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AMR

a "slow-moving
tsunami”




EUROPEAN&
ANTIBIOTIC

AWARENESS DAY

AEUROPEAN
HEALTH INTIATIVE

Antibiotic resistance is the ability of
bacteria to combat the action of one
or more antibiotics. Bacteria, not
humans or animals, become
antibiotic-resistant.

In Europe, the health impact of
antibiotic resistant infections is
comparable to that of influenza,
tuberculosis and HIV/AIDS combined.

HIV/AIDS
Tuberculosis
Antibiotic
resistance
Influenza

Antibiotic resistance:

a growing threat to human health

More than

35000....

Each year, more than 35 000 people die from antibiotic-resistant
infections in the European Union, Iceland and Norway. This is
equivalent to the number of passengers on 13 crulse ships.

Antibiotic resistance is a silent pandemic and a growing threat to
human health

Over 70 %

healthcare-associated
infections

Qver 70% of the health impact of antibiotic-resistant infections is
directly linked to healthcare-associated infections. This could be
minimized through adequate infection prevention and control
measures, as well as antibiotic stewardship in healthcare settings

https://antibiotic.ecdc.europa.eu/en/publications-data/antibiotic-resistance-growing-threat-human-health

13 cruise ships

Increasing burden

Resistance to antibiotics that are used as last line
for treatment of infections, such as the carbapen-
ems, has the highest health impact

Between 2016 and 2020, the overall number of
deaths caused by antibiotic-resistant bacteria
under study has increased

Forcarbapenem:-resistant Klebsiella pneumoniae
and Acinetobacter spp, commonly causing
healthcare-associated infections, the numberof
attributable deaths increased by approximately

0%

scintopacter s |




=P Streptococcus pneumonia [ErrXiv L)

Global deaths (counts) attributable to bacterial AMR by pathogen—drug combination, 2019
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Antimicrobial Resistance Collaborators. Global burden of bacterial antimicrobial resistance in 2019: a systematic analysis. Lancet. 2022;399(10325):629-655.



Balkan Peninsula

Percentage of isolates with resistance
B <5% []40to <50%

B 5 to <10% [ 50to <60%
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Carbapenem-resistant

Acinetobacter baumannii

P ge of isolates with resistance
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Balkan Peninsula

Percentage of isolates with resistance
B <5% 40 to <50%
EE5to<10%  [J50to <60%
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Carbapenem-resistant
" Klebsiella pneumoniae

— .

F Carbapenem-resistant Klebsiella pneumoniae

Raw data
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ﬁ Greece

Italy

Romania

Estimations of the burden of

infections with antibiotic-resistant pcy:.

bacteria presented as attributable
deaths per 100 000 population by

country*, EU/EEA, 2020

Lithuania
Maita
Slovakia

Germany

Croatia
Hungary
Belgium

Latvia

Czechia

Country

Slovenia

Fruice [ vercomycinresistant £ toecats /€ tsecium
Bulgaria . Meticilin-resistant S, aureus
keland 4 . Penicilin-non-wild-type snd macrolide-resistant S. preumaonise
Spain . Penicilin-non-wiki-type S. pneumoniae
Luxembourg 4 . Multidrug-resistant P. asruginoss
Sweden . Carbapenem-resistant P. aeruginoss

Iceland

'S

Assessing the health burden of
infections with
antibiotic-resistant bacteria in the
EU/EEA, 2016-2020

. Carbapenem-resistant K. pneumaoniee
. Thrd-genaration cephalosperin-resistant K pnsumoniae
! Carbapenem.resistant E. col
Thrd-generation cephalosporin-resistant £ cod
. Aminoglycoside- and fluoroquinolone-resistant Acinefobacter spp.

Austria
Denmark

Finland

Estonia I

Norway 2
. Carbapanem-resistant Acinetobacter spp.
Netherlands 2
Assessing the health burden of infections with antibiotic-resistant 0 5 10 15 20
il @ deaths per ulation
Attributable deaths per 100 000 populatios

bacteria in the EU/EEA, 2016-2020. Stockholm: ECDC; 2022.



EUWH,{{‘ Antimicrobial resistance targets’

2toxot pkpoBrakng avroxng: EAAada =i i g

Greece

ANTIBIOTIC & 2019 - :

- A EUROPEAN
WEALTH INITIATIVE

. 2019
At least 65% of the total consumption of -
antibiotics in humans belongs to the

— *Access’ group pf antibiotics 2023 52 0%
As defined in the AWaRe dassification of the WHOD —
2030 i
*Parcentage point: difference from 2019. TARGET +18.2%

ZTOXO! HIKPOPBIAKNG
avToxnG: NWG HNOPOUHE
va TOUG ENITUXOUHE EWG TO

Maintain at baseline level the total
incidence of bloodstream infections with
third-generation cephalosporin-resistant

Escherichia coli
Number per 100 000 populabion

https://antibiotic.ecdc.europa.eu/en/publications-data/country-sheet-2024-greece
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2019 2020 2021 2022 2023 European Centre for Disease Prevention and Control.

——E. coli3gen CephR ——K. pneumoniae CarbR ——P. aeruginosa CarbR Acinetobacter CarbR ——MRSA ——E. facium VRE Antimicrobial resistance in the EU/EEA (EARS'Net)' Annual
Epidemiological Report 2023. Stockholm: ECDC; 2024.



TACKLING ANTIMICROBIAL
RESISTANCE ON TEN FRONTS

Public
awareness

Sanitation
and hygiene

Antibiotics in
agriculture and
the environment

Vaccines and
alternatives
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Human capital

Global
Innovation Fund

International
coalition for action

4 Reviewon
@ Antimicroblal
Resistance

‘Tackling drug-resistant infections globally: Final report and
recommendations’. The review on antimicrobial resistance;
May 2016

A European
One Health
Action Plan
against
Antimicrobial
Resistance
(AMR)

ZUoTaon Tou ZUUBOUALOU OXETLKA UE TNV
evioxvon twv dpacswv tng EE yla tnv
KQTATIOAEUNON TNG UIKPOBLAKAG OVTOXNG OTO
TAQLOLO TNG IPOCEYYLONG

«Mia vysia» 2023/C 220/01

https://eur-lex.europa.eu/legal content/EL/TXT/?uri= CELEX:32023H0622(01)
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| for Research and Innovation | 2 min read

New European Partnership on One Health AMR:
€253 million for research and innovation against
antimicrobial resistance

Today, the European Union has officially launched the Partnership on One Health Ar ial Resistance

https://health.ec.europa.eu/system/files/2020-

(OHAMR). Co-funded by Horizon Europe 4@, with €75 million, this ambitious 10-year programme tackles the
urgent global health threat of antimicrobial resistance (AMR).

01/amr_2017_action-plan_0.pdf

European Partnership on One Health ‘

Antimicrobial Resistanc‘
Kick-off

23 September 2025
Brussels, Belgium

The European Partnership on One Health AMR (EUP OHAMR)
brings together 53 partners from 30 countries to strengthen AMR
R&I with a One Health approach.

By coordinating research, boosting innovation, improving
surveillance and diagnostics, and supporting better prevention
strategies, the partnership aims to close critical knowledge gaps
and translate science into policy

https://cordis.europa.eu/project/id/101217154




‘Best buy’ interventions to tackle AMR

* improving hygiene in healthcare facilities, including

OECD Health Policy Studies
Stemming the Superbug Tide

JUST A FEW DOLLARS MORE

promotion of handwashing

» stewardship programmes promoting more prudent
- use of antibiotics to end decades of over-
prescription

éThese will decrease the health burden of AMR
— measured in DALYs — by about 40%

.................................................................................................................................

* use of rapid diagnostic tests
-

Just 2 US dollars per person each year would § o delayed prescription

be enough to stem the superbug tide

* public awareness campaigns

Source: OECD (2018), Stemming the Superbug Tide: Just a Few Dollars More. Available at: oe.cd/amr-2018.



MuwpoLOAOYLIKO EPYAGTAPLO KOL OVIXVEUGH OLVTOXNG

What we"""don’t know

Active surveillance =




Periplasm  Inner memhbrane
Outer membrane

larget protection protein

Antibiotic
target

Darby EM et al. Nat Rev Microbiol. 2023;21(5):280-295.
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Ambler Ja Ambler Ambler Ambler
Class A Class C Class D

S | Class B

OXA-48

OXA-23

OXA-40

. narrow-spectrum
. ESBL

- broad-spectrum
. carbapenemase

Noster J, Thelen P, Hamprecht A. Antibiotics. 2021; 10(9):1140.
Me tpormonoinon



B- AaKTAMAOEC: UOPOAUTIKO pacuaL

Classic -
1= Gen, Ceph. | 2™ Gen. Ceph. 3 Gen, Ceph. A" Gen, Ceph, lackamase
Inhibitors-

periiillinase
Class A BSBLs*

Class A Carbapenemases [KPC)

Class B Carbapenemases ViRV, IMP, NDM)
,@r
| csvemweeneon PR on

*including benzylpenicilling, aminopenicilling, carboxypenicilling, ureidopenicillin, narrow spectrum cephalospeorins (cefazolin and cefuroxime and others)
**B3BL substrates plus oxacillin, nafcillin, and dicloxacillin




B- AOKTOHAOEG KOl VEOTEPQA AVTILBLOTIKA

ESBL KPC MBL AmpC OXA-48 F zeruginosa (MDR/XDR) Acinetobacter (MDR/XDR) 5. maltophilia

Aztreonam/avibactam

Cefepime/enmetazobactam

Cefepime/taniborbactam

Cefepime/zidebactam

Cefiderocol

Ceftaroline/avibactam

Ceftolozane/tazobactam

Meropenem/nacubactam

IMeropenem/vaborbactam




MéEBoboL aviyveuonc tTnG AVTOXAG

Phenotypic methods

Constrained by
oo bacterial growth time
Dilution § 48 h
/ 'o\'\
Diffusion s\ -~ 48 h
; /’/ﬁ
Gradienttest | | 48 h

2
A

Chromogenic media 24 h

>20h
LFIA

L.

Molecular-based methods

Gene1 Gene 2.+ GeneN

/ several h
. <0
qPCR M
\
Cycle bl i ) 24-48h

M|
|
M A

sequencing ||| i

VULBRUIRREELL L I ]

NGS several days

* estimated time depend on a sample analysed
(clinical specimen vs. isolated bacterial culture)

Mass spectrometry

MALDI-TOF MS
Incubation (antibiotic + sample)

S
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Matrix

several h

* estimated time depend on a sample analysed
(clinical specimen vs. isolated bacterial culture)

-

Gajic | et al. Antibiotics (Basel). 2022;11(4):427.
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Table 1. Differences between phenotyp;c and genotypic resistance detection methods

Characteristic Phenotypic methods Genotypic methods
iQuestion to be unﬁweredé Does the antibiotic inhibit bacterial growth Is a gene or mutation associated with antibiotic resistance present?
T at clinically relevant concentrations?
Turn-around time Slow Fast q
Inoculum needed High Low
Provides information about No Yes

resistance mechanism

Predicts antibiotic Yes
susceptibility and
> resistance
Provides MIC Yes
Cost Moderate

Sometimes. Only detects a gene or mutation associated with resistance;
this may not correlate with phenotypic resistance in all isolates (e.qg. if
a gene is not expressed). If a singular genotypic resistance type is
associated with resistance to a particular antibiotic in a particular
bacterial species, its absence infers susceptibility. However, when
there is more than one genotypic resistance type associated with
resistance, such an inference may not always be correct.

No

High
g Banerjee R, Patel R. JAC Antimicrob Resist. 2023;5(1):dlad018.
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ID / Avixveuon yoviSiwv avtoxng

ZWVEC
OVOOTOANG

Pheno R Mnxaviopog;

TAT=1-4 h

,/

-

TAT=48-72 h
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Dowvotunikeg pEBodotL: MEBodoc diaxvonc twv diokwv (Kirby-Bauer)

@ Inoculated agar plate @ Addition of antibiotic discs T
@ Measurement
Incubation of the zone
—’ ' of inhibition
for18+2h |\
At 35+ 10C

inoctium
equivalent toa 0.5
McFarland standard

The 15-15-15 minute rule

Standardization

Kirby Bauer
Disc Diffusion Antimicrobial disc

Follow these instructions for disk diffusion:

§~ Use the inoculum suspension optimally within 15 minutes

of preparation, and always within 60 minutes.

Zone of inhibition t+ Apply disks within 15 minutes of inoculation.

Bacterial growth :
g i+ Incubate plates within 15 minutes of disk application.

Method

Bauer AW., Kirby W.M.M,, Sherris J.C. and Turck M. 1966.
Antibiotic susceptibility testing by a standardized single disk method. Am. J. Clin. Pathol. 45:493-496

EUCAST disk diffusion method for AST. Version
13.0, January 2025.
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MéEBodoc dLaxuong twv diokwv Kirby-Bauer: eppunveia

S,I,R

Enterobacterales * EUCAST Clinical Breakpoint Tables v. 15.0, valid from 2025-01-01
Expert Rules and Expected Phenotypes Guidance documents For abbreviations and explanations of breakpoints, see the Notes sheet
1 MIC breakpoints Disk Zone diameter Notes
arbapenems
{mg/L) content breakpoints (mm) Numbered notes relate to general comments andfor MIC breakpoints.
S< R> ATU (rg) Sz R< ATU |Lettered notes relate to the disk diffusion method.

Doripensm 1 2 10 24 21 1. Some isolates that produce carbapenemase are categorised as susceptible with the current breakpeints and should be

Ertapenem D& 0.5 10 23 > reported as tested, i.e. the presence or absence of a carbapenemase does not in itself influence the categorisation of

imipenem, Enterobacterales except 7 2 10 57 T} seepllhm:r. Ca:apenernase detecu?n and characterisation ar.e remm::rf\tj:d]f:;’ put:llll_c healthdfand mfe{:tzlc;n control

Margansilaceas purposes. Jclch:.a SpEnemase scresning, a meropenem scresning cut-off . mglL (zone diametar mm} is

Imi : I 0.001 4 10 50 19 g

— i M = = = 2. The intrinsically low activity of imipenem against Morganalls morganii, Proteus spp. and Providencia spp. requires the

Imip leb m, Ents h 2 z 10-25 2 22 20-22  |high exposure of imipenem.

except Morgansilsceas 3. For susceptibility testing purposes, the concentration of relebactam is fixed at 4 mgiL.

Meropenem (indications other than 2 8 1 22 18 4. For susceptibility testing purposes, the concentration of vaborbactam is fixed at 8 mgiL.

meningitis )

Meropenem (meningitis) 2 b 10 22 22 A For isolates in the ATU, if resistant to report resi to merop borb m. i not resistant to

Meropenem-vaborbactam gt g 20-10 20 ] 15.1g* |meropenem, investigate further.

Monobactams MIC breakpoints Disk Zone diameter Notes

{mgiL} content breakpoints (mmy} Numbered notes relate to general comments andfor MIC breakpoints.
8c R> ATU {pa) S2 R < ATU |Lettered notes relate to the disk diffusion method.

Aztreonam’ 1 4 a0 28 el | 1. The a: n b i for Ei bacteralez will detect clinically important resistance mechanisms (including
ESBL). Some isolates that produce beta-lactamases are susceptible 1o aztreonam with these breakpoints and should be
reported as tested, i.e. the presence or absence of an ESBL does not in itself influence the categorisation of
susceptibility. ESBL detection and characterisation are recommended for public health and infection control purposes.
2. For susceptibility testing purposes, the concentration of avibactam is fixed at4 mgil.

Aztreonami-avibactam re 42 30-20 25 25 2324

Fluoroquinolones MIC breakpoints Disk Zone diameter Notes

{mg/L}) content breakpoints {mm)} Numbered notes relate to general comments andfor MIC breakpoints.
< R> ATU {pg) Sz R< ATU |Lettered notes relate to the disk diffusion method.

Ciprofloxacin, Salmonella spp.‘ 0.08 0.08 Note™ Note™ 1. There is clinical evidence for ciprofloxacin to indicate a poor response in systemic infections caused by Salmonellz

Ciprofloxacin (indications other than 0.25 05 05 5 o5 ) 2224 |spp. with any d ble flu Ine resistance hanizms. The available data relate mainly to Salmoneils Typhi

meningitis) but there are also case reports of poor response with other Saimonelia species.

Ciprofioxacin tmeningitislz 0.125 0.125 Mote® Mote® 2-13 Tu:::l;g:ﬁ:‘;::r;‘:" il:‘:rci}l:‘n;bHEE:::::c;:echamsm5 must be excluded, either perform an MIC test, or

Fefloxacin (screen only) MA & 5 34™EC 24%EE T P ¥ F' .IJQ g .

— - ey N 3. Fluoroquinohone breakpaoints are available for other agents.

Delafloxacin, E. coli 0.125 0.125 Mote MNote

Levofloxacin 0.5 1 5 23 18 A Tests with a ciprofloxacin 5 pg disk will not reliably exclude all flusroquinolane resistance mechanisms in Saimonalls

Moxifloxacin, Enferobacterales except 0:25 0.25 5 22 22 spp. Perform an MIC test, or infer susceptibility from the pefloxacin 5 pg screening test.

Marganella marganii, Proteus spp. and C. The pefloxacin screening test can also be used to detect fluoroquinolone resistance mechanisms in other

Serrafia sfu:u.a terales such as E. coli, K. pneumoniae and Shigelfa spp.

Malidixic acid (screen only) MA MNa NA MNA D. A disk diffusion test awaits action from the responsible pharmaceutical company.

Morfloxacin (uncomplicated UTI only) 0.5 0.5 10 24 24

Ofloxacin 0.25 05 5 24 22

The European Committee on Antimicrobial Susceptibility Testing. Breakpoint tables for interpretation of MICs and zone diameters. Version 15.0, 2025. http://www.eucast.org.




% EUCAST Bt EUCAST, Rapid AST

European Society of Clinical Microbiology and Infectious Diseases

Methodology - EUCAST rapid antimicrobial susceptibility testing (RAST)

e e — Xpnon ue ¢pLadeg BACTEC (BD), BacT/ALERT (bioMérieux)

March 2025 Kot VersaTREK (Thermo Fisher)
— 0—18 h petd tn Betkomnoinon tng PpLaing
— AneuBeiag evodpBaipiopog (MH, MH-F)

EUCAST RAST Breakpoint Tables version 8.0 (2025-03-18)

European Committee on Antimicrobial Susceptibility Testing HE 125i25 ul aT[(l) 'Er] esthr’] (_‘I)L(’xAr]
Zone diameter breakpoint tables for rapid antimicrobial susceptibility testing (RAST)
directly from blood culture bottles — To ukpoBLako eld0C¢ MPEMEL val Eival yvwoTto
Version 8.0, valid from 2025-03-18
‘ TPV TNV EPUNVELD TWV ATIOTEAECUATWV
x EUCAST oo™
SUSCEPTIBILITY TESTING
| Eurapean Saciety of Clinical Micrabiology and Infectious Diseases Table 1. Incubation conditions for antimicrobial susceptibility test plates.

Organism Incubation time | Medium [ Incubation
Escherichia coli 4,6and 8 hours | MH 35+1°C in air
Klebsiella pneumoniae 16-20 hours

Salmonella enterica
Acinetobacter baumannii
Staphylococcus aureus
Enterococcus faecalis

Screening for ESBL and carbapenemases in Escherichia
coli, Klebsiella pneumoniae and Salmonella enterica for
epidemiological purposes as part of the RAST procedure.

