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AMR DETECTOOL DEVICES
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AMR DetecTool tests

DetecTool of commercialized tests

CARBA-5 (NDM, IMP, VIM, OXA-48, KPC)
e CTX-M MULTI (Group 1,2,8,9,25)

DetecTool prototypes

* VAN A/B (VanA, VanB)
ARKET e ACINETO (OXA-23)

ANALYSIS AND *  (C3G (CTX-M MULTI + 3GC activity line)
OPPORTUNITIES
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Klebsiella
pneuomoniae

2007

Vancomycin

Penicillin

1941

Ceftazidime
-avibactam

1959 1980 I1987 Da;::gcm 2015
1985
MARKET eg_ o o
ANALYSIS AND Antibiotic Approved or Released

OPPORTUNITIES

R IEC U <0 AMRDETECTOOL



V*T*E

Intracellular

Antibacterials active on the cell wall and envelope (J01C-J01D) [hide]

Inhibit peptidoglycan subunit synthesis and transport: NAM synthesis inhibition (Fosfomycin) - DADAL/AR inhibitors (Cycloserine) - bactoprenol inhibitors (Bacitracin)

Glycopeptide | Inhibit PG chain elongatiritavancin - Telavancin) - Teicoplanin (Dalbavancin) - Ramoplanin¥

B-lactamase sensitive Benzylpenicillin (G)' - Benzathine benzylpenicnllin' « Procaine benzylpenicxllin' + Phenoxymethylpenicillin (V)’ g Proplcillin’ -

Narrow

spectrum B-lactamase resistant

(1st generation)  Pheneticillin® - Azidocillin* - Clometocillin® - Penamecillin®

Cloxacillin® (Dicloxacillin + Flucloxacillin) - Oxacillin + Nafcillin - Methicillin®

Aminopenicillins (3rd generation)  Amoxicillin® - Ampicillin® (Pivampicillin - Hetacillin* - Bacampicillin* - Metampicillin® - Talampicillin®) « Epicillin®

MARKET
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Cefazolin” - Cefalexin ¥ - Cetadroxil - Cefapirin - Cefazedone? - Cefazaflur® - Cefradine? « Cefroxadine? - Ceftezole? - Cefaloglycin® - Cefacetrile? -
Cefaclor - Cefotetan - Cephamycin (Cefoxitin - Cefprozil - Cefuroxime - Cefuroxime axetil - Cefamandole? - Cefminox* - Cefonicid? - Ceforanide® -

Cefixime® - Ceftriaxone® - Cefotaxime® - Antipseudomonal (Ceftazidime® - Cefoperazone?) - Cetdinir - Cefcapene - Cefdaloxime - Ceftizoxime -

B-lactamase inhibitors

Combinations

Detection in 30 min

Penam (Sulbactam -

Cefmenoxime - Cefpiramide + Cefpodoxime - Ceftibuten - Cefditoren - Cefotiam? - Cefetamet? - Cefodizime? + Cefpimizole? - Cefsulodin? + Cefteram?*

(2nd generation)
Penicillins
(Penams)
Extended ] Carboxypenicillins (4th generation)  Ticarcillin - Carbenicillin* / Carindacillin® - Temocillin®
spectrum Ureidopenicillins (4th generation)  Piperacillin - Azlocillin® - Mezlocillin*
Other  Mecillinam* (Pivmecillinam?) - Sulbenicillin®
Penems Faropenem* . Fiitipenem§
Carbapenems Ertapenem - Antipseudomonal (Doripenem - Imipenem - Meropenem) « Biapenem? - Panipenem? I
1st generation R I £ o
B-lactams/ Cefalonium® - Cefaloridine* - Cefalotin® - Cefatrizine
(inhibit PBP
2nd generation
cross-links) 9 Cefbuperazone? - Cefuzonam? - Cefmetazole?) - Carbacephem? (Loracarbef*)
C,o:halosporfns I 3rd genemtlonl
R - Ceftiolene? - Oxacephem (Flomoxef* - Latamoxef?)
(Cephems)
4th generation ~ Cefepime - Cefozopran® - Cefpirome* - Cefquinome*
Sth generation  Ceftaroline fosamil - Ceftolozane - Ceftobiprole
Siderophore  Cefiderocol
Veterinary  Ceftiofur - Cefquinome - Cefovecin
Monobactams  Aztreonam - Tigemonam? - Carumonam? - Nocardicin A}

Tazobactam) - Clavam (Clavulanic acid) - non-B-lactam (Relebactam - Avibactam - Vaborbactam)

Amoxicillin/clavulanic acid® - Ampicillinfflucloxacillin - Ampicillin/sulbactam (Sultamicillin) - Benzathine benzylpenicillin/procaine benzylpenicillin - Cefoperazone/sulbactam
- Ceftazidime/avibactam - Ceftolozaneftazobactam - Imipenem/cilastatin’ - Imipenem/cilastatin/relebactam - Meropenem/vaborbactam - Piperacillintazobactam

