSuperCARBA™...etc

Operating procedure from bacterial culture

1 1004

For professional in vitro diagnostic use only

BioRad CFX96

ystem/uploads/attachment dat
a/file/804995/Detection of car
bapenemase report.pdf

h—

(_‘
= :
7 li

D

e,
-

10 drops

Positive  Negative
Read

®

Irvalid



https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/804995/Detection_of_carbapenemase_report.pdf

Challenge with NAAT/lateral-flow

* Coverage of carbapenemases detected

— Generally lack coverage for minor carbapenemases:

* IMI/NMC-A, SME, GES-variants, FRI, BKC-1, GIM-1, KHM-1,
OXA-198, OXA-372, OXA-427....

* Diversity within carbapenemase families

— Do not detect all variants, e.g. bla,,,, variants

2NAAT/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 WGS

Tree scale: 0.1 ————

Pngchaikul P. et al. Antibiotics. 2022



Concluding remarks

Meropenem screening breakpoint will not detect all Enterobacterales
producing a carbapenemase

— OXA-48-like

— OXA-23/-58 in P. mirabilis
Specificity of meropenem screening breakpoint dependent on species
OXA-244 - a problematic carbapenemase

— Temocillin susceptible, lack of growth on some screening agars, difficult to detect on
automated systems

Biochemical/colorimetric tests
— Challenging with low-level carbapenemases

NAAT/lateral-flow

— «You only detect what you are looking for»