EUCAST Guidelines for d ion of resi mechani and specific resi of £
ical andlor iological importance using EUCAST rapid antimicrobial Entemcnccus faamum
susceptibility testing (RAST) directly from positive blood culture bottles. PSEHdﬂmﬂﬂaS EEmgiﬂﬂSE E and E hOUrS MH 3511 "-'G in air
Version 3.0 16-20 hours

March 2025




Tawviec StaBaBuIopnEVNC CUYKEVTPWONC OVTLBLOTIKWY

Prepare inoculum to
0.5 -1McFarland

Savis Im

R abiceucamonen

Read and interpret
results

Inoculate plate, Position ETEST
allowing drying time of strip and incubate
15 — 20 minutes overnight

The MIC value is read from the scale in terms of pg/mL
at complete inhibition of bacterial growth, where the
pointed end of the ellipse intersects the strip.

SET UP TIME:

< 5 Minutes

TIME TO RESULT:

16 — 20 hours for most organisms

Reading Scale
(MIC pg/ml)

Exponential
and Continuous
Antibiotic Gradient




MéeEBodoc pakpoapalwoewv o€ {WHO

1. Obtain isolated colonies of bacterial strain to test.

Broth dilution method for

measuring minimum inhibitory
concentration of antibiotics

3. Afer overnight incubation shown at kefl, add rich broth with appropdate dilution seres of test antiblotic to test

L_' tubes. Example concentrations (mg'L) are shown below. Incculate bactaria to a final dansity of 5 x 10° cfufml.
2. Combine 4-5 colonies E
and culture owvemight in &
rich madia broth. %
o4 W
=] L= - ] - = -"E k E ?’i ﬁ
| L Il
e b L e o | e b= oo p e o I\-,_.- xJ_.-"
/ Me bacteria; broth control

4. Plate aliguot of growth
control {i.e., no antibictic
added) to varify cfu/mi
counts of viable bacteria.
Incubate overmight and
count colonies.

— _ — — _ — — — 1 — _—

gy @ Lt & CJ v L _ ; k___,«'l \_,;

5. Alter overnight incubation, check cullures for growth. Tha MIC is the lowest concentration of antibiotic that
prevents visible grawth. In this axample, tha MIC is 64 mgiL.




Correct inoculum
5x 10° CFU/ml

MéEBodoc¢ pnikpoapaiwong o€ {wno (BMD)

1. Preparation of test inoculum
—
|F

i_
=

Mueller Hinton Broth

b
Test Bacteria

2. Preparation of different dilutions of antimicrobial agent

1004t Tyt 100 o0yl ool o0 1y
. i L L e i

3. Inoculation on 96 well plate

(Antimicroblal agents are transferred Into a
96-well microtiter plate and inoculated
with bacterial suspension)

n n

4. Results - Determination of Minimum
Inhibitory Concentration (MIC)

(Turbidity of the sample is determined )

.
mic | |
High turbidity - Sacterial
growth

Low turbidity - No bacterial
growth

The lowest concentration of antimicrobial agent that is capable of
inhibiting bacterial growth is called MIC.

- - - . pr® ..l - ,'._.. o |:. g -
pevr o = | |

i

}i i - r)“

o i ,-_: ;

: Y I 1“';- J“ -
s -!‘} i'J J: j’

R

EUROPEAN COMMITTEE
ON ANTIMICROBIAL
SUSCEPTIBILITY TESTING

European Society of Clinical Microbiology and Infectious Diseases

— Version 5.0, January 2024
PP S EUCAST reading guide
e for broth microdilution

BMD is the reference method for AST of
rapidly growing aerobic bacteria, except
for mecillinam and fosfomycin, where

2 agar dilution is the reference method.
- 1, - . - . = EUCAST recommends testing according

= ... tothelnternational Standard ISO 20776-

—y, 1 (with the use of MH-F broth for
T fastidious organisms).



MéEBodoc apaiwong o ayap (agar dilution)

mecillinam and fosfomycin:

Methods for Dilution Antimicrobi. ! ) ® O ; 1© © @0 @ ( aga r d I I ution Is

Susceptibility Tests for Bacteria That “r .w @ © © © j \‘ © © O ¢« the reference method
Aerobically; Approved Standa; 3—Tenth 4 / \ -

Edition

Fosfomycin Agar Dilution Panel, Liofilchem

AD Fosfomycin Workflow

]

Bacterial suspension
(McFarland 0.5)

This standard addresses reference methods for the determination

dilution 1:10 in saline
of inhibitory concentrations of aerobic bacteria by broth

Fosfomycin MIC range: 0.25 - 256 pg/mL

B {
2 pL in each well
QOEE
(spot the inoculum on the agar
C B @@@@ from the growth-control well
@@@@ to highest concentration)
8

Growth-control: No antimicrobial agent in the well.
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YITEK 2COMP:

AT

Detection of AMR facilitated by
Advanced Expert System (AES).

The instruments read the kinetics
of the growth using an optical
system with photometer/
multichannel fluorimeter
readings to assess fluorescence /
turbidity /colorimetric signals

| Fomenare [|HINIIIIANADRIN

Thmcenees  IINDIMIRCRE N o

= Each of the systems has inherent advantages and limitations

= Results can vary widely by antimicrobial drugs, software versions, and cards

= Some of the systems are not reliable for correct categorization of
susceptibility for certain drugs, leading to wrong classifications.

= Software updates and synchronization of breakpoints according to the
current standards are mandatory.

= Panels usually contain only several concentrations of each antimicrobial
agent, and the resulting MIC is not always given as an exact value.

Gajic | et al. Antibiotics (Basel). 2022;11(4):427.
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. Advantages and disadvantages of the common methods of antimicrobial susceptibility testing
Method Advantage Disadvantage Comments
Broth dilution Well-standardised Time-consuming Quantitative **
> Harmonised Individual mistakes

Commercially available tests are easy to perform

‘ Agar Dilution Well-standardised Time-consuming Quantitative
. ; s Limited concentration of Possible automation
Suitable for testing a large number of isolates i ¢ .
antimicrobial agents in part
Disk diffusion Simple to perform Time-consuming Qualitative *
Low cost No MIC value

. . . The inability for some
Simple and fast interpretation S A e
The high number of test antibiotics per test

High flexibility in antibiotic selection

Detection of resistance patterns , ,

Mass use and the possibility of automatisation OXl TLHLEG MIC
A number of a different use (AST, identification, screening, etc.)

Detection of heteroresistant population or contamination

Gradient test Convenient and flexible Relatively expensive Quantitative
Simple to perform Risatirity
long incubation
Does not require expertise
Detection of resistance patterns
;;‘;:gﬁ:ted Simple to perform Relatively expensive Semi-quantitative ***

¥ (T T = v
Gajic | et al. Antibiotics (Basel). 2022;11(4):427.
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__Antibiotic resistance threats

s Extended-spectrum
Cal’bapenem-resistant R cephalosporin resistance in

Enterobacterales (CRE) g extended- spectrum B- Iactamas@

Enterobacterales suggestive ofv i

(ESBL) production ) ‘

Methicillin-resistant
Staphylococcus aureus
(MRSA)

Multidrug-resistant (MDR) }

Pseudomonas aeruginosa \
\H 3

Carbapenem-resistant

Acinetobacter species Vancomycin-resistant

Enterococcus (VRE)

o .
CDC, Antibiotic Resistance Threats.inthe United States
< g




AAyoplOpoc yia powvotumnikn aviyvevon ESBLs o€ Enterobacterales

ESBLSCREENING:
I/R to one or both of cefotaxime and ceftazidime No » NoESBL
(or cefpodoxime R)
‘es
A
Species dependent ESBL confirmation
3 y

Group 1: Group 2 . L

E.coli, Klebsiella spp., P. mirabilis, Salmonella spp., Enterobactenaceae with mducible chromosomal AmpC:
Shigella spp. Enterobacter spp., Citrobacter freundii, Morganella morganii,

Providencia stuartii, Serratia spp., Hafhia aivei.
ESBL CONFIRMATION! i ESBL CONFIRMATION

with ceftazidime and cefotaxime+/- clavulanic acid with cefepime +/- clavulanic acid

v A 4 A 4 v
Negative: No ESBL Indetemunate Positive: ESBL Negative:no ESBL Indeternunate? Positive: ESBL

[

LIf cefoxitin has an MIC >8 mg/L,
perform cefepime+/- clavulanic acid
confirmation test

If confirmation with cefepime +/- clavulanic acid is still
indeterminate, genotypic testing is required.

EUCAST guidelines for detection of resistance mechanisms and specific resistances of clinical and/or epidemiological importance. Version 2.01. July 2017



@atwvotumikn avixvevon ESBL

Bronumber: (M056 1 (450106601

Qrganism Quantity: Selected Organism: Escherichia coli DDST CDT Etest ESBL

Antimicrobial MIC Interpretation Antimicrobial MIC Interpretation
B nnanasnsannaraszsnsechens el unnebararnnnsturesa., s |Etapenem ==0.12 5
Temocillin limipcnem ==0.25 S
Urine <=4 1 Meropenem
Oher <=4 Meningitis =025 s

Ampicillin »>=133 R Other ==().25 S

Amoxicillin/Clavulanic Acid ] 5 | Amikacin 2 5

Piperacillin Tazobactam =4 g Gentamicin <= | 5

Cefuroxime == 4 R Tobramycin ==] 5
~afurexime Axetil >= 64 R Ciprofloxacin
|Cefoxitin =4 1E Meningilis 0.5

Cefditoren Other 0.5 1

RS0 (111 AR (RPN~ AP PR . SO Leciosl Ll | ! . .
JCefotaxime " |Moxifloxacin = = >5 mm increase MIC ratio >8
i1 Meniagits = B iMlisicjelbe ) () in inhibition zone  orifa
i| Other >= 64 R :| Tetracyeline (-} 1-)
[Cofazidime E R [Tigooyeline =05 5 phantom zone
t|Cefiriaxane *| Fosfomycin
i Meningitis == G4 R i| Ol <= A or deformed
1. Dther == 4 R | Other <=6 5 e”lpse is

Celiazidime/ Avibactaim ==0.12 8 Nitrofurantoin <=16 5

(Cefiolprane/ Tazobactam <= (.25 5 Chloramphenicol 4 IE p resent
t|Cefepime 2 1 = Colistin <= 0.5 g
MAZSOIN e e S R | Trimethoprim/ <=20 E

Sulfamethoxazole




@ ouvoturikn aviyvevon ESBL

Etest ESBL

phantom zone

L e i St BRS
Mwhmhu,ﬂ

= 1%

XpWHOTOMETPLKEC HEBOSOL

B LACTA™ test

(6]
L nwc*dwc © \é/tg)

directly with isolated colonies or with
bacterial pellets from positive blood
cultures or urines

Se: 98%

Sp: 100%

EUCAST guidelines for detection of resistance mechanisms and specific

resistances of clinical and/or epidemiological importance. Version 2.01. July 2017

Xpwpoyova VA
Brilliance™

Liofilchem®
Chromatic ESBL ESBL Agar

Escherichia coli DSM 22311

CHROMID® ESBL CHROMagar™
ESBL

Del Corpo O et al. Clin Microbiol Infect. 2023:51198-743X(23)00425-1.



Organism Quantity:

Selected Organism: Klebsiella pneumoniae

CRE-Vitek reports

Organism Quantity,

Selected Organism: Klebsiclla pneumoniae

Antimicrobial MIC | Interpretation | ,....Aotimicrabial.....J....MIC... |.Inferpretation Antimicrobial MIC | Interpretation | ... Antimicrobisl,. ..., Interpretation

ESBL NEG - 1Ertapenem >=§ R < |ESBL NEG . ETIMK'DEIH R f
Temaeillin 1 Imipenem >= 16 R H Temocillin Irmipenem R g

Urine =32 R 1Meropenem - Urine =32 R Meropenem :

Other >=32 1 Meningitis >=16 R 3 Other >= 32 Meningitis R :
Ampiilin =2  Tome. ol s R [ > R Fons R ¥
Amoxicillin/Clavulanic Acid >=3) R Amikacin 16 R Amoxicillin/Clavulanic Acid >=32 R Amikacin T plaah = -5 il
Piperacillin/Tazobactam >= 128 R G =16 R Piperacillin/ Tazobactam == |28 R Gentamicin R
Cefuroxime >= (4 R Tobramycin >=16 R Cefureime == 64 R Tobramyein 8 R
Ffuroxime Axetil >= 4 R Ciprofloxacin Cefuroxime Axctil >=6d R Ciprofloxacin

foxitin == G4 1E Meningitis »=q Teloxitin =4 IE Meningitis n=4
‘Cefditoren Other =4 R Cefditoren Other >=4 R
Cefixime S R Levoflaxacin >=§ R Cefixime =4 R Levofloxacin >= 4
Cefotaxime Moxifloxacin >=g R Cefotaxime Moxifloxacin = 8 R

Meningitis >= 64 R Minocycline ) ) Meningins >=fd R Minoeyeline {-) {=}

Other >= 64 R Tetrhcyoling ) e Other == 64 R Tetracyeline (-} =)
Ceftazidime =64 R Tigecycline @ Ceftazidime = G4 R Tigecycline 1 -
Cefiriaxone Fosfomycin Cefiriaxone Fosfomycin

Meningitis >=64 R Oral 128 R Meningitis =64 R Oral =1 —

Other —d R Other 128 R R PPPPPPPPPPPPPPPPPPPE) POOT oy P CTTPPPY PPPPPPIY PIOLLC, <=16 s )
*Ceftazidime/Avibactam 4 O Nitrofurantoin Mo AVBASR v eneeb e iS e dieennne Burevas, JHitrofuramioin
Ceftolozane/Tazobactam | >=32 | R thlora.mphenicol >= 64 IE S0t wba ol | oAt et 2 Chlf:-ra_mphcnicoJ 1 = I'E.. 5
Cefepime >=32 R Colistin >=16 {® Costopstn =2 : colsn___ — S
Azireonam == 64 R g:l?‘:;tﬁ;::io]e >=320 R A eonenl =% = ;&Eﬁ?ﬁ:xn:zo le - Q’




Avixvevon mapaywync Kapponevepaocwyv ota
EvtepoBaktnprakd: mAnpodopiec and to aviLoypoppo

KPC / ESBL +/- [Caz-avi S] MBL OXA-48
MBL / ESBL + [Caz-avi R] ESBL negative ESBL negative

OXA-48 [/ ESBL +



Avixvevon pnxaviopwv avioyxnc: CRE

Clinical breakpoints and screening cut-off values for carbapenemase-producing

Enterobacteriaceae (according to EUCAST methodology) Phenotypic methods
MIC (mg/L) Disk diffusion zone diameter —  cerrsiEe dfak tee
Carbapenem (mm) with 10 pg disks methods
S/| breakpoint Screening S/| breakpoint | Screening cut-
cut-off off = colorimetric assays
Meropenem® <2 >0.125 >22 <28? based on hydrolysis of
Ertapenem’ <0.5 >0.125 >25 <25 carbapenems

1Best balance of sensitivity and specificity
2 . . . i 9990*9900*9099 ;?
Isolates with 25-27 mm only need to be investigated for carbapenemase- OW oO@ss 70 o
E 3 |3 ° \.J |

production if they are resistant to piperacillin-tazobactam and/or temocillin

(temocillin contributes more to the specificity). other methods detecting

Investigation for carbapenemases is always warranted if zone diameter of carbapenem hydrolysis
lateral flow assays

meropenem is <25 mm.
3High sensitivity but low specificity. Can be used as an alternative screening agent,
but isolates with ESBL and AmpC may be resistant without having carbapenemases.

EUCAST guidelines for detection of resistance mechanisms and specific resistances of clinical and/or epidemiological importance. Version 2.01. July 2017



Avixvevon pnxaviopwv avioyxnc: CRE

@ ovoTuTiKog aAyopLlOpoc yior aviyvevon mopaywync
kapBanevepacwyv ota EviepoBaktnplaka

Meropenem <28 mm with disk
diffusion (or MIC >0.125 mg/L)

in all Enterobacteriaceae s Exception:
meropenem 25-27 mm AND
piperacillin-tazobactam=I/S:
\_ no further testing
I | 1 1
8 N ' ™ 4 B
Synergy with Synergy with boronic Synergy dipicolinic p—
boronic acid only acid and cloxacillin acid only Sy
\ 4 N N J
|
[ ) (AmpC (ch N [ 3 Temocillin S
mpC (chromosoma - . emocillin S:
KPC (or other class A or plasmid-mediated) Metallo-B-lactamase Temocillin R2: ESBL plus porin
carbapenemase) : (MBL) OXA-48 |
L J L plus porin loss L 3 0SS

|

Use of the modified cloverleaf
(Hodge) test is _
_not currently recommended

as results are difficult to
interpret, the specificity is poor,
and in some cases the |
sensitivity is also suboptimal

!Combination of several carbapenemases can also contribute to no synergy — e.g. MBL and KPC in combination.

Molecular testing is usually necessary in such cases

2High-level temocillin resistance (>128 mg/L, zone diameter <11 mm) is a phenotypic marker of OXA-48

EUCAST guidelines for detection of resistance mechanisms and specific resistances of clinical and/or epidemiological importance. Version 2.01. July 2017



KPC MBL Non-KPC, Non-MBL

Journal of Antimicrobial Chemotherapy (2008) 62, 1257—1260
doi: 10.1093/jac/dkn364
Advance Access publication 4 September 2008

First occurrence of KPC-2-possessing Klebsiella pneumoniae
in a Greek hospital and recommendation for detection
with boronic acid disc tests

Athanassios Tsakris'*, Ioulia Kristo?, Aggeliki Poulou?, Fani Markou?,
Alexandros Ikonomidis? and Spyros Pournaras?
JOURNAL OF CLINICAL MICROBIOLOGY, Feb. 2009, p. 362-367

0095-113709/508.00+0  doiz10.1128/JCM.01922-08
Copyright © 2009, American Socicty for Microbiology. All Rights Reserved.

Vol. 47, No. 2

Evaluation of Boronic Acid Disk Tests for Differentiating KPC-Possessing
Klebsiella pneumoniae Tsolates in the Clinical Laboratory”
Athanassios Tsakris,'* loulia Kristo,” Aggclikl Poulou,’ Katerina Themeli- Dlgalakl
Alexandros Tkonomidis,” Dimitra Petropoulou,” Spyros Pournaras,” and Danai Sofianou®

JourNaL OF CLINICAL MICROBIOLOGY, Nov. 2009, p. 3420-3426
0095-113709/$12.00  doi:10.1128JCM.01314-09
Copyright © 2009, American Socicty for Microbiology. All Rights Reserved.

Vol. 47, No. 11

Use of Boronic Acid Disk Tests To Detect Extended-
Spectrum B-Lactamases in Clinical Isolates of KPC
Carbapenemase-Possessing Enterobacteriaceae’

Athanassios Tsakris,'* Aggclliu Poulou,” Katerina Themeli- D:galak: Evangelia Vou]gan
Theodore Pittaras,' Danai Sofianou," Spyros Pournaras,” and Dimitra Petropoulou®

Journal of
J Antimicrob Chemother 2010; 65: 1319-1321 AntlmlcrObIUI
doi:10.1093/jac/dkq124 Advance Access publication 15 April 2010 Chemotherapy

Inhibitor-based methods for the detection of KPC carbapenemase-
producing Enterobacteriaceae in clinical practice by using
boronic acid compounds

Spyros Pournaras®, Aggeliki Poulou? and Athanassios Tsakris3*

JOURNAL OF CLINICAL MICRORIOLOGY, Aug. 2011, p. 2804-2809 . ( ): -9. Vol. 49, No. 8
0095-1137/11/512.00  doi:10.1128/JCM.00666-11 2011’49 8 2804 9
Copyright © 2011, American Socicty for Microbiology. All Rights Reserved.