Other polymyxins/deterge| blymyxin B) - depolarizing (Daptomycin) + Hydrolyze NAM-NAG (lysozyme) - Tyrothricin (Gramicidin * Tyrocidine) * Isoniazid” - Teixobactin

*WHO-EM - *Withdrawn from market - Clinical trials: ('Phase IIl - SNever to phase Ill)
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The importance of rapid antimicrobial

susceptibility testing (AST)
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Without action, by 2050 someone could die every three seconds as a result of AMR,
says the Review on Antimicrobial Resistance. That’s 10 million people a year.
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Figure 3.7. Klebsiella pneumoniae. Distribution of isolates: fully susceptible and resistant to one, two, three and

four antimicrobial groups (among isolates tested against fluoroquinolones, third-generation cephalosporins,
aminoglycosides and carbapenems), EU/EEA countries, 2018

Country (included isolates/total reported isolates)

Detection in 30 min

Iceland (16/16)

Finland (771/ Brg)
Sweden (1085 /108g)
Denmark (g50/1280)
Norway (734/738)
Netherlands (1255 /1296)
Austria (1164 1228)
Germany (3876, 31885)
United Kingdom (g911/5808)
Ireland (482/483)
Estonia (177/206)
Slovenia (289 28g)
Belgium (742/9586)
Spain (1526/1995)
Luxembourg (85/85)
France [z922/3043)
Latvia (199/ z04)
Hungary (8 14/850)
Portugal {2524 (2 604)
Cyprus (B7/87)

Czech Republic (1192/148g)
Croatia (305/332)

Malta (136) 137)

Italy (5415/5913)
Lithuania (368/371)
Romania (432 /443)
Slovakia (48y/505)
Poland (1125/1221)
Greece (1485 /1500)
Bulgaria (191/193)

- Fully
susceptible

Resistant to one
antimicroblal group

20% 3I0%

N Resistantto two
antimicrobial groups

T T

40% 50% 60%

Percentage of total

N Resistant to three
antimicrob ial groups

Only data from isolates tested against all included antimicroblal groups are included in analysis.
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Figure 3.5. Escherichia coli. Percentage (%) of invasive isolates with resistance to carbapenems, by country, EU/EEA Figure 3.11. Klebsiella pneumoniae. Percentage (%) of invasive isolates with resistance to carbapenems, by country,

countries, 2018 EU/EEA countries, 2018
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Figure 3.3. Escherichia coli. Percentage (%) of invasive isolates with resistance to third-generation cephalosporins, by Figure 3.9. Klebsiella pneumoniae. Percentage (%) of invasive isolates with resistance to third-generation
country, EU/EEA countries, 2018 cephalosporins, by country, EU/EEA countries, 2018
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= > > = - Figure 3.27. Enterococcus faecium. Percentage (%) of invasive isolates with resistance to vancomycin, by country,
Figure 3.22. Acinetobacter spp. Percentage (%) of invasive isolates with resistance to carbapenems, by country, EU/EEA countries, 2018

EU/EEA countries, 2018
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KPC OXA-48-type NDM

@ VIM

@ NDM

@ IMP

@ NMC

O SME

© OXA-48-type
@ KPC

FIG 6 Coproduction of carbapenemases in the same organism. Data for production of KPC B-lactamases,
OXA-48-type jB-lactamases, and NDM pB-lactamases with other carbapenemases were compiled from
Table 2.

April 2020 Volume 33 Issue 2 e00047-19
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Where to use the DetecTool
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Rapid from when?

Days
0 1 2 3 2z
k } U } t } 5 >
Specimen Antimicrobial
transport/ Susceptibility
culture

Supplemental and/or reference laboratory testing
Testing

A‘ Testng S A .......................................... A >
Empiric

Targeted
Therapy

Therapy
A Rapid AST on isolated bacterial colonies

[N
A Rapid AST directly on specimens
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Smith & Kirby Clin Lab Med. 2019
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Diagnosis of bloodstream infections from positive blood cultures and directly
from blood samples: recent developments in molecular approaches

Conventional workflow (~48-188h)

Patient Sampling Loadmg Gram stalmng Report

It I

Transpan Sub- cultunng Organism 1D &AST Valdatiun :

|
0[01 i B J Action
’ Positive ID (& AST)
Metagenomics
NuCkic-acia amplication
Maonebc rc,—wto -7_-
Pasitive ID (& AST)
MALDS-TOF
Hybrdzaton
IMcoanays
Nuciex-acxd amplificahon)
Combined piatforms
Positive ID
WALD-TOF N
SAELIE T Molecular workflow (~6.5h-48h)
ANALYSIS AND
. . . B L ALMA MATER STUDIORUN
OPPORTUNITIES Peker N et al. Clin Microbiol Infect 2018;24(9):944-955. Wt UNIVERSITA DI BOLOGNA
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J /l
| e I VA ,

': ! //  From direct sample
BT/

From bacterial culture

The diagnostic workflow with conventional phenotypic AST
Positioning molecular antibiogram in the routine workflow

Nedi - | 10 maLDI Blood
e

Blood e o o
l“ Incubation Subculture AST +2days l.! l .%:4- l ID MALDI
‘ b
- 2-120h | 1o maLDI i Incubation Subculture AST +2 days
i Rapid
Incubation Sibeat AsT +1day ) \ &
* - NAATs (LFIA(MALDI)
- | 1o maLDI NAATs (LFIA?) NAATS (LFIA/MALDI)
- Earlier revision of empiric regimen
” +2days g Start with (quasi) targeted regimen
16-48h | 1o mavor | 1o maLDI
’ .
Incubation +1day ’ Incubation AST +1day
Other 16-48 h
specimens - Other

specimens
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Appendix 1: Flowchart for the detection of
carbapenemases on cultured isolates and screening
samples

Pwlmnaiy?:c!::é:lolﬂm : r Sereening of clinical samples
H H
H i
H 1]
! Opsenal i

H Direct detection of H
[ e— r— . .
Standard culture » carbapenemase genes < Ch[lﬁrg_c‘?:r
|
A J
Molecular or
immungchromatographic .
myeein ) || $C) AMRDETECTOOL

I from normally stenls
site o further isolate
characiersation
required

]

Local antibiolic suscepibiity testing
P and identification io species level

UK Standards for Microbiology
Investigations

MARKET Detection of bacteria with carbapenem- Jec gy
ANALYSIS AND hydrolysing B-lactamases

OPPORTUNITIES (carbapenemases)

Submit to AMRHAI Reference
Unit, if frorn normally sterile site
{section &)
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Molecular antibiogram?

Detecting resistance mechanisms at the
molecular level (genes, proteins)

"

Using the information as a proxy for
antimicrobial susceptibility profiling

"

Translating to clinical decision
MARKET

ANALYSIS AND
OPPORTUNITIES Arena et al - Fut Microbiol, 2017

R IEC U <0 AMRDETECTOOL



Klebsiella pneumoniae
Coverage of Carbapenemase-Producing Enterobacterales (CPE)

Molecular antlblogram: by the new beta-lacthamase inhibitor combinations and new beta-lactams
CTX-M not detected

KPC DETECTED

e BB mechion | CAZ/AVI| MER/AS |_w/aeL | croc | ATwyav |

IMP not detected

- L - - | - |+ |
MCR-1 not detected NDM ---

Presumed resistance to all IMP
older beta-lactams including

carbapenems

CAZ/AVI = ceftazidime/avibactam
MER/VAB = meropenem/vaborbactam
IMI/REL = imipenem/relebactam

Presumed susceptibility to
anti-KPC agents (CAZ/AVI,

MER/VBR, IMI/RLB, CFDC) CFDC = cefiderocol
- No relevant info about ATM/AVI = aztreonam/avibactam
MARKET other agents

ANALYSIS AND No MIC values
OPPORTUNITIES
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Molecular vs. conventional antibiogram: different information

SR MIC mg/L
(SIR)
Amoxi/Clav m
Ppmazo | >18R

Ceftriaxone
Ceftazidime
Cefepime
Ertapenem

Imipenem

Meropenem

Fosfomycin

Ciprofloxacin
Tygecycline
Colistin
CAZ/AVI
MER/VBR

Conventional antibiogram _
[ ./' =

Detection in 30 min

UM oo | e

Molecular antibiogram: m
CTX-M notdetected | L
KPC  DETECTED Ceftriaxone | (R) |
VIM notdetected [t
OXA-48 notdetected [T
NDM not detected Ertapenem

IMP not detected Imipenem

MCR-1 not detected Meropenem

Presumed resistance to all
older beta-lactams including
carbapenems

| Amikacin |

| Gentamicin | 7 |
Ciprofloxacin

(Tygecycine |7
-
cazan | ®)
werver | 5 |
(mms | 5
e | ® |

Presumed susceptibility to
anti-KPC agents (CAZ/AVI,
MER/VBR, IMI/RLB, CFDC)

No relevant info about
other agents

No MIC values
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Market opportunities
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PCR- based tests dominate the infectious medical
device landscape

Molecular Physicochemical methods

Molecular Dx

% Check-Points % O
pGen
.