Comparative Evaluation of Combined-Disk Tests Using Different
Boronic Acid Compounds for Detection of Klebsiella pneumoniae
Carbapenemase-Producing Enterobacteriaceae Clinical Isolates”

Athanassios Tsakris,'* Katerina Thcmch Digalaki,’ guhkj Poulou,'” Georgia Vrioni,'
Evangelia Voulgari,' Vasiliki Koumaki,' Antonella Agodi,*
Spyros Pournaras,® and Danai Sofianou®

BJCM 2013;51(9):2986-90.
A Combined Disk Test for Direct Differentiation of Carbapenemase-
Producing Enterobacteriaceae in Surveillance Rectal Swabs

Spyros Pournaras,® Olympia Zarkotou,** Aggeliki Poulou,** loulia Kristo,* Georgia Vrioni,* Katerina Themeli-Digalaki,”
Athanassios Tsakris*

I JCM  2014;52(5):1483-9.

ASMorg

Modified CLSI Extended-Spectrum [3-Lactamase (ESBL) Confirmatory

Test for Phenotypic Detection of ESBLs among Enterobacteriaceae
Producing Various [3-Lactamases

gg Poulou,® " gia Vrioni,* Vassiliki Koumaki,” Theodoros Pittaras,” Spyros Pournaras,®
Athanassios Tsakris®

Department of Microbiology, Medical School, Unaversity of Athens, Athens, Greece®, Department of Microbiology, General Hospital of Serres, Serres, Greece'



@oawotuniki aviyvevon kappamevepaocwv ota Eviepofaktnplaka:
XPNON AVACTOAEWV KOPBATEVENAOCWV

CDT CDT

KPC+MBL

KPC MBL



dowvotunikn aviyvevon kappBanevepocwyv ota Eviepofaktnplaka

Mewpévn evalobnoia oTig KapBamevEUEG

AAyopiBpog
OPVNTLKOG

-ty -'Idrslﬁ? 7
ESBL (+)

VIM(-) | KPC(-) |OXA48(+) |CTX-M(+) |TEM(+) |NDM(-) |SHV (+)




E. coli
Antimicrobial MIC | Interpretation | Antimicrobial MIC lllltl'l!l’etlﬂo.. l

ESBL POS + +| Ertapenem 0.25 S X I
Temocillin 2| imipenem <=0.25 S |

Urine >=32 R +| Meropenem H 1

Otber _ >=32 | Meningitis <= 025 s :
Ampicillin >=32 R s Other <= (),25 S —r 1
Amonicillin/Clavalanic Acid = R T T g s [rass e |
Piperacillin/Tazobactam >= |28 R Gentamicin <= | S ‘
Cefuroxime >= 64 R Tobramycin <= | S ;
Cefuroxime Axetil >= 64 R Ciprofloxacin

Cefoxitin <=4 IE Meningitis 05

Cefditoren Other 0.5 I

Fime >=4 R Levofloxacin I I

Cefotaxime Moxifloxacin 0.5 R

Meningitis >=64 R |Minocycline 3 0

Other >=64 R Tetracycline (=) (-)

Ceftazidime 32 R Tigecycline <=05 S
Ceftriaxone Fosfomycin
| Meningitis >=64 R Onl <= 16

Other >= 64 R Other <= |6 S
Ceflazidime/Avibactam <=0.12 S Nitrofurantoin
Ceftolozane/Tazobactam 8 R Chloramphenicol 16 IE
Cefepime >=32 R Colistin <= 05 S
Aztreonam =64 R Trimethoprim/ >= 120 R
Sulfamethoxazole

(<= Susceptibility testing pot recommended; species Is a poor target for therapy 1E= Insufficient Evidence that species Is good target for therapy: MIC

may be reported without



@owvotuniki aviyvevon nopoywyng KappBamnevepocwyv ota Eviepofaktnploka

XpwpotopeTplkeéc pEBodoL (colorimetric tests)

Carba NP Test

R 14
Carbay
;?Q‘ sr T flo
: EE— | SR -
(6] O/ 1N \’pH

COOH
Carbapenem %& COOH
Imipenem G Acid production Colorimetric
detection
Red Yellow
phenol red
(a)
Carbapenemase

No carbapenemase production

(1) Revealing solution
(internal negative control)

(2) Revealing solution + imipenem

(b)

e Larpapenemase proaucers

gm|

el

READING AND
INTERPRETATION

@0 @0
NP0 N@o

POSITIVE @red @ jyollow @rd @ovnge O red @ ongered

]
NP o

| NEGATIVE _SCTER- TN

Sensitivity: 73—100% for most carbapenemases
Performed poorly for OXA-48 enzyme

Nordmann P, Poirel L, Dortet L. Emerg Infect Dis. 2012;18:1503-7.

Dortet L, Poirel L, Nordmann P. Antimicrob Agents Chemother. 2012;56:6437-40.
Dortet L et al. J Antimicrob Chemother. 2015 ; 70):3014-22.

Kabir MH et al. J Antimicrob Chemother. 2016 ;71:1213-6.

Noél A et al. J Clin Microbiol. 2017;55(2):510-518

Pasteran F et al. J Clin Microbiol. 2015 ;53(6):1996-8.

Blue-Carba Test

indicator bromothymol blue

Test Negative
Solution Control




Screening test: Carbapenemase Inactivation Methods (mCiM/eCIM)

The Carbapenemase Inactivation Methods A

(mCiM/eCIM) are Currently Recommended by CLSI

(a) Tryptic Soy Broth

(b) mCIM

Serine Carbapenemase \Metallo-R-lactamase
Positive Control Positive Control Negative
Control

Incubate 4 hours (35°C)

(d) eCIM

Serine Carbapenemase Metallo-R-lactamase  Negative
Positive Control Positive Control Control

(c) Tryptic Soy Broth
+ EDTA

Incubate 4 hours (35°C)

5§

meropenm susceptibls

oo
¢ o il @3

eCiM: 2ml TSB + EDTA

Tamma PD, Simner PJ. J Clin Microbiol. 2018;56(11):e01140-18.
https://asm.org/Articles/2019/May/Opening-the-Black-Box-Phenotypic-Carbapenemase-Det

van der Zwaluw K et al. PLoS One. 2015;10(3):e0123690

Yamada K et al. J Microbiol Methods. 2016;128:48-51.
Tijet N, Patel SN, Melano RG. J Antimicrob Chemother. 2016 ;71(1):274-6.

Result interpretation




Vitek reports

Bionumber: 0201010103500210
Organism Quantity:

Selected Organism: Acinetobacter baumannii complex

mme ey

Organism Quantity:

Selected Organism: Pseudomonas aeruginosa

Colistin S results / Gram negative bacilli: perform an alternative method of testing prior to reporting results,

Antimicrobial MIC | Interpretation Antimicrobial MIC Interp :-fe.t_a.i.iﬂl.i' Comments:
ESBL Mmipenem >=16 o
Temoeillin Meropenem 1
Ampicillin (-) (-) Meningitis >=16 R : Identification Information
Amoxicillin/Clavulanic Acid b, Other >=16 [ R_____ |Organism Origin Technologist
Piperacillin/Tazobactam >= |28 IE Amikacin >=64 R . Pseudomonas acruginosa
Ceturorime o = Gentaraicin S 1% R Selected Organism
= y - A X Entered: Sep 15,2023 13:42 EEST By: LabTech
. e Axerl () &) Aobpautyitd e Analysis Messages:
Cefoxitin ) () Ciprofloxacin >=4 R
Cefditoren Levofloxacin 4 R
Cefixime ) ) Moxifloxacin B! ) Susceptibility Card: AST-N318  |Lot Number: 7582293203  |Expires: Mar 7, 2024 12:00 EET
oot o 7 Minceyclioe 3 IE Information Status:  Final Analysis Time: 927 hours  |Completed:  Sep 15,2023 22:42 EEST
Ceﬁa.?.idimc &) 0 TgtmcyC!ine (@] ) Antimicrobial MIC Interpretation Antimicrobial MIC Interpretation
Cefiriaxone ) ) Tigecyeline 2 IE +Ampicillin () tMeropenem 3
Ceftazidime/Avibactam F c.psfomycm : o) ) Ampicillin/Sulbactam Meningitis >= 16 R -
Ce ﬂoi_ozaneﬂ" azobactam Nitra ﬁ”“"‘”“? ) ) Piperacillin Tazobactam >= 128 R b, Other >=16 R ;
Cefepime O] o) Chiluramghe el O @, Cefoxitin Amikacin >=64 R
Aztreonam (-) (-) Colistin <=05 P S = —
- - i +Ceforaxime (=) Gentamicin >= 16 IE
Ertapenem Trimethoprim/ >=320 @ e . -
Sulfumethoxazols Cefiazidime >= 64 R Ciprofloxacin >=4 R
n Ceflriaxone (-) (-) Levofloxacin >= 8 R
Result reading + ‘o .
Turbid = growth = positive Clear = absence of growth = negative CE,ﬁDlOZﬂanTaZ&] bactam TIECCyClII‘IE (_) (_]
2 ; Cefepime >=64 R Fosfomycin (-) ()
‘ - Azlreonam >=64 R Colistin 2 (rg )
g +Ertapenem ) Trimethoprim/ ) ‘(_‘)"
MIC:RNSTCL[MMH LAA AR RN LR R NN EEREEE SRR SRS REESNREEREEEERENRESENEREERSERESES:SS;;; Sulfamclh:jxa?lolc
r Imipenem >= 16

Colisti

Easy reading of the MIC with the UMIC Bax

Report on the provided results shea

L R N R NN R



P. aeruginosa KoL ovtoxXn OTLC KOPPBOTTEVEUEC

Multidrug-resistant (MDR)
Pseudomonas aeruginosa

AvTAisgg
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OXA
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-50 -198)
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IMP

NDM
SPM
GIM, AIM,
FIM




P. aeruginosa kal (pAIVOTUNIKN avixveuon MBL

A€V UTLAPXOUV ITPOTUTIOTIOLNULEVEC SOKLUAOLEC

H anddoon efaptdrat arnd
o upeBodoloyia

(DDST, CDT, Etest MBL)
B-AOKTOULKO UTIOOTPWHAL

Ou 6okipaocieg otnpifovratl otn
XPron XNALKWVY opayoviwv

EDTA, MPA, DPA , ,
€L00C¢ Tou avaoToAEQ

TTOCOTNTA TOU OVOLOTOAEQ
XOPOKTNPLOTLKA TWV

O O O O

OTEAEXWV

All phenotypic combined disk tests lacked either sensitivity
or specificity for the detection of MBL in P. aeruginosa



EDTA 292 pg (10 pl EDTA 0.1 M)

Ad >4 mm EDTA 292 ug

EDTA 750 pg, Ad = 6 mm 5ul MPA 1.4 M

100% SN ko SP y | "
DPA 250 pg

DPA 835 ug, Ad 25 mm
SN=93,2% SP=97,1%

For P. aeruginosa the MBL
Etest® as well as disk-based
assays have been used for
several decades,

but are hampered

by poor specificity.

IP/IPI >8
T[(XpOUGl.a Zer] q-c])OLV'EOLG P-a EUCAST guidelines for detection of resistance mechanisms and specific

resistances of clinical and/or epidemiological importance

napapoppwon twv eAAeiPewv IP f IPI
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Review

The Revolution of Lateral Flow Assay in the Field of
AMR Detection

Hervé Boutal !, Christian Moguet 12, Lilas Pommiés !, Stéphanie Simon 1, Thierry Naas 23,4

and Hervé Volland '+
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Detection of
multiple analytes Small |
e TAT: 15- such as proteins, ¥ Vg;zmzmp &
30min One-step assay haptgns or
nucleic acids
[ ) Not specific

Visual qualitative

stor_a g€ (g.g. interpretation
refrigeration) e Results can be

semi-quantitative
or quantitative
with a reader

e Accessible to
remote areas

LFIA performance relies mostly on antibody affinity and specificity
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3
2
=

orld Health .
rganization an ideal PoC test
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7
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Affordable

D . Q
Deliverable Sensitive

ASSURED

F Eq",jgfge A CRITERIA i pescrfi c @

Rapld & User-
@ % Robust friendly Dl

PBC

Se: 98% S
o Del Corpo O et al. Clin Microbiol Infect.
Sp: 100% 2023 sep 16:51198-743%(23)00425-1.



EviepofBaKtnplakd HE HELWMEVN evaloOnoia
OTLC KOLPBATTEVEUEC

ApvnTiko
1
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Evnképwan NEA

Méavi anwAsila mopvwv
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AAAN KapBanevepdon;
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Monoplex format

Multiplex format
(one test line)

Multiplex format
(Five test lines)

Lateral flow assay formats

Strip structure Immunological detection Results
v The control line appears: the tost is correct
Sempls A tedle | Mbsmcmemsde Flow direction Sl saniies

¥ No test line: negative test

v No control line: invalid result

Sample Conjugate Nitrocellulose  Absorption pad Migration by caplliarity

pad pad
¥ The control line appears: the tost is correct
Sample  Labelied Immobilized Antibodies recognizing ¥ The test line appears: positive test for at least one target

specific specilic labelled antibodies
antibodies antibodies (Control line) ¥ No test line: negative test

Flow direction
(Test line)
;a:‘ / g ¥ No control line: invalid result
h g - -

Sample Conjugate  Nitrocellulose  Absorption Migration by capillarity

pad pad
¥ The control line appears: the test is correct
Immobilized
¥ One or several test lines appear: positive test for the
Samp Labelled  specific Antibodies recognizing
' specific ontibodieson labelied antibodies OorTesmOncing tet
antibodies nitrocellulose (Control line) Fiow direclion
(Test lines) / ¥ No test line appears: negative test for any target
Sk TS v No control line: invalid result
. 2 \ \ g
L]

Sample Conjugate  Nitrocellulose  Absorption pad Migration by capillarity
pad pad

Boutal H et al. Diagnostics. 2022; 12(7):1744.



ACCESSORIES TO ACCELERATE RESIST RANGE RESULTS

PRODUCT NAME
RESIST-BC

ReSCape

DESCRIPTION
Reagents kit for blood culture

1 RBCL solution, 1 MS buffer, 1 Washing buffer

Culture reagent kit on rectal swab

20 CProBE MEDIUM tubes, 2 Selective Mix vials, 2 Water \

Targets Technology Product Other identifications
Beta Lactamases Electrochemistry BL-RED 25
Lateral flow OXA-48 K-SeT
Lateral flow O.K.N.V.I. RESIST-5 KPC, NDM, VIM, IMP
Lateral flow RESIST-3 0.0.K. K-SeT  0OXA-163-like, KPC
OXAAE-MS Lateral flow RESIST-3 O.K.N. K-SeT KPC, NDM
Reagents RESIST-BC Carbapenemases: KPC, NDM, VIM, IMP, OXA-40/58
Reagents ReSCape Carbapenemases: KPC, NDM, VIM, IMP, OXA-40/58
Lateral flow O.K.N.V.I. RESIST-5 OXA-48-like, NDM, VIM, IMP
Lateral flow RESIST-3 0.0.K. K-SeT  OXA-48-like, OXA-163-like
KPC Lateral flow RESIST-3 O.K.N. K-SeT  OXA-48-like, NDM
Reagents RESIST-BC Carbapenemases: OXA-48-like, NDM, VIM, IMP, OXA-40/58
Reagents ReSCape Carbapenemases: OXA-48-like, NDM, VIM, IMP, OXA-40/58
OXA-163-like Lateral flow RESIST-3 0.0.K. K-SeT OXA-48-like, KPC
Lateral flow O.K.N.V.I. RESIST-5 OXA-48-like, KPC, VIM, IMP
Lateral flow RESIST-3 O.K.N. K-SeT  OXA-48-like, KPC
NDM Reagents RESIST-BC Carbapenemases: OXA-48-like, KPC, VIM, IMP, OXA-40/58
Reagents ReSCape Carbapenemases: OXA-48-like, KPC, VIM, IMP, OXA-40/58
Lateral flow RESIST ACINETO OXA-23-like, OXA-40/58
Lateral flow OXA-23 K-SeT
i Lateral flow RESIST ACINETO OXA-40/58, NDM
Lateral flow O.K.N.V.|. RESIST-5 OXA-48-like, KPC, NDM, IMP
ViM Reagents RESIST-BC Carbapenemases: OXA-48-like, KPC, NDM, IMP, OXA-40/58
Reagents ReSCape Carbapenemases: OXA-48-like, KPC, NDM, IMP, OXA-40/58
Lateral flow O.K.N.V.l. RESIST-5 OXA-48-like, KPC, NDM, VIM
IMP Lateral flow IMP K-SeT
Reagents RESIST-BC Carbapenemases: OXA-48-like, KPC, NDM, VIM, OXA-40/58
Reagents ReSCape Carbapenemases: OXA-48-like, KPC, NDM, VIM, OXA-40/58
Reagents RESIST-BC Carbapenemases: OXA-48-like, KPC, NDM, VIM, IMP, OXA-40/58
Carbapenemases )
Reagents ReSCape Carbapenemases: OXA-48-like, KPC, NDM, VIM, IMP, OXA-40/58
Reagents RESIST-BC Carbapenemases: OXA-48-like, KPC, NDM, VIM, IMP
OXA-40/58 Reagents ReSCape Carbapenemases: OXA-48-like, KPC, NDM, VIM, IMP
Lateral flow RESIST ACINETO OXA-23-like, NDM
Group 1 (CTX-M-15,...) Lateral flow RESIST CTX-M Group 9 (CTX-M-14,..)
Group 9 (CTX-M-14,...)  Lateral flow RESIST CTX-M Group 1 (CTX-M-15,...)



Se: 98 -100%
Sp: 100%

Additional reagents for
sitemative wmples

Sample 51001, RESIST-BC

1002, n SCape

rn-:wm
\hwsug—

g; |vu @F&g 'NHL »sg‘
mﬁm J
@® ®

Wareham DW, et al. J Clin Microbiol. 2016;54:471-3.
Pasteran F, et al. J Clin Microbiol. 2016;54:2832-6.
Glupczynski Y et al. J Antimicrob Chemother. 2017;72(7):1955-1960.
Greissl C et al. Eur J Clin Microbiol Infect Dis. 2019;38(2):331-335.
Song W et al. Ann Lab Med. 2020;40(3):259-263.

Sadek M et al. Diagn Microbiol Infect Dis. 2022;104(4):115761.
Bouvier M et al. Diagn Microbiol Infect Dis. 2023;107(3):116043.




AViXVEUON KapBanevepaocwv o€ oTEAEXN Acinetobacter

N = 174 well-characterized carbapenemase and non-carbapenemase producing isolates belonging to various
Acinetobacter species

149 A. baumannii, 11 A. pittii, four A. radioresistens, three A. ursingii, two A. calcoaceticus, two A. nosocomialis, one
A. bereziniae, one A. Iwoffii and one A. junii.

Overall sensitivity and specificity:100% and 96%
PPA and NPA 91% and 100%.

Negative test OXA-40/58 + OXA-23 + NDM +

S Ao A G After exclusion of A. pittii and A. radioresistens
results, sensitivity, specificity, PPA and NPA were
100%.

OXA-40/58 + OXA-40/58 + OXA-40/58 + OXA-23 +
OXA-23 + NDM + A. pittii A. radioresistens
A. boumannii A. baumannii

Bouvier M et al. Diagn Microbiol Infect Dis. 2023;107(3):116043.



Selective medium* 18-24H

Stool / Urine / Biological samplesl

' NG-Test CARBA 5

Posmve blood culture

‘ NG-Test blood culture Prep
0 min

Operating procedure from bacterial culture

t 100 L

IDENTIFICATION PROCESS FROM DIRECT BLOOD CULTURE:

imL of mL of
Lysis Buﬂ‘el washing Buffer

20—-40 min protocol

[r— e

(enlr:fu tion

lhen discard the
supernatant

Centrifugation
then discard the
supernatant

(Y 5-10 min

Bodendoerfer E et al. ) Antimicrob Chemother. 2019;74(6):1749-1751.

Positive blood
culture
(1-5 days)

1mL of positive
Blood culture

NG<TEST7CTX-M Multi

Rapid detection of Extended Spectrum
Beta-Lactamase (ESBL)

NG-TEST7/CARBA-5

¥
K

Se: 100%
Sp: 100%

Se: 97 -100%
Sp: 95-100%

Bernabeu S et al. Diagnostics
(Basel). 2020;10(10):764.
Bianco G, et al. J Hosp Infect.
2020;105(2):341-343.

Boattini M et al. Eur J Clin Microbiol
Infect Dis. 2021;40(7):1495-1501.

Boutal H et al. J Antimicrob Chemother.
2018;73:909-15.

Han R et al. Front Microbiol.
2021;11:609856.

Volland H, et al. Antimicrob Agents

L] Y, -
Chemother. 2019;64(1):e01940-19. NG<TEST/MCR-1

Rapid detection
of Colistin resistance 4’6}9

Se: 100%
Sp: 100%

Se: 100% 2PPA: 100%

Sp: 100%

2NPA: 96.1%,

Volland H et al. J Clin Microbiol. 2019;57:e01454-18.
Fenwick AJ et al. J Clin Microbiol. 2020;58(4):e01823-19.



LFIA kot aviyvevuon ¢opewv amevBeiac amo to deiypa

J Antimicrob Chemother. 2019 Feb 1,74(2):357-359. doi: 10.1093/jac/dky429. Microorganisms. 2021 Apr 27;9(5):942. doi: 10.3390/microorganisms9050942.

Lateral flow immunochromatographic assay for rapid = Detection of KPC, NDM and VIM-Producing
screening of faecal carriage of carbapenemase- Organisms Directly from Rectal Swabs by a Multiplex
producing Enterobacteriaceae Lateral Flow Immunoassay

Charlotte Fauconnier ', Magali Dodemont 2, Angélique Depouhon *, Ahalieyah Anantharajah !, Alexandra Vasilakopoulou ', Polyxeni Karakosta 1, Sophia Vourli ', Eleni Kalogeropoulou !

Alexia Verroken 1, Hector Rodriguez-Villalobos Spyros Pournaras |

Each sample was tested by CARBSA-5 five
times:

Residual rectal swabs (n=149), routinely screened for
CPE through selective culture and confirmed by PCR

i » Direct testing
{ « Incubation in TSB for 1h, 2h, 3h, 4h

nrichment medium containing mer nem
ECETENL e @eniE & meropene TSB enriched with 0.25mg/l meropenem

i Protocol: 2.5h incubation of the swab in an
i followed by O.K.N. K-SeT testing after centrifugation.

! Strains: 82 OXA-48, 22 NDM, 5 KPC, 1 IMP, 7 VIM, 3
OXA-23

Detected: 76 OXA-48, 19 NDM, 5 KPC
Sensitivity: 96%

Specificity: 100%

LoD: 104-10° cfu/ml

. Concordant results from LFIA
i and PCR: 11 KPC, 8 VIM, 6 NDM.

| 88% (1h incubation)

i 92% (2h incubation)
100% (3h incubation)
Specificity: 100%

i [In five cases, co-carriage of KPC
i and VIM]

[ e e e



Xpwpoyova VAka

Purpose: more rapid detection and identification of MDRO

The target organisms are characterized by specific enzyme systems that

metabolize the substrates to release the chromogen.

The chromogen can then be visually detected by direct observation of a distinct

Advantage

colour change in the medium (coloured colonies).
Compared with the use of conventional culture media, the use of chromogenic Mass use and the possibility of automatisation
Simple to perform

agar often reduces the costs and labor time.

Simple and fast interpretation

Their primary use is for screening of patients colonized with various pathogens.

Disadvantage Comments

The sensitivity and specificity depend on the manufacturer and the type of

Qualitative with no

TRk compabty interpretation

microorganism detected susceptible and specific L PRSTOR
Tim?-consuming
Additional confirmation of the resistant bacteria is sometimes needed. Limited spectra or

single antibiotic
Relatively expensive
Screening only or
required confirmatory
identification

No MIC value

Gajic | et al. Antibiotics (Basel). 2022;11(4):427. _—

; g - )




Xpwpoyova eKAeKTIKA VALKA yio CRE

CHROMagar KPC,
Colorex KPC (CHROMagar)

Cream, translucent

=  Melovektnua: EAAeLPn evaoOnoiog

=  AuokoAla avamtuéng oTEAEXWV UE
MIC<4 pg/ml

* [lpoPAnUOTIKN N avixveuon
oteAexwv MBL kat OXA-48

Nordmann P et al. J Antimicrob Chemother. 2013; 68(3):487-9.

ChromlID Carba (bioMérieux)

-
E. coli: 1.'0
pink ® .. = SN:92,4%,SP:96, 9%
to burgufidy & © = IkavoThTa avixveuonc
" OTEAEXWV HE XapnAéc MICE
I -E coli = , .
(NOM-1) = YnAOtepn tkavotnta
e avixveuonc yia KPC-otelé
KESC gfoup: X ey XN
to bluish-grey KPC (o€ unAo kot o€
o e ° XapnAé inoculum)?
x - YnAdtepn kavotnta
c® nAGTepn N
aviyveuonc NDM-oteAexwv3
Kpneumomgf

Proteae: dark brown to brown

1. Vrioni G, et al. J Clin Microbiol. 2012; 50(6):1841-6.
2. Wilkinson KM, et al. J Clin Microbiol. 2012; 50(9):3102-4.
3. Perry JD, et al. J Antimicrob Chemother. 2011; 66(10):2288-94.

ChromID OXA-48
(bioMérieux)

Incubation : 18 hours
K. pneumoniae OXA-48

CHROMID®
CARBA SMART Agar




Xpwpoyova eKAeKTIKA VAKA yio CRE

Liofilchem® Chromatic CRE
Brilliance™ CRE (Oxoid)

Klebsiella
, Enterobacter
= XoapnAotepn SN Serratia
gvavtL tou ID Carba Citrobacter
yla TNV avixveuon Acinetobacter
NDM-oteAexwv .
E. coli

= Yrepoyn €vaviLtou
CHROMagar KPC
(43%)

= [lapopoia SP

Brilliance™ ESBL Agar/
Brilliance™ CRE Agar

Day KM, et al. Diagn Microbiol Infect Dis. 2013; 75(2):187-91.
Girlich D, et al. Diagn Microbiol Infect Dis. 2013;75(2):214-7.

OXA-48 positive Enterobacter cloacae



‘EAeyxoc popeiog yia CRE: kaAAlepyntikec peBodot

.........................................................................

Home-made tpuBAia MacConkey agar: . H emidoon tng kabe pedodou

" Meg EVOWHOTWHEVN KOPPATIEVEUN - eaprataL:

1 ’ i n { A
" KOvOTIOLNTLKY Evatcdnoia : EMUNESO QVTOXNG OTLG

= Me dlokoug KapPBarmevewy: : KopBaEevEEG
= udpoAucn AAAwWV B-AoKTopWY
(baopa)

" mapoucia AAAWVY UNXOVIOUWV

= SN/SP efaptwvtal amnod to 0pLo

" Me 6lOKOUG + OVOOTOAEIG:  cooeeeeieeeeeeeeee e e

- aViXVEUO-n + 6Lacl)OpOT[Oir]Cﬂ] e e
Pournaras S, et al. J Clin

Xpwpoyova UALKA Microbiol. 2013; 51(9):2986-90. QVTOXNG :
= chromID CARBA / chromID OXA-48, bioMérieux = yewypadlkn epLloxn, BaktnpLoko
*  YYnAn evawoBnoia kat eldkdTNTA eldog, Selypa, xpovo enwaong, :
= Brilliance CRE, Oxoid HEBobdo avadopdg, oplopud
= |KkavormoLlntikn evatobnoia kat eldkotnTa aANOWE BETKAVY, ...

= CHROMagar KPC/ Colorex KPC, CHROMagar

JUyKpLoN LEAETWV-UEBOS WV
= AvixveUeL oTeAEXN e VP NAOU emmESOU avtoxn '

: 5UOKOAN



peptidoglycan cell wall structure

MRSA

mee gene complex  cor gene complex

closs B L)
] ¥ eerfl]
Tipe 1 {18}
ENCTC104) i
X B
IS4I A mech! [Direct repast
Methicillin-Sensitive Staphylococcus aureus (MSSA) Methicillin-Resistant Staphylococcus aureus (MRSA) “d' class & ] ol

10 ik

PBP2a/PBP2c encoded
by mecA or mecC genes

Methicillin-susceptible Methicillin-resistant
S. aureus (MSSA) S. aureus (MRSA)

orfX \ mecA orfX
SCCmec

— 1
Integration of ‘
MRSA

staphylococcal cassette chromosome mec
(SCCmec)

Q

mecA T

Uehara Y. Current Status of Staphylococcal Cassette Chromosome mec (SCCmec). Antibiotics. 2022; 11(1):86.



Disk diffusion

FOX <22 m

IMRSA strain

Cefoxitin (CX) : Resistance 7 7

CEFOXITIN: a very sensitive
and specific marker of
mecA/mecC-mediated
methicillin resistance
including in heterogeneous
expressing strains

and is the agent of choice.

Pouwvotunikeg pEBodot

Broth microdilution

I————— |
—‘-T—

Organism Quantity:

Selected Organism: Staphylococcus aureus

$.aureus - Mupirocin: ECOFF
Ci

Identification Information

Organism Origin

Technologist

Selected Organism

Staphylococcus aureus

Entered: Oct7,2023 17:56 EEST By: LabTech

Analysis Messages:

Snsceptibitity [Card:  AST-P65 |Lot Number: 8092252103 |Expires: Jan 26, 2024 1200 EET |
[information [status:— Final | Analysis Time: _ 848hours | Completed: _ Oct 8 2023 02:22 EEST
Antimicrobial MIC Interpretation Antimicrobial MIC Interpretation
AGefipiin Sewesn PRI N S E 2 s
Benzylpenicillin >=0.5 R Daptomycin 0.25 S
Oxacillin >=4 R Teicoplanin <=0.5 S
Cefiaroline Vancomyein <=0.5 S
Pneumonia 0.25 S Tetracycline <=1 S
Other 0.25 S Tigecyeline <=0.12 S
Genamicin <=0.5 S Fusidic Acid 8 R
Levofloxacin >=8 R <=1 S
Inducible Clindamycin NEG Rifampicin <=0.03 8
Resistance
Erythromycin 0.5 s Trimethoprim/ <= 10 S
Sulfamethoxazole
Clindamyein 0.25 S

Detection of PBP2a with
latex agglutination kits

*PBP2c is not detected by
the majority of
commercial assays

Chromogenic media

_—

A




‘ ‘ CHROMID® MRSA ChromID S. aureus/ Brilliance™ MRSA 2 Brilliance™ MRSA 2 Agar/
SMART, bioMerieux ChromID MRSA, bioMerieux Agar, Oxoid Brilliance™ Staph 24 Agar

Xpwpoyova eKAEKTLKA VALKA yia MRSA

MRSA Select,
Bio-Rad ChromAgar MRSA

Storage for incubation Room temperature 2-10°C; dark

Variable CHROMagar [43] BBL-CHROMagar [43] CHROMagar MRSA [35]
Sensitivity (%) 82-93 83-94 96-100

Specificity (%) 97-99 98-99 95-97

Turnaround time (h) 24-48 24-48 24-48

Storage for incubation 2-8°C; dark 2-8°C; dark 2-8°C; dark

Variable MRSASelect [35] Brilliance MRSA agar [43] ChromliD [43]
Sensitivity (%) 81-93 90-96 83-94

Specificity (%) 92-97 69-87 90-96
Turnaround time (h) 18-24 18-24

Room temperature

Harbarth S et al. Int J Antimicrob Agents. 2011;37(2):110-7.
Nonhoff C et al. Eur J Clin Microbiol Infect Dis. 2009 Apr;28(4):363-9.
Malhotra-Kumar S et al. J Clin Microbiol. 2010 Apr;48(4):1040-6.



@awotumikeg nEBodot yia aviyvevon tov MRSA

. On . :
Phenotypic inci Brief Advan- No. and Type Major
Method Principle of Cul!u!'elon TAT! tages/Disadvantages of S. aureus Diagnostic Reference
Used the Method Clinical i Anlyzed 2 Rk arnanie 3
Sample
Sensitivity
X 72 MRSA 100% ”g
Selective + Easy to perform 28 MSSA Specificity 28]
Chromogenic lmu;dm, ] Nasa]_sf«f:abs, - and interpret, 78.6%
media i el o - low-cost Sensitivity
detection e identiication e 789% - (29)
MSSA Specificity I
41.3%
Colorimetric
assay, MTT + Easy to perform, Sensitivity
: dye as rapid, low-cost 21 MRSA 100% ~
Rapid BMD  idation- S 7R _largervalidations 19 MSSA Specificity i
reactions needed 94.7%
indicator
23 S. aureus
Disk L eNsEEsEEEEsEEsEsEEsEssEsEEsEEEEsEEEEEEEE . tested for CA 97.8% mEs 131]
Pseie Disk i+ Easy to perform, several 1.9% VME 0.3% )
Mueller  : diffusion Positive 68h:  rapid, low-cost antibiotics
Hinton rapid : withshorter  blood culture : — Larger validations TAT 17h
agar incubation needed 20 MRSA shorter, better &=
L 50 MSSA therapy 32
de-escalation
Sensitivity
24 MRSA 100% (33]
313 MSSA Specificity s
100%
) ‘E + Easy to perform, Sel;gg:,”w
; diffusion Positive B oo iy ki Specificity 34]
o e : with shorter  blood culture S di;n:g:rsg:r?:;g;;\s - 9‘?%)/‘5’ ATU
incubati H .5%
. tneubation o less demarcated e
AN NN NSNS NN NN NN EEEEEEEEEEEEEEE . &nsltl\'lfy
100%
9 MRSA g -
212 MSSA S 35]

0.4% ME 0.5%

Sanchini A. Diagnostics (Basel). 2022;12(1):208.



@awotunikeg pEBodol yia aviyvevuon tov MRSA

On

Phenotypic T Brief Advan- No. and Ty Major
Methog rh::anlagtl;:df ng:{i‘lm TAT! tages/Disadvantages  of S. m.qreul;e Diagnostic Reference
i Sample e Anlyzed 2 Performance 3
Sensitivity
72 MRSA 97 2% (28]
+ Automated, rapid, 28 MSSA Specificity -
Turbidimetric it e
> monitoring 41 meerpretation 27 MRSA
VITEK 2 . Culture — Fixed range of resistant to MEs 85.2% [36]
of bacterial h . 3
th testable antibiotics, linezolid
o less accurate for line- 28 MRSA with
zolid/vancomycin = wi
e S avancomycin MEs 46.4% [37]
MIC >72
Turbidimetric + Automated, rapid,
and standardized 642 S. aureus ,
BD Phoenix colorimetric Culture 6}}6 interpretation analyzed for 53,,9] ‘93" 3’13[::,? [38])
growth — Less accurate for  SXT resistance 7o MITES Qo
detection SXT
+ Automated,
flexible, detect
heteroresistance and 107 S. aureus
Automated y
Copan WASP d mixed cultures tested for v
Colibri d.fdrlsl»_‘. Culture 16 h = Shisild be seraial CA 99.9% [39]
iffusion compared with antibiotics
standard disk
diffusion
Sensitivity
100%
Single-cell - Au_toml.;_teld, . 32?}[33: g gcffﬁg [17]
e e, Feative rapid, identification %.5%
noTest fluorescent in Hiked cultuse 7h pid, ide
BC situ hy- and AST in the same Sensitivity
bridization platform 22 MRSA 100% [40]
2 MSSA Specificity
100% ~
Particles with + Rapid, easy to e
PBP2a latex mo;\oclonla[ per';orm and 95 MRSA Se&sg;l ty
agglutination  antibodies, Culture 5m interpret 10 MSSA Specifi c';’w [41)
assay aggluhr_\atlon — no B[’Zc 77 8%, °
reaction detection

Sanchini A. Diagnostics (Basel). 2022;12(1):208.



Moplakég pEBodot yra aviyvevon tov MRSA amnevBeiag ano to deiypa: napadsiypata

On Culture/

Molecular Principle of il 1
Method Used  the Method °’;§:;;:“' sy
: o 1h
Real-time
®
XPlfft ]SA PCR for o
A%a mecA/C, spa
Complete = o i samples
(Cepheid) & scomec-orx :
1.7h
Real-time
Xpert ® -
PCR for Positive
MRS:/ .80 mecA/C, spa blood
saey and cultures
(Ceptisle) SCCmec-orfX
Real-time
M’é’;’:ﬁ % PCR for
SSTI mecA/C,spa BALsamples 68m
; and
Ko SCCmec-orfX

=

- On Culture/ Brief Advan-
Molecular Principle of o 1 :
Mattiod Used die Mithsd on Clinical ~ TAT tages/Disadvantages
Sample +H—
: I;S‘iggf : + Can analyze 350
Hologic : aosty) samples in 8 h
Panther Fusion : chemistries Nasal <3h — Need comparison
®MRSA f°; ;;f“::f :  samples with a similar
’.SCLC mec-orfX ,5 method
Real time
MRSA /SA PCR for Souty + Accurate
ELITe MGB mecA/C and a tlzléheranll <Ah — Do not target
assay (ELITech- S. aureus ; BAL SCCmec-orfX
Group) specific aspre, junction
sequence
Se 86-98% LAMP i
Sp 90-95% Eazvolex ® targeting S. Positive :12 ts;lﬁ:r
p IU-957% Ly aureus, S. blood 1h -
epidermidis, cultures o ¢
mecA/C optimization for
CONS

123456789012345
12345678

e it Nomeiex ———._ =
H. e — = =2

—
- ﬁ

Sanchini A. Diagnostics (Basel). 2022;12(1):208.



VRE, pNXaVioOC OVTOXNG: TPOMOTOoinon 6ToXov dpaong

Vancomycin-Susceptible Enterococci

Vancomycin-susceptible enterococci Vancomycin
make cell-wall precursors that have
high affinity for vancomycin.