Immunochromatographic Dx (ex. Mass Spec, Magnetic Resonance)

/’3 P L@QUIDEL  Q-LINEA™
Z Cepheid. '3‘@" ~n
Mc‘.‘...ux am‘ilix More... Tﬁ}} Bj g:/ ;
G £3losystems
Luminex < BD NG-BIOTECH Il GRADIENTECH
MARKET v Bmﬂ
ANALYSIS AND $ NCCELERATE S

OPPORTUNITIES




Existing technologies that do not
require isolated colonies

Pros Cons

«  Same day results. * Low accessibility to those

* High accuracy with detection of technologies.

specific carbapenemase gene. * Good accessibility but only
e CLSI endorsed. detecting the activity.

MARKET
ANALYSIS AND

OPPORTUNITIES
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Approaches without

Detection in 30 min

~N [

| Conventionnal reading
P Early reading (6.8 ‘

s

[ aenrer 1 (D)
Approaches with P
a sub-culture step ‘

Colorimetric tests

ESBL, MRSA

Carbapenemase U ﬁ [ Flow Cytometry
v
| Polymyxin @ ) : .
A S ‘ P
AN ,/

-~ [ Ve
\‘ Automated system (Vitek, Phoenix) ‘@

Disk diffusion
technique (DDT) I N
| ‘ Real-Time Video Imaging ‘
N\ )
- Early subculture Classic subculture

Vo
{ Automated system (Vitek, Phoenix) @

o

' o 1 3 4 5 12 1
l N R
-.- Real-Time Video Imaging 7
- /
=

4 Bacterial pellet\ ’ Disk diffusion technique (DDT)
. - Direct inoculation @
E‘Centrifugaticn, e Y,
Sepsityper...
O ™
.. MS-based tests

7 3GCresistance
== carbapenem hydrolysis
- /"

Automated system (Vitek, Phoenix) ‘@

Ve

4 MALDI-TOF N

identification

4 Colorimetric tests N

ESBL,MRSA [~
- ! Carbapenemase @ v ﬁ
v
Polymyxin @ )

a sub-culture step
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ESBL (CARBA) detection in blood culture

d
\ 4

Laboratories that perform direct MALDI-TOF-
based identification or molecular identification

4

Positive blood culture

Gram staining: Gram negative bacilli

$

Laboratories that do not perform direct
MALDI-TOF-based o molecular identification

A 4

Inclusion criteria:

* Species of Enterobacterales: E. coli and K.
pneumoniae complex (including K. variicola) or
other depending on local epidemiology

* To consider including patients hospitalized in
units with high levels of bacterial resistance (to

Inclusion criteria:
* Time-to-positivity of €12 h
* Growing in anaerobic bottle o anaerobic and
aerobic bottles
OR/AND
To use a short sub-culture on Columbia agar {3 h are
enough for enterobacteria) following by MALDI-TOF ID

decide by each site)

!

Direct detection of ESBL and carbapenemases with blood culture broth

Detection in 30 min

Q) AMRDETECTOOL




MARKET
ANALYSIS AND
OPPORTUNITIES

ESBL (CARBA) detection in urine

Samples from patients with suspicion of urosepsis and/or pyelonephritis:
- Direct clinician reguest or
- Urine and blood culture samples received the same day in lab

¥

Screening for positive urine samples

\ 4 \ 4

Laboratories with Flow cytometry: Laboratories without Flow cytometry:

» Bacterial count 25000 bacteria/pL * Reactive strip or sediment parameters of

» Presence of only morphotype of Gram infection (to determine by each laboratory)

negative bacilli in scatergram + Gram staining positive for Gram negative bacilli*
I I

Laboratories that could perform direct MALDI-TOF- Laboratories could not perform direct MALDI-TOF-based
based identification or molecular identification could identification will apply the test to all samples with GNB detected
perform ESBL and carbapenemase detection only with Short incubation of selected urines (3 h) followed by MALDI-TOF
E. cali and K. pneumoniae complex (including K.variicola) ID could be another way (with or without previous screening)

¥

Direct detection of ESBL and carbapenemases with direct urine sample

R IEC U <0 AMRDETECTOOL



Direct from rectal swabs for screening

For pre-enrichment step, before performing the test:

- Inoculate the rectal swab in 1 mL of transport medium.

- Transfer 400 microliters of this solution to 4 mL of brain heart infusion media
supplemented with the following antibiotics (half of a disk, concentration of 30
ug/mL for cefotaxime and 10 pg/mL for ertapenem) and incubate overnight:

o cefotaxime for the detection of ESBL (when wusing the NG
DetecToolCTXM)

o ertapenem for the detection of carbapenemases (when using the NG
DetecToolCarba-5).

MARKET
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OPPORTUNITIES

R IEC U <0 AMRDETECTOOL



& AMRDETECTOOL

Detection in 30 min
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