- -D-Ala-D-Ala

wall synthesis

X=>

1

Tripeptlde containing intermediates
in cell-wall synthesis

Inhibition of cell-

Vancomycin-Resistant Enterococci

Vancomycin-resistant enterococci, in the presence
of vancomyecin, make cell-wall precursors that

have low affinity for vancomycin. Vancomycin

-D-Ala-0-X
Cell-wall
synthesis

| 1
=
-]

| l I

YUvBeon memtiboyAukavng mou pEPEL

L-Ala-0-Glu-L-Lys-o-Ala-o-Ala —

D-ala-D-lactate

TIAEUPLKEC TIEVTATIETTLOLKEC (VanA, VanB, VanD)

aAUGOLOEC IOV KATAANYOUV O€ :> D-ala-D-serine

3/

Vancomycin

Activator

|

I
Sensor and regulator
activates vanHAX operon

(VanC, Vank,
VanG, VanL, VanN)

Cleavage of p-Ala-o-Ala
Vancomycin | p-Ala-p-Ala | |pentapeptide — tetrapeptide

sensitivity — I I
E_D_Q m-ﬂ-ﬁ-ﬂ

[ [

mnH van vanX — vany'

Frrr ]

Pyruvate
Vancomycin
: = nuﬁla resistance
D-Aia-n-Lac synthesis
‘vancomycin resistant

Nature Reviews | Genetics



” Glycopeptide resistance due to van-type gene clusters

ol Type

Aquired Intrinsic
Resistance High Variable Moderate Low Low
level
VanA VanB VanD VanE VanC
MIC in mg/L:
Vancomycin =16 >4 =64 6-32 2-32
Teicoplanin >8 0,5-1 4-64 0,5 0,5-1
Expression Inducible Inducible Constitutive/ Inducible/ Constitutive/
Inducible (vanD2) (Constitutive) Inducible
van ligase gene vanA vanB[-B3 vanD |-5 vanE vanC|-C3
Modified target p-alanine-D-lactate D-alanine-D-lactate p-alanine-p-lactate p-alanine- p-alanine-p- p-alanine-
D-serine D-serine
Conjugative Yes Yes No No No
transfer
Location Plasmid/chromosome Plasmid/chromosome Chromosome Chromosome Chromosome on  Chromosome? Plasmid Chromosome
on transposon(s) + transposon/ICE® possible ICE
Distribution Enterococcus faecium Enterococcus faecium Enterococcus faecium  Enterococcus  Enterococcus faecalis Enterococcus  Enterococcus Enterococcus
Enterococcus faecalis Enterococcus faecalis Enterococcus faecalis faecalis Non-enterococcal gallinarum
Enterococcus avium Enterococcus casseliflavus  Enterococcus avium - vanC|
Enterococcus casseliflavus Enterococcus durans Enterococcus gallinarum Enterococcus
Enterococcus durans Enterococcus gallinarum  Enterococcus raffinosus casseliflavus
Enterococcus gallinarum Enterococcus hirae Non-enterococcal — vanC2/3

Enterococcus hirae
Enterococcus mundtii
Enterococcus raffinosus
Staphylococcus aureus
Bacillus circulans
Oerskovia turbata

Arcanobacterium haemolyticum

Paenibacillus
Rhodococcus

Staphylococcus epidermidis
Streptococcus
Clostridium

Ruminococcus
Eggerthella

faecal flora

Hegstad K et al. Clin Microbiol Infect. 2010;16(6):541-54.




Avixvevon VRE: nopadeiypata

M£0060¢ SLaxuong Twv diokwv Tawvieg Stafadpopévng
' OUYKEVTPWONG
QVTLBLOTIKWV

Isolates must not be
reported susceptible
before 24 h incubation

Confirmatory testing with PCR or
sharp zone edges report resistant even if the zone diameter is 2 12 mm

|

The European Committee on Antimicrobial Susceptibility Testing. Breakpoint tables for interpretation of MICs and zone diameters. Version 14.0, 2024. http://www.eucast.org.



Avixvevon VRE: nopadeiypata

Autopatonolnptéva cuoTipaTa

Bionumber: 532047265773771

Organism Quantity:

Selected Organism: Enterococcus faecium

Antimicrobial MIC Interpretation Antimicrobial MIC Interpretation
Cefoxitin Screen Moxifloxacin ) =)
Benzylpenicillin () (-) Inducible Clindamycin

Resistance
Ampicillin >=32 R Erythromycin ) )
Oxacillin Clindamycin ) 0
Imipenem >=16 R Quinupristin/Dalfopristin 4 R
Gentamicin High Level SYN-S S Linezolid 1 s
(synergy)
|Streptomycin Hrch Level SYN-R R Daptomycin
L nergy) | ) le=sssssssssssssssssssssssss
Gentamicin Teicoplanin
Ciprofloxacin Vancomycin
Urine >=8 R Tigecycline
Other >=8 Trimethoprim/
Sulfamethoxazole

Broth microdilution

&, /

Moplakég pEBodol ansvBbeiog and to deiypa

VanA or VanB resistance in 20
min, from rectal swabs,
blood culture

_ or as culture confirmation

0303456789012345
12345678

VRE Cepheid Xpert® vanA/vanB

VanB SN=77.6%

@wm SN= 87.1%, SP=99.7%, PPV=98.0%, NPV=97.7% .

;—- The savmg of time to results corresponded to 141

Holzknecht BJ et al. New Microbes New Infect. 2017;16:54-59.
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Development and validation of a lateral flow immunoassay for rapid
detection of VanA-producing enterococci

Saoussen Oueslati*?t, Hervé Volland®t, Vincent Cattoir (2 “, Sandrine Bernabeu?, Delphine Girlich®,
Ducan Dulac?, Marc Plaisance?, Maxime Laroche®, Laurent Dortet™#*, Stéphanie Simon® and Thierry Naas (& *%°*

O 0 e =
&) diagnostics

Article
Rapid Detection of VanA/B-Producing Vancomycin-Resistant
Enterococci Using Lateral Flow Immunoassay

Saoussen Oueslati 21, Camille Gonzalez 2!, Hervé Volland ***(0, Vincent Cattoir (", Sandrine Bernabeu ',
Delphine Girlich 2, Duncan Dulac 3, Marc Plaisance ?, Laure Boutigny 5, Laurent Dortet 205,
Stéphanie Simon * and Thierry Naas "*(

Wi

(a)

— y 2-3 over-night colonics
ChromID* VRE MH-vanco-6 .

MH
P
@

- = 0

Vortex, $°  mim) v {._.
1 uL loop full of ; i ot
UriSclect™ 4 Columbia agar B I::':rh 100 pl. EB-50 YU U
|
i
Chocolate D-Coccoscl Vortex. §
agar agar ’
®) \ 100 pl. EB-50
O 2
q i *
el 10,000 rpm v
BHI  VRE
Broth

They may also be used from
positive blood cultures, given
a 3.5 h sub-culturing step in
the presence of a 5-ug
vancomycin disk

B
y
MH-vanco-6
= i
ChromID" VRE
2L boop full of 300 . Iyis bffer
bacteria + Lysia
MH, around vancomycin Vortex, §°°
disks

C
& . .
' |? v 5. ’

L

VRE  BHI
Broth *
30 pg
Vancomycin
disks

Se: 100%

Sp: 100%

;
:

\_ 200 L. ysis buffer
* Lyvis

B i

1;'-;rr'!



Xpwpoyova eKAekTIKA VAKA yiot VRE

chromID® VRE,
bioMerieux

Brilliance VRE®, Oxoid C.hr?matic VRE, ChromAgar® VRE
— Liofilchem
/..-*,f i N V7 N PN

= yapnAn mukvotnta VRE ota kompava

Wy r. Napadyovteg mov ennpealouv thv evalcdnacia
S |
s

= Otav n avayvwon yivetat otig 24 h (vs 48 h)
= yapunAEg TipEg MIC otn vancomycin (VanB datvotumoc)
= SN 25-75% (MIC <16 mg/I) vs 100% for MIC >32 mg/I.

»

TABLE 2 Comparison 396 specimens (combined data)

N e
-
by
Q\u—iﬁ

Performance (% [95% CI])®

Medium Sensitivity Specificity PPV NPV
BEAV broth 98.0 (94.7-98.0) 100 (98.9-100) 100 (96.7-100) 99.3 (98.3-99.3)
Enterococcosel (BEAV)  84.8 (80.9-84.8) 100 (98.7-100) 100 (95.3-100) 95.2 (93.9-95.2)

InTray Colorex VRE
chromID

VRESelect
HardyCHROM VRE
Spectra VRE

91.9 (86.9-94.8)
94.9 (91.0-95.9)
91.9 (87.8-92.9)
89.9 (85.6-90.9)
93.9 (89.9-94.9)

98.3 (96.6-99.3)
99.7 (98.3-100)
99.7 (98.3-100)
99.7 (98.2-100)
99.7 (98.3-100)

94.8 (89.6-97.9)
98.9 (94.8-99.9)
98.9 (94.4-99.9)
98.9 (94.2-99.9)
98.9 (94.7-99.9)

97.3(95.7-98.3)
98.3 (97.0-98.7)
97.4 (96.0-97.7)
96.7 (95.4-97.0)
98.0 (96.7-98.3)

Suwantarat N et al. J Clin Microbiol. 2014;52(11):4039-42.
Wijesuriya TM et al. J Clin Microbiol. 2014 Aug;52(8):2829-33.

Bile-esculin-azide agar +
6 mg/L vancomycin

—

—
—
=
AR

Ta XpWHOYOVO UTLEPEXOUV EVOVTL
tou BEAV: SN 89.9-93.9% vs 84.8%
ArntoteAéopata Staboipa 24-48 h
vwpltepa

ErttAdoyn cUpdwva pe:
g€UKOALQ SLAKPLONG ATIOLKLWY,
alomioTia, KOOTOG, OVAYKN
emPBeBalwTKWV SOKLULACLWV



Candida auris

Matrix-Assisted Laser Desorption lonization W““MJ\“ Ld
(MALDI) Time-Of-Flight (TOF) i
Mass Spectrometry . ‘l 2

J'M‘ .'T*,JJ'.LJ..‘u“‘-i.u_‘\uvl,,ml..;,,, - . 3

System analysis time to ID result:
95 isolates + 1 QC sample ~5 min

MALDI target
~0. -y Detection
Analytes g
£ W
3 -~ .
' 8 miz 5
=2 A v ... oo im0 oo [
2
©
Q'.' . g ©o00 o
90 Lo lge §
Cocrystallization with matrix © O =
&
— o — § =
v — gc tr?cﬁel generator = >
=0T E — e ==
Electrostatic field I i =
T Haks_ _—
o : % ﬁa T - b B iifhens e AVITER W3 nequnsen fiaten |
-

Laser desorption/ionization Acceleration and flight

Yoon EJ, Jeong SH. MALDI-TOF Mass Spectrometry Technology as a Tool for the Rapid Diagnosis of Antimicrobial Resistance in Bacteria. Antibiotics (Basel). 2021;10(8):982.



Sample Preparation I = Positive Blood
Method Sauips Typs /—-_N\ I Culture alert
" . .
- .
g I|I '||
DIreCt ID -g 1 e i _':} ——— _.._=:'"'-—-__=4u. Blood sample I
°
©
m
_F]
IDENTIFICATION 14
ol
Mechanicall g
echa n icall 5 IVD MALDI Biotyper® with  MBT STAR®
Chemical Lg Rapid MBT Sepsityper® Resistance testing ~ 60 min
Disruption o AST 1D 15-20 min from PBC
T s MBT HT Subtyping IVD Module
Protein R e.g. KPC detection
Extraction 3 at the same time as ID
- TYPING
1 & 15- 20 min & 30- 60 min
E Identification and Resistance Testing
Concentration & resistance marker
3 % BIOMARKER detection MBT STAR®-Carba /
3 o ; MBT STAR®-Cepha
Protein i W DETECTION MBT Sepsityper® Phenotypic detection of
Extraction ¢ ? under same day microorganism D carbapenemase and
O o from blood culture in critically ~ cephalosporinase activity
develppmen + ill patients
Urine samples ) : IVD MALDI Biotyper®
- \__/ Covering thousands of species
MBT HT Subtyping IVD Module
Resistance marker detection at the
MALDI-TOF MS same time as ID




=< T S \.5. % \ \ 9

MALDI-TOF MS-based rapid diagnostic methods for AMR

’ Commercialized (Company) a
Strategy Target Target Resistance sl Blesdloping Poadisls Ref.
. : MBT-ASTRA (Bruker) )
Astiileiin . A All antimicrobials MBT-Resist (Bruker) [22,24,25,70,71]
susceptibility testing  shift spectra (isotope) DoT-MGA 2 (inv. 3) {
g i Clone-specific spectra Methicillin (MRSA) ClinProtTools (Bruker) [72]
q clonal group
- ' Beta-lactams MBT STAR®-BL (Bruker)
elxlr:l)h?t:\:?:orbr:gld :;zd Sri:\lcf::ili)fei::l( gf.ltlhe Cephalosporins MBT STAR®-Cepha (Bruker) [40,73,74]
& & Carbapenems MBT STAR®-Carba (Bruker)
> ID of the modified Shift peak of the e : " ; \
antimicrobial target modified drug target Catmhn i 1975
Direct detection of the 1 - AprodeteTM KPC-CPE
AR At s Protein-specific peak Carbapenems (Aprilis) [55] 9
Biomarker detection Protein-specific peak Carbapenems ClinProtTools (Bruker) [64,76] N
I AUC, area under curve. 2 DoT-MGA, Direct-on-Target Microdroplet Growth Assay. 3 inv., under investigation.
VN &Vl 0T
- -
Ne '

Yoon EJ, Jeong SH. Antibiotics (Basel). 2021;10(8):982.




s, [a]

b 88881

Indos. [a.u]

15888

MALDI-TOF Mass Spectrometry kot aviXveuon avtoxng

Identification of the KPC producer

ECO_TF-3 0/C7 M5, Baseinsubimsied, Smoothed

_— T’ - e —_ Antimicrobial drug

ﬂ \ o 206 | DA iy ora0n
; /M{‘L '\-‘\_\JMJ K‘"‘Jﬂ,}%f\v] oy i MM

20000 26000 W00 W0 300 N0

i

beta-lactamases Direct detection
Porin defects of AMR determinants

Direct detection
of AMR determinants

Efflux
pumping

Direct detection

The modified antibiotics of AMR determinants § Identification

4N EEEEEEEEEEEEEEEEEENER

change their molecular *Identification . of the modified drug target
weights. .0f the modified drug dentification of colistin
AMR IS identified by ' resistance through the
detecting the peak shift ' detectionlof modified
using the MALDI-TOF MS E€hromosome - lioid A
e - )/ . : : 1p!

methodology Identification of integrated associated

the antimicrobial-resistant clonal group Identification of
MALDI-TOF MS protein Identification of the biomarker with an indirect connection to AMR
fingerprints of well- the biomarker, non-AMR determinants
known AMR

clonal groups
Yoon EJ, Jeong SH. Antibiotics (Basel). 2021;10(8):982.



MALDI-TOF Mass Spectrometry kot aviyvevon ovtoxng

®
MBT STAR 'Carba IVD Assay 2 Bacteria with active
C i 3 carbapenemase will inactivate the
_ . e carbapenem antibiotic by
species on in antibioti . ]
bues et [ @ hydrolysation of the R-lactam ring,
with assay*
which is associated with a
culture plate 30 min incubation detectable mass shift.
é or positive (60 min for 4
SoOu CEEe Acinetobacter spp) In assays with bacteria without
9 m— active carbapenemase, only peaks
E f corresponding to the intact
result report to —
pliyscan [ varc conitiGatn/ antibiotic will be present in the

supernatant

mass spectrum.

Sensitivity 93.9%
specificity, 100%

5 In assays with bacteria with active
target praparation
using supernatant carbapenemase, peaks of the

Sample Speciés | controiin Carba

Sample | Klebsiella pacumoniac confirmed 1.09

intact antibiotic will decrease.

Sample 2 Klcbsiclla pacumoniac confirmed 098

Samplec 3 Escherichia coli confirmed 002

ncg control : not performed 003 R 0] R\ro

pos.control not performed 1.09 H

[ h oo H H :
HNOY 9 g N HN
CH: carbapenemase CH’ -CO,
— ——
N CH, ™ L3epa ~ 0=\ HN CH, "~ aps
O e H H
H H

A controls 147

Se: 100%, Sp: 100%

Hydrolyzed'
_ . Del Corpo O et al. Clin Microbiol Infect.
Non-hydrolyzed
2023 Sep 16:51198-743X(23)00425-1.




MBT STAR®-Cepha IVD Assay

MALDI-TOF Mass Spectrometry kat aviXvevuon avtoxng

=

O

Positive blood culture®
or culture plate

Optional species ID
before / in parallel

(control ID) with assay*

Bacteria suspension in
antibiotic solution

30 min incubation

MALDI target plate
preparation

MALDI-TOF MS spectra
acquisition and automated
data analysis by MBT STAR-BL

IVD Module

A -~

@ 1 hour

Se: 94%
Sp: 97%

Del Corpo O et al. Clin Microbiol Infect.
2023 Sep 16:51198-743X(23)00425-1.

Hydrolysis of B-lactam ring leads to mass shifts that can easily be
detected by MALDI-TOF mass spectrometry

G)’“'\’ H R N’(’ H

A Cephalosporinase gf '

7 g .‘ / ““\‘ O 7.
O~ "OH

+ 18 Da

confirmed 1.14
confirmed -0.55
not performed -0.10
not performed 1.04




MALDI-TOF Mass Spectrometry kat aviXveuon avtoxng

MBT Subtyping IVD Module

Quick detection of bla,,. expressing K. pneumoniae and E. coli

*A peak in MALDI-TOF mass spectra of
KPC-producing K. pneumoniae, related to
the plasmid carrying blayp (pKpQIL).

This peak at 11,109 m/z is clearly
detectable in MALDI-TOF mass spectra.

Prerequisite for the automated detection process is the
successful ID.

The MBT HT Subtyping IVD Module then looks for the bla,
related peak in the sample spectrum and, if present, the
software will report this sample as a KPC positive one.

KPC detection of K. pneumoniae and E. coli includes only strains
with a bla,,. pKpQlIL plasmid.

If the gene expression rate is low, there will be no characteristic
peak and no KPC subtyping alert.

Cultivation media and conditions might suppress or induce a
signal at m/z 11,109 which is not related to a KPC resistance.
Therefore, Columbia Agar with 5% sheep blood agar must be
used for cultivation of K. pneumoniae and E. coli.

Lau AF et al. J Clin Microbiol. 2014;52(8):2804-12.
Youn JH et al. J Clin Microbiol. 2016;54(1):35-42.



MALDI-TOF Mass Spectrometry Kot aviYvevuon avtoxng
MBT Subtyping IVD Module

Bacteroides fragilis cfiA subtyping

A cluster of B. fragilis, (division Il), carries the cfiA gene
encoding a MBL.

o8

The intrinsic gene is overexpressed when an insertion

sequence is integrated upstream of the gene, providing 1672 R
a strong promoter. Then, cfiA MBL confers resistance 021 3 .. "“‘f
against nearly all beta-lactam drugs to the bacterial BFe .. ; | .

host. 15470 L | ,
Through an extensive screening of B. fragilis, the cfiA- 1547¢ = ‘: l ' I

positive division Il strains were distinguished from the

cfiA-negative strains by spectral shifts between 4000—

Iy r |
| | 1 i y:h
02 QYA I\ 11

5500 m/z, and the results were satisfactory. i ) WA

N\..” \‘\\ j ,’/ L
After successful identification, the MBT HT Subtyping DTN ke A \ N\
IVD Module looks for specific peaks associated with the - 7 o — ——
protein expressed by B. fragilis cfiA positive strains. (b)

d ‘t al.J Memlcrobiol. 2011;60(Pt 11):1584-1590.



Applications of MALDI-TOF MS for specific AMR detection

Organism Antibiotic Year (Reference)
E. coli Polymyxins 2018 [122]
E. coli Colistin 2019 [123]
_— . Beta-lactams (ESBL-producing isolates) 2019 [124]
ebsiella pneumonine
Staphylococcus aureus Novobiocin
S. intermedius Polymyxin B 2019 [125]
S. pseudintermedius Acriflavine
S. aureus Methicillin 2019 [126]
Candida auris Echinocandins 2019 [127]
Balit ":r :;?t;‘;:;’,:ggag'is Carbapenems (carbﬁ?t;:;;?:producing isolates) 2019 [125]
S. aureus
Enterobacteriaceae Carbapenems (carbapenemase-producing isolates) 2019 [129]
Enterobacteriaceae Carbapenem 2019 [130]
Pseudomonas aeruginosa Beta-lactams (MBL) 2019 [131]
Enterococcus faecium Vancomycin 2019 [132]
K. pneumoniae Carbapenems (carbapenemase-producing isolates) 2019 [133]
Acinetobacter baumannii Colistin 2020 [134]
K. prfellz(::;niae Merope(;:rfr?,tg;]:;ﬂoxacin 202085
S. aureus Oxacillin (methicillin)
e L 201z
K. pneumoniae Meropenem
Enterobacterales Imipenem/ Relebactam 2020 [137]
S. aureus Methicillin 2020 [138]

Kaprou GD et al. Antibiotics (Basel). 2021;10(2):209.



MALDI-TOF MS approaches for AMR detection in S. aureus

l No. and .
MALDLTOF  Principle of On Cl.'l“'\.ll’e] . Bne.f Advantages/ Type of ’Ma]or i
System Used the Method on Clinical ~ TAT Disadvantages gl Diagnostic Reference
Sample - »  Performance ?
Analyzed
Bioth\rzlAl;elCA 21 peaks to s Use a combination Seg:té:lty
Eyic B Bruk discriminate Culture of peaks 181 S. aureus S .‘fi.‘:tv [64]
FREm(DAIE! o iRCATMESA - ~ Low specificity pecie
Daltonics) 7 71.4%
Peptide + Sensitive for
Bioth;ALr[glC A PSM-mec and Fein SCCmec type 11, 111
S 'ster':uC(Bruker 5-toxin peaks Culture m and VIII 35 MRSA Sensitivity 40% [65]
Y Daltoni for MRSA — Not adapted for
Wiiwics) identification other SCCmec types
Peptide —
MALDI p— Sensitivity
Biotyper®CA  FoM-mec Few tCecodspedificly 54 ypca 60.2%
G peak for Culture — SCCnec types of Sosies [66]
ystem (Bruker m . 106 MSSA Specificity
Daltoni MRSA isolates unknown 100%
Onics)  jdentification -
MALDI m/z 4594 *b?gr‘s::ﬂr“;ﬁ‘“‘ Sensitivity
Biotyper ®CA peak for Few L 2 36 MRSA 83.3% =
System (Bruker MRSA Culture m .HZ" ber:st::' o 31MssA Specificity (67]
Daltonics) identification mcepencente 96.8%
data
support
vector e\
machine O :fc;en‘;t:snanon Sensitivity
VITEK MS algorithm to Few 194 MRSA 84.0%
; — 8
(BioMérieux) identify 38 il m o NeOR VS 28 MssA Specificity (6]
aka b classification m 88.0%
dispceriminate needs optimization )
MRSA/MSSA
_— i —
4 @ %
wolpper A porMIcK blood 6h — Could be iy g (69]
System (Bruker | —— 14 MSSA Specificity
Dalionics) cultures optimized for 100%
additional antibiotics ‘
- Sensitivity
VITEK MS 20 MRSA 100% =
(BMaian) POrMGH Cutitrne Sh = Lol ke 20 MSSA Specificity (70)
optimized for 100%

additional antibiotics

Sanchini A. Diagnostics (Basel). 2022;12(1):208.



Detector

) i
MALDI-TOF-MS

Loy _,--.‘ ) ) ' Protein
;e Gm}:l)?l?gfj!}ccms . identification/in
identification i depth analysis

|
m/z ? Biomarker
f ﬂ l“.l mﬂll analysis/profiling

Method Advantage Disadvantage

=

High cost of the
MALDI-TOF MS
Need further
optimisation for each
species and antibiotic
combination

Low sample volume requirements ~ No MIC value

Low per-sample costs

:%:

MALDI-TOF MS Rapid turnaround time

Field free drift region

Simple to perform

No staining

Separation: Time Of Flight (TOF) tube

\ Pulsed UV Laser

p|914 21181504193} §

lonization

Electrostaticfield
| (Acceleration) |

Gajic | et al. Antibiotics (Basel). 2022;11(4):427.






Moprakec pEBodot: ano tnv PCR octo mNGS

Gene(s) amplification + amplicons detection

Single / Multiplex Endpoint PCR

TARNNEERE

URRARVORNE

aling
Tagpolymerase  MixBuffer  PCR Tube
e
[7] [
&
Koy | 12°G - Syniesis

\{%9 4 = Synthesise new strand 3. Extension
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N s |
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g2

200
To0
00
00
400b
300 bp
200 bp
100 bp

Awadikaoia epywdng
Kivbuvog emipoAUvoswy

Single / Multiplex Real time PCR

Multiplexing and miniaturization
of the hybridization step

PCR / hybridization o€ microarray

Epumopika
SLaBsoeg
HEBOSOL pe:
autopatomnoinon
TLOAUTTAEKTIKOTNTA
OTOVTOPLOMEVA

MPWTOKOAAQ

-~ I
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' % Sequencing _;

G
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quality control
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| 1 | B | 2 | > | I 23 4
{ Vi /
O—@—@— @
= 0 \ N
Sample pre- 1 ‘{ S 1 Sequencing } { Bioinformati
processing preparation |
ARTATCCCCCG
— T EE——— CCCCEGG
I o CGETATCTT,
ARTATCCCECS
T— S — [£elelelalclcy AATATCCCCCGGTATCTT
I - CGGTATCTT,




The basic workflow of molecular-based techniques for AMR detection

--------------------------------------------------------
““““
- 03

Real- time PCR (qPCR)

:(A)

Fluorophore quencher

I‘“ o
Target DNA %VG/’/ Target DNA C U) iR
arg

Vi N /
: Tt Bound probe
H Forwardfprimar / ké—l,\ ‘3\ ,f?‘"
. Taq polymerase Flé phore. ™ Guencher = ] Bound probe

I
primer

(8)

Fluorescence

Cycle number

= measurement of data in real-time
= greater sensitivity

* reduced risk of contamination

= greater amenity to multiplexing

= many systems are partially or even
completely automated

-
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y ..
-----------------------------------------------------

Clinical specimen
[ Microbiome J | Whole genome ]

<, ~{/\) o
{? Genetic analysis [/,
- \J~ j
”"' EEEEEEEEEEEEEEEESR
Hybridization-based

_oo.: o.: | Assembly

[ 1]
L Annotation \

Resistance genes
databases

Isothermal
amplification

Next-generation sequencing

-

Single-gene
detection

Multiple-gene
detection

Resistome/Resistance profile

Gajic | et al. Antibiotics (Basel). 2022;11(4):427.



looOepLKEC LOPLOKEC MEBOSOL KAl aviyveEuon aVvTOXAC: apadeypa

Loop-mediated isothermal amplification technology and a real-time PCR platform
No DNA/RNA extraction necessary

Amplification

eazyplex®, Amplex

- = =%z TAT=20-30 min
| / Sample: swab, culture
e 40000 — Je’ /
20000 / /-/
o - NDM X X X
h ViM X X X
00:02.00 00:04:00 00:06:00 - f::i(ii:ss) 00:10:00 00:12.00 00:14:00 KPC x x x
eazyplex® SuperBug CRE R 2 X
. -M- -\M- OXA-40 X X
ESBL genes: (ETX M-1 and CTX-M-9 group OXA-51, OXA-23- -40- and -58-like
TAT= 15-20 min OXA-58 X
_ _ . and NDM
Direct screening from rectal swab and urine ) ) OXA-181 X X
) ) - in 15 minutes
Confirmation from positive BC and agar plate IMP X




Moplakec pEBodol kol aviyveuvon avioxng: mapadeiypota

Xpert® Carba-R, Cepheid

TAT: 48-minutes

i f
Insert swab el Ly Insert
; the Sample :
into Sample Reagent @B | 1 cartridge
Reagentvial [§2 to tﬁe & 'TT& and start
and vortex ——— sl test =
l 1
Targeted genes Asiypa
OpBLKOC

KPC, NDM, VIM, IMP, OXA-48

(covering OXA-181 & OXA-232) TALHEIEE

ATtoLKLEG

2Metanalysis of 17 studies involving 15,972 samples
Pooled Se= 95%, Sp=99%
In high-risk populations: Se= 99%, Sp=98%

1. Khoo BY et al.J Clin Microbiol. 2023;61(9):e0031623.
2. BaiYetal. J Mol Diagn. 2021;23(11):1534-1544.

Check-Direct CPE® assay, (Checks pomts)

@ara TAT: 2 h
! '&'@:ﬁ ' (+DNA extraction)

Targeted
Technology/ instrumentation

KPC, VIM, Rectal swab  Two-step ligation-mediated multiplex real-
- NDM, Strains time PCR amplification — micro array
OXA-48 hybridization / non-dedicated platform

: 867 samples from 627 patients (Reference method: culture + PCR)
CPO assay Se=95.7%, SP=96.5%, PPV=60.8% and NPV=99.8%
Xpert assay

Se=97.9%, Sp= 99.8%, PPV=95.8%, and NPV=99.9%

The CPO assay: useful when handling many specimens, as tests are
conducted in batches. _
Positive cases showing high Ct values should be confirmed by another

assay to rule out false positivity.

Yoo Y et al. Diagn Microbiol Infect Dis. 2022;103(3):115716.



Epnepkn

JUMBatTIKA vs. Taxeia dtayvwon

Whole Blood
Coliection (4 mL)

T2Bacteria Panel
PANEL

Sensitivity: 95%
Specificity: 98%"

E. foecium
S. aureus

NDM /VIMAMP
CIXM 14715
AmpC{CMY/DHA)

K. pneumoniae
P. geruginosa
E. coli

SPECIESSPECIFIC RESULTS
Enables targeted therapy

T2Candida Panel

Sensitivity: 91%3
Specificity: 99%>

Candida albicans
Candida tropicalis
Candida krusei System o n.dt;du[e
Caondida glabrata - Con i B Ay PG

+ Touchscreen monitor
Candida parapsilosis

A

RBC Lysis _Filtrat

Accelerate Pheno™ System

Luminex

 Antibiotic

Susceptibility
Testing

Bacteria Culture ﬂ. |‘ |Mlcroorganism
Idenllﬂca!lon
! Ji§ i | MALDI TOF Ms
E v Subtyping
Clinical =
Specimen

MALDI Sepsityper
VITEK MS blood culture kit

FIsH Probes [l * Micros

Pon epyaoiag
= MOPLOKWV
HEBOSWV

Aldyvwon
ZTOXEUMEVN
aywyn

el=




‘IlIllllllllllllllllllll.
MALDI-TOF MS identification . Molecular methods for

from positive blood cultures using E identification

short sub-culture on solid medium 3 from positive blood cultures

4EEEEEEEEEEEEEEEEEEEEEERY®

ADVANTAGES LIMITATIONS ADVANTAGES LIMITATIONS ADVANTAGES LIMITATIONS

Direct MALDI-TOF MS identification
from positive blood cultures

L Y
Reduced diagnostic

accuracy for polymicrobial
Rapid identification

) Identification High cost cultures
Very rapid difficulties with Narvians .
identification some species Ky sasy Slow-growing Rapid Confirmation Sensitivity is influenced by:
Easy toinitecrate i organisms identification needed .
Easy Confirmation might y g o the concentration of
lab workflow : -
be needed Mixed cultures Easy Limited e e e e
Low additional cost . pathogen PEEe
Mixed cultures Lo aton panels S
usually not needed nucleic acids

o the presence of PCR

inhibitors
.IllllllIllllIllllIlllllllllllllllllllllIllllIlllllllllllllllllll.- O thesamplevolume
1 DNA-based identification from whole blood .
'IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII.
ADVANTAGES LIMITATIONS

90% TWV aLTiwV pkpopLatpiog
Limited number of pathogens in panel assays

Relatively low sensitivity (only 1-5 ml blood sampled)
Resistance detection # susceptibility testing
Clinical relevance of DNAemia ?
Time advantage compared to culture
High workload
Advantage in pathogen detection under antibiotics
Highly experienced staff required
High cost
Analytical cut-offs set by some manufacturers

Does not substitute culture -based testing
Lamy B et al. Clin Microbiol Infect. 2020;26(2):142-150.



JAMA Network Open P T e T T T e O O PO C L PP OO I OO ITLCE R CRARIee :

American edical Associaion : N=17 430 adults with culture-positive sepsis

Prevalence of Antibiotic-Resistant admitted to 104 US hospitals

Pathogens in Culture-Proven Sepsis : 67% received empiric broad-spectrum antibiotics :

Inadequate and Broad-Spectrum

Empir(i]c Antibiotic Use g Is there risk associated with the receipt of empiric broad-spectrum antibiotics?

: Resistant GP isolated in
: 13.6% of patients

Table 2.

Outcomes Associated With Inadequate and Unnecessarily Broad Empiric Antibiotic Therapy?®

Outcome Inadequate vs adequate empiric therapy Unnecessarily broad vs not unnecessarily broad empiric therapy”

Resistant GN in 13.2%

: No./total No. (%) Unadjusted P Adjusted P No./total No. (%) Unadjusted P Adjusted P
: Both undertreatment

OR (95% value OR(95% value OR (95% value OR(95% value

Inadequate Adequate Unnecessarily Not

(fallure to cover empiric cI) cn broad unnecessarily cn) cn

therapy broad

OrganlsmS) : In-hospital 488/2785 2011/12 1.10 (0.98- .09 1.19 .02 1575/8405 436/3993 1.88 (1.68- <.001 1.22 .007
and overtreatment death (17.5) 388 (16.3) 1.22) (1.03- (18.7) (10.9) 2.11) (1.06-

1.37) 1.40)
(re5|5ta nt organisms : Hospital- 486/2785 2196/12 098 (0.88- .74 1.02 72 1641/8405 555/3993 150 (1.35- <001 1.12 .05
ta rgeted bUt nOt onset acute (17.5) 398 (17.7) 1.09) (0.90- (19.5) (13.9) 1.67) (1.00-

: kidney injury 1.16) 1.26)
ISOIated) Clostridioides = 207/2785 498/12 1.92 (1.63- <.001 1.19 .09 367/8405 131/3993 1.34 (1.10- .004 1.26 .04
were associated difficile (7.4) 398 (4.0) 2.27) (0.98- (4.4) (3.3) 1.65) (1.01-

: : 1.45) 1.57)

with higher mortality
after detailed risk : These findings underscore the need for better tests

: adjustment. tO rapidly identify patients with resistant pathogens Rhee C et al. JAMA Netw Open. 2020;3(4):202899.



FilmArray BCID2: 43 Targets, TAT 1 h ePlex® BCID Panels Gram-positive Organisms

GRAM-NEGATIVE BACTERIA YEAST: E
Acinetobacter baumannii complex *Candida albicans
Bacteroides fragilis *Candida auris = -
Enterobacterales «Candida glabrata _ oot L 4
Enterobacter cloacae complex *Candida krusei : , o
Escherichia coli *Candida parapsilosis = 2 1 Ttaeovova
Klebsiella aerogenes *Candida tropicalis ’ /) 20 T[aeo L Vv
Klebsiella oxytoca *Cryptococcus 6 yov o avioxneg . yova
K. 9 .. ¥ 1 L4
glet;s:ella pneumoniae group .- (C. neoformans/C. gattii) E= Crarm- NE’Q ative 0 rganisms 4 vov 16 Lo av-toxrl q
roteus spp. e YT
Salmonella spp. AMR GENES f
Serratia marcescens Carbapenemases % 0 7
Haemophilus influenzae IMP Se 97-99% 15 L7
Neisseria meningitidis KPC o, ’ '
Pseudomonas aeruginosa OXA-48-like 5 S p 96 99 A’ naeovova \
o \
Stenotrophomonas maltophilia s NDM ET—y *Huang TD et al. 7
GRAM-POSITIVE BACTERIA [ VIM into Bouch J Clin Microbiol. 2019;57(2). Fungal Organisms
*Enterococcus faecalis Colistin Resistance: mcr-1 !

*Enterococcus faecium ESBL: CTX-M ® . o
sListeria monocytogenes Methicillin Resistance VERIGEN = BIOOdStream Infectlon TeStlng PanEIS
*Staphylococcus spp. mecA/C = .
SHEh) fococelis Ao mecA/C and MRE) Gram-Positive Blood Culture Test Gram-Negative Blood Culture Test
Staphylococcus epidermidis (MRSA) (BC-GP) (BC-GN)
Staphylococcus lugdunensis Vancomycin Resistance: i
«Streptococcus spp. vanA/B ! Species Genus Species Resistance
Streptococcus agalactiae b, N eSted_ PCR Staphylococcus aureus Staphylococcus spp. Escherichia coli* CTX-M (ESBL)
Streptococcus pneumonia ‘ I ﬁ an d me |t|ng Staphylococcus epidermidis Streptococcus spp. Klebsiella pneumoniae IMP (carbapenemase)
. z B . Staphylococcus lugdunensis Micrococcus spp.* Klebsiella oxytoca KPC (carbapenemase)

.?treptococcus pregenes ' 2 . l | IFI:IEI::::::::r;LJ" Bisin curve ana IySlS Streptococcus agalactiae Listeria spp Pseudomonas aeruginosa NDM (carbapenemase)

i ,a,—\‘_ . - 3 I il . Streptococcus pneumoniae X Serratia marcescens™ OXA (carbapenemase)

===y dedicated Streptococcus pyogenes Resistance VIM (carbapenemase)
. o i . Genus
Se: 98.1% GN, 97.3% GP, 99.2% Candida platform Enterococeus fecale meca (methicilln)
Enterococcus faecium vanA (vancomycin) Acinetobacter spp
. o 8 ) itrob, |
Sp: 99.9% GN, 99.8% GP, 99.9% Candida Group i et
B Streptococcus anginosus Proteus spp.
Se/Sp yta AMR yovidia: 98.4-100/98.3-100% . e
Micro-array hybridization —— scam _
& .

» .
Salimnia_H et al. J Clin Microbiol 2016. dedicated platform



2uvépouLKn dtayvwon Kat aviyvevon yovidiwv avtoxnc:

Blood Culture Panels (positive BC bottle)
l ePlex BCID, GenMark

Verigene

FilmArray = Gram-positive = Gram-negative

Parameter BCID blood culture blood culture

Total no. of targets 27 15 14

Ability to detect presence of resistance gene Se 93.9% :
mecA v v/
vanA v 5€:30.9 NPA >99.9% ; PN
vanB v v Resistance ¢ . Resistance
blaypc Sp>98 % 4 v PPAL00% Genes *  Genes
blayom v v PPA96.2%
blagya v . . s PPA94.3% CTX-M mecA
blay, [ 28 949% v/ PPA100% | f KPC mecC
g;amp v 5 PPA 100% NDM vanA
mgrc_TM \‘; - PPA 98.9% VIM vanB

Time to result (h) ~1 IMP

OXA

Peri AM et al. BMC Infect Dis. 2022;22(1):794. : MUItIp'GXEd NAAT and a
Ramanan P et al. Clin Microbiol Rev. 2017;31(1) (ne emkapomnoinon). electrochemical detection technology

Salimnia H et al. J Clin Microbiol. 2016;54(3):687-98. : :
Ledeboer NA et al. J Clin Microbiol. 2015;53(8):2460-72. with a dedicated platform



Prospective RCT, 617 patients with BSI
Gram result reported
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1

: Timeline, hours (h) O 12 24 36 48 60 7
Control - 18h 22.3h “39h :

shesssssssssssssseas
IIIIIIIIIMII

S Rant : LRI
: Rapid multiplex PCR iA v did not differ
- (n=147) - in mortality,

- Results of the rmPCR and templated comments regarding optimal AB therapy were communicated 2 -or cost
- to the service by telephone by a lab technologist and entered into the EMR in real time
h 4 h yu u
E Raptd multiplex PCR + sl ; 20h | Less treatment of contaminants
stewardship (n= 165) .A : g - Decreased broad- spectrum
- Results were reported as above, and an ID clinician or pharmacist was paged with the result,
24/7 real-time AS team recommendations to prescribers

. Organism identification - Phenotypic antimicrobial susceptibility report v De-escalation A Escalation

Banerjee R et al. Clin Infect Dis. 2015;61(7):1071-80.
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Impact of a Rapid Molecular Test for Klebsiella pneumoniae
Carbapenemase and Ceftazidime-Avibactam Use on
Outcomes After Bacteremia Caused by Carbapenem-
Resistant Enterobacterales

Michael J. Satlin,'? Liang Chen,** Angela Gomez-Simmonds,’ Jamie Marino,2 Gregory Weston,’ Tanaya Bhowmick,” Susan K. Seo® Steven J. Sperber,*'’
Angela C. Kim," Brandon Eilertson,' Sierra Derti,’ Stephen G. Jenkins,'? Michael H. Levi," Melvin P. Weinstein,”"* Yi-Wei Tang," Tao Hong,"®
Stefan Juretschko,” Katherine L. Hoffman,'® Thomas J. Walsh," Lars F. Westblade,"? Anne-Catrin Uhlemann,” and Barry N. Kreiswirth**

N= 137 patients with CRE bacteremia

: [77% CP-CRE (65% KPC)]

2016-2018, 8 New York and New Jersey medical centers
3/8 study hospitals used the FilmArray BCID

A AlICRE bacteremia 24 h

—

P=0.009

50 h
I |

Non-PCR

0 24 48 72 96 120 144 168
Hours from blood culture collection until active therapy

1 P=0,011
N " 1

o
o>

30-day
mortality 10% with

—_ — ] 06 .
30-day mortality § 3 caz-avi monotherapy
D g4- D 94 .
24% vs 47%; vs. 31% with
P=.007 °21 " polymyxin
- ' - ' " : , : th
0 10 , 20 30 0 10 ) 20 30 mono e ra py

Number at risk i Nibbar ot Hok Days from bacteremia onset

nonPCR “ 57 € “ Polymyxin 2 24 18 10 (P= -08)

bla; PCR " “ -" _ *  Cefezidme-avbectam ' n 1. 1

l non-PCR blaypc PCR [ Polymyxin Ceftazidime-avibactam I




S¥g antibiotics ﬁu\n\py

)
L,

216 episodes of GN bacteremia, ICU

Article

Impact of an Antimicrobial Stewardship Program Intervention
Associated with the Rapid Identification of Microorganisms by
MALDI-TOF and Detection of Resistance Genes in ICU
Patients with Gram-Negative Bacteremia

MALDI-TOF kol avixvevon tTwv
yvovibiwv AMR ameuvBeilac amo
dLAAN TNG BeTIKAC alLpok/ag

Table 4. Antimicrobial consumption in DOT per 1000 days,present and
collection (21 days).

Antimicrobial Consumption

Pre-Intervention Intervention p-Value

and Cost . Kapd enidpaon otn Bvnrotnta
Consumption : 30-nuepwv
All antimicrobials 1.381 1.262 0.032 2 N cUVOALKN SlapkeLa voonAgiag
(1.103-2.251) (1.063-1.662) : (44 vs. 39 nuepeg, p = 0.005)
Antimicrobial for gram-negative NIZZQ%LL lel;;(;)Z 0.067 @ KalL 0 xpovog voonAeiog otn MEO
i (1.004-1.775) (1.006-1.427) : (17 vs. 13 nuépeg, p = 0.033)
Antimicrobial for gramw}jositi\fe N - 52 N— s 43 D 004 a lllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll
bacteria 475 (238-761) 270 (139-467) :
. N=76 N=72 a
Lamapenans 836 (504-1056) 543 (301-991) 0024
e s e N =45 N =40 »
Colistin/Polymyxin B 722 (390-932) 881 (462-1001) 0.299
N=3 N=8

Ceftazidime/avibactam

931 (725-1022)

911 (823-940)

0.865 °

Campos AF et al. Antibiotics (Basel). 2022;11(9):1226.



Hours to species identification with T2ZMR vs. BC

0=

)
1
1
1
| Mean Difference Mean Difference
: Study or Subgroup Mean Difference SE_Weight IV, Random, 95% CI IV, Random, 95% CI
Whole Blood ' De Angelis [2018] 197 483 145%  -19.70(-29.17,-10.23) -
i a4 iz s ws 1 i Dwivedi [2016) -133  8.59 14.2% -133.00 [-149.84, -116.16) —
§§§$ﬂgf"{gfvngf ﬁg‘;ﬁ;’jﬁwm e Taylor & Francis Giannella [2018] -115 47 145% -115.00 [-124.21, -105.79) -
https://doi.org/10.1080/17434440.2021.1919508 Talor &Francls Grovp Mylonakis [2015] -1255 13.16 13.6% -125.50[-151.29,-99.71) +———
Nguyen [2018] 783 127 146%  -78.30[-80.79,-75.81] .
META-ANALYSIS @ OPEN ACCESS | Crock oot Voigt [2020] 661 897 14.1%  -66.10[-83.68, -48.52] —
- L]
Antimicrobial and resource utilization with T2 magnetic resonance for rapid Walsh [2019] 88 123 14.6% 88011121, 8.39)
diagnosis of bloodstream infections: systematic review with meta-analysis of Total (95% CI) 100.0%  -77.45[-114.10, -40.79] il
controlled studies Heterogeneity: Tau® = 2395.98; Chi = 1950.48, df = 6 (P < 0.00001); I = 100% t t = =
\ UATD r : Wil i ' ' -100  -50 0 50 100
Blood Culture --“_ LRI=e / Test for overall effect: Z = 4.14 (P < 0.0001) Favors T2MR Favors BC
ation (60 mL) *\ ’

,
~ -

61.4% Twv aLtlwv

Bl Pooled mean difference = =77 hours (p <0.001)
HIKpoBLatpiag
\!

Hours to targeted therapy among T2MR positive cases vs. BC

Mean Difference Mean Difference
X ey Study or Subgroup  Mean Difference SE Weight IV, Random, 95% ClI IV, Random, 95% ClI
Hayes [2017) -38.4 169 26.0% -38.40([-41.71,-35.09) -
T2CANDIDA Kenney [2016] -305 179 26.0% -30.50[-34.01,-26.99] -
T2BACTERIA T PANEL Patch [2018] 28 805 222% -28.00[43.78,-12.22) —
PANEL PANEL ST Seitz [2019] 711 23 258% -71.10[-75.61,-66.59)
Sensiiviy: SOX7 Ginm-negative marker Specificity: 99%5 Total (95% CI) 100.0% -42.48 [-61.52, -23.45] ~al _

Specificity: 98%’

E. faecium

S. aureus

K. pneumoniae
P. aeruginosa
E. coli

KPC

OXA-48 Group
NDM /VIM/IMP
CTX-M 14/15
AmpC(CMY/DHA)

Gram-positive marker
vanA/B
mecA/C

Candida albicans
Candida tropicalis
Candida krusei
Candida glabrata
Candida parapsilosis

1-3 CFU/mL LoD

Test for overall effect: Z = 4.37 (P < 0.0001)

Heterogeneity: Tau? = 360.01; Chi* = 208.70, df = 3 (P < 0.00001); I =99%

5 25 0

25

Favors T2MR Favors BC

50

Pooled mean difference = -42 hours (p <0.001)

Giannella M et al. Expert Rev Med Devices. 2021;18(5):473-482.




Hours to empirical therapy de-escalation among T2MR negative cases vs. BC

Mean Difference Mean Difference
Study or Subgroup Mean Difference SE Weight IV, Random, 95% CI IV, Random, 95% CI
Paggi [2020] 464 9.88 7.2% -46.40[-65.76,-27.04) +———
Patch [2018] -8 146 306% -8.00([-10.86,-5.14] -
Seitz [2019) 24 174 297% -2.40 [-5.81, 1.01] -
Wilson [2017] -1 061 325% -1.00 [-2.20, 0.20] =
Total (95% CI) 100.0%  -6.84 [-12.73, -0.95] -
Heterogeneity: Tau? = 27.42; Chi* = 39.68, df = 3 (P < 0.00001); P = 92% :_50 _255 o 2=5 50=
Test for overall effect: Z = 2.27 (P = 0.02) Favors T2MR Favors BC

Mortality with T2MR vs. BC

T2MR BC Risk Ratlo Risk Ratlo
Study or Subgrou Events Total Events Total Weight IV, Fixed, 95% Cl IV, Fixed, 95% Cl
Patch [2018] 45 195 23 80 29.0% 0.80[0.52,1.23] =
Seitz [2018] 2 22 1 22 10% 2.00[0.20,20.49]
Turner [2017] 40 112 33 99 384% 1.07[0.74, 1.56] B
Wilson [2017] 29 74 29 87 31.7% 1.18[0.78,1.77] —_—
Total (95% CI) 403 288 100.0% 1.02[0.81, 1.29]
Total events 116 86
Heterogeneity: Chi* = 2.04, df = 3 (P = 0.56); P = 0% 05 07 H 15 2

Test for overall effect: Z=0.18 (P = 0.86) Favors T2ZMR Favors BC

Pooled mean difference = -7 hours (p = 0.02).

ICU stay with T2MR vs. BC. Pooled mean difference = -5.0 days (p =0.03)

Mean Difference Mean Difference

Test for overall effect: Z=2.16 (P = 0.03)

Favors T2MR Favors BC

Study or Subgroup Mean Difference SE Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Patch [2018] 2 522 198% 200(-8.23, 12.23] -
Seitz [2019] 0.2 13.39  3.0% 0.20[-26.04,26.44] ¢ ’
Wilson [2017] 7 264 772% -7.00[-12.17,-183 ————
Total (95% CI) 100.0% -5.01 [-9.55, -0.46] i

ity = = = 2= + } + t
Heterogeneity: Chi? = 2.52, df = 2 (P = 0.28); I? = 21% a5 5 : s

Hospital stay with T2ZMR vs. BC. Pooled mean difference = -4.8 days (p =0.04)

Mean Difference Mean Difference

Test for overall effect: Z=2.08 (P = 0.04)

Study or Subgroup  Mean Difference SE Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Patch [2018] -8 469 246% -8.00[-17.19,1.19] ¢ =
Seitz [2019] 24 761 93% -240[-17.32,12.52] ¢
Wilson [2017] 4 286 66.1%  -4.00[-9.61, 1.61] ——
Total (95% Cl) 100.0% -4.83 [-9.39, -0.28] —~ll—
. 2 = = 12 = - + + +
Heterogeneity: Chi* = 0.64, df =2 (P = 0.73); I = 0% 10 5 0 5 10

Favors T2MR Favors BC

28.9% vs. 29.9%, RR=1.02, p = 0.86

Considering hospital costs for sepsis patients
range from 2,000 USD to 5,000 USD per day
depending on sepsis severity, implementation
of T2MR could theoretically reduce :
hospital costs by 10,000 USD to 25,000 USD

: per patient tested

Giannella M et al. Expert Rev Med Devices. 2021;18(5):473-482.



MopLakn aviyveuon avioxnc: mpoBAnuotiopol

Acupdwvia arnoteEAECHATWY HOPLOKWYV / CUMBATIKWV HEOBOSWV

Mowa siva n péBodog avadopdg / gold standard;

YPnAd mooootad culture-negative / molecular testing-positive (5% - 55%)
— Auéavopevn svalocOnoia cUyXpoVWV HOPLOKWY HEBOSWV
MNOavi EAAeln evatoBnoiog kaAepyntikwy peBodwv (low inoculum)
— NMapovoia vekpwv N KN KaAAlepynotlpwy Baktnpiwv
— Mn €kdpaon tou yovidiou avtoxnc n Ekbpaocn oe YapnAa enineda
(xapunAou emumédou avtoxn KN aVIXVEVUOLUN HE TIC cUMPBaTIKEG ueBOdoug)
— Napovuoia aAAwv Baktnpiwv oto delypa mou dev aviyvelovtal
Kal pEpouv ta yovidla avtoxng

Moleg eivat ot KAWVIKEC ETUUTTWOELC

FP poplakéc, ME (un amapaitntn evupeia kaAvpn acBevoig)

FN kaAAlepyntikég, VME akatdAAnAn aywyn

[EPLOPLOPEVEG EMUTTWOELG OTNV TEPLITTWON KN €KPpaonc Tou yovidiou

Decousser JW et al. Expert Rev Mol Diagn. 2017;17(4):327-350.
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Detection of particular resistance mechanisms vs. phenotypic AST

Universal

phenotypic e — Universally applicable
AST — Mechanism-independent

— Exact phenotypic categorisation
— Therapeutic relevance

. i Mooa Kkal rtota yovidia ieplapfdvovtol oto

assays e — Time for microbial growth

— Expression-dependent panel

* Em\oyr) yoviSiwv o€ OXECN LLE TNV TOTUKN
: grudnuoloyia tn Sedopévn XpoVIKr OTIYUA

Napovoia f anovocia
YEVETIKOU HNXOLVLOHOU OVTOXNG

i = Mn avayvwplon KAmowwy variants n
ovoayvwplon variants pe Stadpopetiko

o — Very rapid

— Confirmation of resistance mechanism

: uOpOAUTKO TPOodiA
i m Mn avixveuon vEwv avadudpeVwY yoviSiwy

— Negativity does not necessarily mean i ‘
e susceptibility :fit;zt;: er:j ] avioxne
— Positivity does not necessarily confer 2 i m FOvBetoL ana\’wl“’i a\rtoxr']q _
phenotypic resistance resistance : :
— Limited to some antibiotics mechanisms | : * MNoAvpkpoPraka Seiypora Ko yovidio avtoxng :

Idelevich EA, Becker K. Clin Microbiol Infect. 2019;25(11):1347-1355. Me _
Tpormomnoinon
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CLINICAL THERAPEUTICS

An Antibiotic Stewardship Program Blueprint for Optimizing
Verigene BC-GN within an Institution: a Tale of Two Cities

1046 GN bloodstream isolates

TABLE 2 Verigene BC-GN analytic results by bug-drug combination®

Aev uTtapyxetl cadng KatevOUvVOoN yLA TLC TTEPUTTWOELG
TIou Oev avixvevovtal KBoPLOTEC avToxNG

Institution and target
organism

No. (%) of No. of isolates

P o e R e T Lm Pt b_s niteson ghl Mo

Detroit Medical Center
E. coli
K. pneumoniae

K. oxytoca

Proteus spp.
Enterobacter spp.
Citrobacter spp.
Acinetobacter spp.
Pseudomonas spp.

L waeamooer Clinical Microbiology” — 2020;58(4):02098-19. |
?‘ e
1.
g; The Clinical Impact of a Negative Molecular B-Lactamase Gene
¢ Test for Enterobacteriaceae: Let's Not Let Perfect Be the
1w Enemy of Really Good
3|
5 Jason M. Pogue,® Emily L. Heil®

= ¥ RS T T

Me e€aipeon tnv P. aeruginosa, n anoucio KaBopLoTwyv avtoxng

PiaialalalN
P (%) PPV (%) ! NPV (%)
I I
9 97 I 98 :
9 97 194 |
00 100 b 99 :
00 100 195 |
00 100 log |
00 100 497 1
100 |
3 80 193 1
| 88 )

puropovoe va PoPAEYPEL TRV evaoOncia ota AvILBLOTIKA GTOXOUG

Pogue JM et al. Antimicrob Agents Chemother. 2018;62(5):e02538-17.

-



ID and phenotypic
AST using the
Accelerate Pheno
System (RAPID)

RCT

Patients (N= 448)

with positive BC with GNB
RANDOMIZED

SOC testing with AS review
or RAPID with AS

: Patients with MDRO, escalation
Median RAPID, 18.4 vs SOC, 61.7 h
: (difference, 43.3 h; P =.01)

: Patients with S organisms,

: de-escalation

: median RAPID, 29.4 vs SOC, 42.4 h
(difference, 13 h, P =.02)

Banerjee R et al. Clin Infect Dis. 2021;73(1):e39-e46.

A 100
B 1004
90 - .
«4 median RAPID, 17.3vs SOC, 42.1 h
80 - .
={ difference, 24.8 h, P <.001
70
70
S 60 z
2 R
o
@ a
= 50+ H @
£ Median RAPID, 8.6 2 s
> ©
E 404 =
3 vs SOC, 14.9 h § %
30
. _ 30
difference, 6.3 h, P =.02
20 %
10
S0C. mean (s.d.) = 24.7 (24.8) hours, median (IQR) = 14.9 (3.3, 41.1) hours 10 = = - =
RAPID: memn s = 180.22.)hours. median (QR) =86 (26, 276)hours R R Rl L b R B LS
0 Differenes in means (86% CI). =0, J| Differance in means (95% CI): 10.1 (4.8, 15 4] hours, +test p = 0.0002
' v ' ! ! ! J I 1 ' ! ! ! O T T T T T T T T T -.MIL-MM T T T
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100 - - :
30C, resistant crg.: mean (s.d.) = 48.4 (27.1) hours, median (IQR) = 61.7 (30.4, 72.0) hours 100+ " - = 3 =
RAPID. resistant org.; mean (5.4} = 30.7 (28.4) haurs, madian (IGR) = 15.4 (5.8, 72.0) hours :gsﬁffx:;’gﬁ _':".:;'fﬁ:ij f ;32 }ﬁ;gh;:s;&n:dﬁglﬁg;} : gféﬁ; .5?72!'29.0;’%:5
60 - Difference In means (95% C): 17.6 (4.9, 30.3) hours, t-est p = 0.007 i Difference in means (95% Cl): -2.2 (-13.9, 8.5) hours, -test p = 0.71
80 - 204
= 704
3 = 70
= g 'E
T B B0 @
- g 60
. ]
: 2 50+ e
B > 504
DE 404 g
s 3J
. (6] g 40—
4 —— e s S]
w =
20—
20 -
18+ S0C, susceptible org : mean (s.d.) = 53.5 (20.1) hours, median (IQR) = 72.0 (24.2, T2.0) hours
RAPID, susceptible org.: mean (s.d) = 48.4 {31 2) hours, median (IOR) = 72,0 (8.2, 72.0) hours 104
o0 Difference in means (#5% Cl): 5.2 1.0, 11.3) howrs, t-testp =010 S0OC, susceptible org.: mean (s.d.) = 42.8 (26.2) hours, median (IGR) = 42.4 (18.3, 72.0) hours
1 + . - : - - . - = = - . mln susceptible org.: mean (s.d,) = 388 (27 6) hours, median (IOR) = 29.4 (103, 72.0) hours
0 & 12 18 24 30 3 42 48 54 60 88 72 0- in means (5% CI): 6.3 (0.6, 11.8) hours, -test p = 0.02

Time to first antibiotic escalation (hours)

| e RAPID, resistant org. = =— RAPID, susceptible org.
SOC, resistant ofg, === == S0C, susceplible

T T T T T T T T T T T T

18 24 30 38 48 54 80 66 72
Time to first antibiotic de-escalation (hours)

RAFID, resistant org. == == RAPID, susceptible org.
SOC, resi Org. == = 50C, susceptible org.
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Real-World Impact of the Accelerate PhenoTest BC Kit on
Patients With Bloodstream Infections in the Improving
Outcomes and Antimicrobial Stewardship Study: A

Quasiexperimental Multicenter Study

Amira A. Bhalodi,"* Shawn H. MacVane, "™ Bradley Ford, Dilek Ince,? Patrick M. Kinn,* Kelly M. Percival,® Derek N. Bremmer,® Dustin R. Carr;,”

Thomas L. Walsh,*” Micah M. Bhatti,” Samuel A. Shelburne,® Romney M. Humphries,"* Kaleh Wolfe,’ Eric R. Rosenbaum,” Ryan K. Dare,’ Johann Kolev,"
Meghan Madhusudhan,” Michael A. Ben-Aderet," and Margie A. Morgan"
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Rapid AST

g!\ seal with : y Wide antimicrobial coverage for Gram-negative
Dilut | it sensor panel FE £ bloodstream infections, with 176 bug drug combinations.
ilute noculate - S .
= o g — N é
= using Reveal W
. ‘ sealer b
Positive Pluronic water 96-well AST Panel Ready for loading ANTIMICROBIAL DRUG MIC CALLING RANGE r,,f{ .@’S oF s ‘d"s'
blood culture on Reveal (g /mi) v O ST T
[ Amiecm | £-36 ©000000
e o o
e o
RAPID AST SYSTEM 5 5 hours e [ ccc0o0oo
| v 0000 ®
°c0000o0
m 8-16 (-] ] ]
| coetonome  NENREERE ©00000
i ©00000
coee
Ciprofioxacin 0.06,025-1 © 0 © © © © ©
e RS c0ooo0o0
[ cemtamon | : ©000000
BEC—WNN < ocococococoo
[ teononan RS ©000000
BTN 0 9 000000
TABLE 1 Overall performance of the Reveal AST system avopamenn / Vabsbuciom 2/8-8/8 © 000000
Performance of Reveal AST against: 8- ° o 0o
i 000000
Parameter or detail Sensititre Vitek 2 05-1 o (]
Parameter, % (no. positive/total no.) ©o000000
EA° 98.0 (2,129/2,173) 97.0 (1,482/1,528) vs% © © 00000
CA- 96.3 (2,174/2,258) 96.2 (1,554/1,615) t " e
mE 3.5(78/2,258) 3.3 (54/1,615)
ME 0.3 (5/1,889) 0.3 (4/1,342)
VME 1.3(4/313) 1.3(3/232)

Tibbetts R et al. J Clin Microbiol. 2022;60(6):e0009822.
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Mortality outcomes with molecular rapid diagnostic testing

(mRDT) versus conventional testing in bloodstream infection MRDT kow ASP
ror ConventonaiTosting e
_Study or Subgroun .. Events Total Events Total Weight,% __ OR (95%C) OR (85%Cl) : 31 peA€teg, 5920 BSI pts
= 1.1.1.mROT with ASP. .} i
Gewsrueon) 23 3 2T & s 361 (1s0en i : Mortality risk decreased significantly with
Box et al [20] (2015) 65 64 10 103 3.0 0.96 (.33-2.79) —_— : )
Forrest et al [24] (2008} 2 119 2 84 D9 0.70 (10-5.08) e : MmRDT in the presence Of ASP
Forrest et al (23] (2006) 19 T2 20 76 5.0 1.00 (.48-2.09) :
Forrest et al [25] (2008) 17 85 37 129 7.4 0.54 (.28-1.04) — = E
Heil et al [27] (2012) 5 21 19 61 2.7 0.69 (.22-2.18) s 9 . .
Huang et al [29] (2013) 31 245 52 256 118 0.57 (.35-.92) —_— : Number needed to treat: 20 patlents with
Lockwood et al [30] (2016) 11 241 14 149 49 0.46 (.20—.1.04) — .
Macvane et al [32] (2015) 5 63 5 50 241 0.78 (.21-.2.84) = i g g
Ot 8 = i 5 o o, | — : BSI to prevent 1 death within 30 days
Nagel et al [36] (2014) 11 117 19 129 53 0.60 (.27-.1.32) —
Pardo et al [39] (20186) 5 & a7 252 36 0.37 (.14-.97) —] E .
Perez et al [15] (2013) 6 107 12 112 33 0.50 {.18-1.37) — : Time to effective therapy decreased by a
Revolinksi &t al [40] (2015) 8 95 13 133 40 0.85 (.34-2.14) —r
G b B b = o e S — : weighted mean difference of -5.03 hours
Suzuki et al [44] (2015) 3 88 19 147 23 0.24 (.07 .83) :
Walker et al [45] (2018) 8 a7 19 98 43 0.37 (.16—.90) __-‘\'-T 1 3
Subtotal 1745 2058 76.5 0.64 (51— .79) - b )
ol s - - Length of stay decreased by -2.48 days

Heterogeneity: 72 =0.01 32 = 19.00 (af= 18; P=_39); [ = 5% B e e e R A R A A A R A A A AR AR A EEEEEA R EEEEEAR R EnnEnnnnd ;
Test for overall effect: z=4.14 (P < .001)

: 1.1.2 mRDT without ASP

" Bouving et al [18] (2015) ~ 14 114 8 109 41 1.77 {.71-4.40) -+
Felsenstein etal [22] (2016) 5 189 11 194 3.0 0.45 (,15-1.33) =
Frye et al [26] (2012) 14 110 17 134 57 1.00 (47-2.14) —_
Ly et al [31] (2008) 8 101 17 101 42 0.43 (.17-1.04)
Maslonka et al [34] (2014) ] 55 10 55 2.9 0.55(.19-1.64) —l
Neuberger et al [37] (2008) 1 42 4 42 0.7 0.23 (.02-2.17)
Wang et al [46] (2013 8 48 8 38 29 0.75 (.25-2.23) —_— : L ' ] Better
Subtg:nal Ll 659 673 235 0.72 (.46-1.12) < T'::gl: St:‘;‘viard —
Total events 56 75 g P — Outcomes

Heterogenaity: t2=0.08 2 =7.74 (df= 6; P= 26); |2 =23%
Test for overall effect: z=1.46 (P=.15)

Total (95% CI) 2404 2731 100.0 0.66 (.54—.80) L
Total events 233 408
Heterogeneity: 12 =0.02 42 =27.22 (df= 25; P=.34);, F=8% 1

Test for overall effect: z=4.27 (P < .001) 0.02 0:1 1b Sb
Test for subgoup differences: 2= 0.25 (df=1; P= 62); 12 = 0% Fowors MACT  Fesiors conventional Timbrook TT et al. Clin Infect Dis. 2017;64(1):15-23




Clinical Microbiology REVIEW

— 2018;31(3):e00095-17. ~50,000
= Maonooer Reviews® R |
P - 40,000
updates g
B, -30,000
23
The Cost-Effectiveness of Rapid Diagnostic Testing for the g -20,000 ==
Diagnosis of Bloodstream Infections with or without ¥ -10,000
Antimicrobial Stewardship o]
- 0 = =
Elina Eleftheria Pliakos,@ Nikolaos Andreatos,® Fadi Shehadeh,* Panayiotis D. Ziakas,® Eleftherios Mylonakis2
10,000 T T T T | T T T
(A) mRDT mRDT (A5)BC-GN  (B1)PCR (A1) PCR (A3) (B) mRDT (B2)
with ASP MALDI-TOF  with ASP  without ASP  with ASP PNA-FISH without ASP PNA-FISH
with ASP with ASP without ASP
Diagnostic strategy
TABLE 3 Base-case analysis results for competing strategies
Base-case estimate
Effect ICER
Probability QALY S/death S/QALY
Strategy Cost (S) of survival value averted gained
mRDT (with and without ASP) 36,301.50 0.89 11.9883 —490,763 —36,434
mRDT with ASP (A) 31,274.24 0.89 11.9883 —616,445 —45,764
mRDT without ASP (B) 57,220.14 0.90 12.1230 25,762 1,913
PCR with ASP (A1) 47,917.58 0.88 11.8536 —267,148 —19,833
MALDI-TOF analysis with ASP (A2) 28,394.21 0.92 123924 —393,397 —29,205
PNA-FISH with ASP (A3) 53,226.09 0.85 11.4495 0 0 ”/_
BC-GP with ASP (A4) 24,904.91 0.84 11.3148 Dominated Dominated <
BC-GN with ASP (A5) 33,691.47 0.92 12.3924 =317,122 —23,587 <
PCR without ASP (B1) 47,430.21 0.88 11.8536 —283,394 —21,039
PNA-FISH without ASP (B2) 58,284.16 0.92 12.3924 33,602 2,495
Conventional laboratory methods with ASP (C) 41,723.98 0.84 11.3148 Dominated Dominated \
Conventional laboratory methods without ASP (D) 55,932.02 0.85 11.4495 Baseline Baseline

SLVEFTT



Taxeia poprakn dtayvwon kat diagnostic stewardship

TABLE 1 Key diagnostic stewardship considerations for implementation of rapid infectious
disease diagnostics

+ 8 : :
& Key considerations and potential
: ' Goal Key question strategies

-u:n | Right test Is the test appropriate for the Sensitivity and specificity

e clinical setting? Predictive values

Testing volumes
Diagnostic yield
Laboratory feasibility

Cost
Clinical impact
Right patient Will the clinical care of the patient Laboratory test utilization committee
be affected by the test result? Automatic laboratory reflex

CPOE decision support
Appropriate use criteria
Indication selection
Prior authorization
Benchmarking

Right patient

B

g o \ Specimen rejection

"= Right time Will the result be available in time Time to specimen receipt

- \ to optimally affect care? Centralized vs point-of-care testing

<L y

Bo On-demand vs batched testing

o = Newtovpyeia 24/7? Specimen preparation time Tpémnoc napouvocioong
Run time

OTTOTEAECUATWVY

Result reporting time

Messacar K et al. J Clin Microbiol, 2017.
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Reporting

“detected” or “not

: detected” for a specific :

molecular target

, -
Organisms Detected: Enterobacterales

Klebsiella pneumoniae group

Applicable Antimicrobial
Resistance Genes Detected: CTX-M

NDM

Controls: Passed

| |
& No!o:' Antimicrobial resistance can occur via multiple mechanisms. A Not Detected result for antimicrobial resistance gene(s) does not indicate
iy antimicrobial susceptibility. Subculturing is required for species identification and susceptibility testing of isolates.

' Result Summary

Gram Negative Bacteria

Not Detected

Bacteroide

Enterobacter cloacae complex

Acinetobacter calcoaceticus-baumannii complex

Organisms Detected: Enterobacterales
Kiebsiella pneumoniae group
Applicable Antimicrobial
Resistance Genes Detected: CTX-M
NDM

—_—
. L4
B

= ..

.,

.COntrols: Passed

Noto: Antimicrobial rosistance can occur via mulliple mechanisms. A Not Datoctod rosult for anlimicrobial rosistanco gona(s) doos not indicate
A ar bial ibility. Subculturing Is required for specias identification and suscoptibllity testing of isolates.

Result Summary

Not Detected
R | Not Detected Escherichia coli
+ Not Detected Klebsiella aerogenes
Klebsi
. . ¥ Klebsi
Interpretative € Not Detected Proteus spp.
3 ’ Not Detected Salmonella spp.
Co m m e ntS Wit h . Not Detected Serratia marcescens
™ :ot getecteg Zaemophilus influenzae
. . ] ot Detecte leisseria meningitidis
thera peutic guidance Not Detected Pseudomonas aeruginosa
Not Detected Stenotrophomonas maltophilia
Yeast
Simner PJ et al. Clin Infect Dis. Not Detected Candida albicans
2023;76(9):1550-1558. > Not Detected Candida auris
Not Detected Candida glabrata
( Not Detected Candida krusei
Not Detected Candida parapsilosis
Not Detected Candida tropicalis
Not Detected Cryptococcus neoformans/gattii

Antimicroblal Resistance Genes

NotDetected  IMP

N N N

o =
MM’)

Not Detected KPC
Not Detected mer-1
N/A mecA/C
Q N/A m and MREJ (MRSA)
<
Not Detected OXA-48-like
C\ N/A vanA/B
Not Detected VIM
Gram Positive Bacteria
Not Detected Enterococcus faecalis
Not Detected Enterococcus faecium
Not Detected Listeria monocytogenes
Not Detected Staphylococcus spp.
Not Detected Staphylococeus aureus
Not Detected Staphylococcus epidermidis
Not Detected Staphylococcus lugdunensis
Not Detected Streptococcus spp.
Not Detected Streptococcus agalactiae (Group B)
Not Detected Streptococcus pneumoniae

Not Detected Streptococcus pyogenes (Group

IS/

A)

7 L SN

-

-
J

/7~
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Table 3. Reporting comments for molecular blood culture diagnostics.

Adapted from Banerjee et al.”®

Staphylococcus aureus, mecA
detected

Staphylococcus aureus, mecA
not detected

Staphylococcus,
coagulase-negative, mecA
detected

Probable methicillin-resistant

Staphylococcus aureus (MRSA);
further testing in progress. MRSA is
predictably resistant to beta-lactam
antibiotics (except ceftaroline).
Patient requires contact precautions
if hospitalized.

Methicillin (oxacillin)-susceptible

Staphylococcus aureus. Preferred
therapy is an anti-staphylococcal
B-lactam antibiotic, unless clinically
contraindicated.

Methicillin (oxacillin)-resistant

coagulase-negative Staphylococcus.
Possible blood culture contaminant
(unless isolated from more than one
blood culture draw or clinical case
suggests pathogenicity). No
antibiotic treatment is indicated for
blood culture contaminants.

Enterobacter cloacae complex

Escherichia coli, blactx-m
detected

E. coli, blakpc detected

This organism may contain an inducible
B-lactamase. Penicillin or second- or
third-generation cephalosporin
monotherapy may result in
emergence of high-level resistance.

Extended-spectrum
B-lactamase-producer.
Carbapenems are drugs of choice for
ESBL-producers.

Carbapenemase producer. Patient
requires contact precautions if
hospitalized. This organism is
resistant to carbapenems and other
B-lactam antibiotics. Consult
infectious diseases.

Banerjee R, Patel R. JAC Antimicrob Resist. 2023;5(1):dlad018.
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difficult to associate the AMR marker with a particular organism
The Genotype-to-Phenotype Dilemma: How Should . . . . .
Laboratories Approach Discordant Susceptibility Results? when multiple Gram-negative organisms are identified

Rebecca Yee,® 7 Jennifer Dien Bard,>® Patricia J. Simner®

Potential steps and reporting structure for specific discrepant examples found in GN

GENOTYPES Gram-negative organism detected by NAAT
1) No ESBL or Carbapenemase 2) ESBL marker detected (CTX-M) 3) Carbapenemase marker detected
Markers Detected (KPC, NDM, OXA, VIM, IMP)
POTENTIAL DISCORDANT PHENOTYPES

1) 3GC & 4GC variable or resistant +/- 2) Susceptible to all 3GC & 4GC* 3) 3GC & 4GC variable or susceptible

carbapenem variable or resistant l to all carbapenems*
l Most likely §cenarios: _ Most likely'scenarios:
Lack or poor expression of ESBL, mixed Lack or poor expression of carbapenemase,

Most likely scenarios:
Off-panel AMR mechanisms
(e.g., AmpC, other ESBLs, porins,
carbapenemases +/- cell wall
permeability defects)

population, heteroresistance, mixed population, heteroresistance,
loss of plasmid loss of plasmid

Consider the following to resolve: Consider the following to resolve:

a. Sub the blood culture broth with a 3GC a. Sub the blogd cult.ure '?’Oth "f"ith 2
l disk to identify resistant population & carbapenem disk to identify resistant
pursue additional testing population & pursue additional testing
No further testing required in most b. Repeat discordant 3GC & 4GC AST by a b. Repeat discordant 3GC, 4GC and cefepime

AST results; preferably by a different
method and ideally a reference method

\ ] [

instances. reference method

Report phenotypic results as tested. ;
RO P P Report all 3GC & 4GC as R if unresolved. Report all 3GC, 4GC and carbapenems
as R if unresolved.
*Variable resistance to 3GC & 4GC may occur depending *Variable resistance to 3GC, 4GC, & carbapenems
on the hydrolysis profile of the ESBL detected may occur depending on the hydrolysis profile of the

carbapenemase detected




Specimens
needed to be
sequenced

Pure culture
growth:
48 hrs

DNA extraction:
2-4 hrs

most data ﬂelated N
to WGS for|predicting "«

[ .
AS assume an initial ! Template preparation
culture step : by brldge ampllflcatlo
1 .
i or emulsion PCR
Raw data " " Template generation Pooling
quality control: and sequencing: and loading:
20 min 26-36 hrs 1-1.5 hrs
F’.____ f@ - by @
e D) 3
B o} [0 -0=C]

_"? o 1
HITTM it !
o L1 | | [
b { l‘ H
N FTTTE N U T T i
il |
M o] P
) e
O~ ; |
ESESORRERR NN all I ]

PPO®
OPO®
PPO®
@ ® @

Besser J et al. Clin Microbiol Infect. 2018;24(4):335-341.

WGS: ta BAapata tng dtadikacioc

DNA quality control:
30 min-1 hr

Spectrophotometer

<

DNA library
preparation:
4-6 hrs

Shearing
Adaptors/Barcodes
Amplification




Metagenomic NGS (agnostic NGS): to emopevo BAua

C Clinical specimen composed of host,
microbiome and possible pathogen(s)

|
Y

Extraction and Purification of NA

hypothesis-free,
culture-independent,

V. KPr %8 - ( ) RNA )
L& d LiksgAx
, L -
pathogen detection AL >\( \,(>
‘ e P \ \(\H
Mixture of genomes —_ ~

Host cDNA conversion

Contaminating NA

Library Preparation: Fragment NA (if
needed) and add an adaptor to mobilize

______________________________________ DNA for sequencing
evaluate the immunologic S, e U TNt e S,
. —a a—a o—m Vg P b-ae1as 0—8 "—a
response associated S . WS eiglge—p o "L e,
—a g—a —au -8 g 4 —a —u

NGS: Paralleled sequencing of many different

e.g. biomarkers reads from multiple genomes in parallel

1
1
1
1
1
1
| with the presence and type of infection
1
1
1
1
1
1

I . . ‘:,1—-'-_’ — ’4——_* —_—
i of the microorganisms detected A=t _1—, —+ . <—*"_, Reads
L e e e o e e e e = > e T
Analysis -
W B 1t =
«—T —p
Remove host reads or study Identify individual species
host immune response making up the metagenome

Simner PJ et al. Clin Infect Dis. 2018;66(5):778-788.
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NAAT versus Genomic data

Tweet versus... Tome
Leo Tolstoy, War and Peace

WGS:

. Napoleon invades Russia.
“one test fits all” poleon | nussia.
Russian aristocratic families sent¥
approach War ensues. French retreat.

Russians celebrate.Lots of them marry:

N

Reed T. ECCMID, 2016.
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Woodford N. ECCMID, 2016.
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N= 500 isolates randomly selected
= isolates without any known

cases of phenotypically resistant

Rebelo AR et al. 2022;13:804627. . . _
genetic resistance mechanism: 2.1%

One Day in Denmark: Comparison of of all combinations analyzed
Phenotypic and Genotypic

Antimicrobial Susceptibility Testing
in Bacterial Isolates From Clinical Percentage and number of genotype—phenotype concorda
Settings

Staphylococcus spp. (n=103/ 1,226) 1161 45 B
Streptococcus spp. (n=55/ 570)
Enterococcus spp. (n=32/ 137)
Corynebacterium spp. (n=3/ 21)
Aerococcus spp. (n=5/ 15)
Enterobacterales (n=243/ 2,839)
Pseudomonas aeruginosa (n=21/ 189)
Haemophilus influenzae (n=14/ 140)
Moraxella catarrhalis (n=10/ 90)
Stenotrophomonas maltophilia (n=2/ 2)

TOTAL Gram-positives (n=198/ 1,969)

TOTAL Gram-negatives (n=290/ 3,260)

GRAND TOTAL (n=488/ 5,229)
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One size does not fit all




stewa rdShlp __ . Our time with antibiotics
Noun: the activity or job of - is running out.
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