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Y Antibiotic resistance:

ANTIBIOTIC ==
AWARENESS DAY

AEUROPEAN

More than

Antibiotic resistance is the ability of

bacteriato combatthe action of one
or more antibiotics. Bacteria, not
humans or animals, become deaths

antibiotic-resistant.

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

In Europe, the health impact of
antibiotic resistant infections is

COI’HD&I’EHE to that of il"lﬂl.lEHEEl, .ﬁ:lt:;iﬁtr:-;:-:l-;:a:ance isa silent pandemic and a growing threat to

tuberculosis and HIV/AIDS combined.

HIV/AIDS
Over 7 0 %
Tub losi
HDErCUlosts healthcare-associated
Antibiotic infections
resistance
Influenza

Crver 70% of the health impact of antibiotic-resistant infections is
directly linked 1o healthcare-associated infections, This could be
minimized through adequate infaction 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

e a growing threat to human health

13 cruise ships

Increasing burden

Resistance w 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 preumoniae
and Acinefebacter spp, commaonly causing
healthcare-associated infections, the numberof
attributable deaths increased by approximatehy

GO0

acnetobactersoo. |
K. pneumonice _ 5T %




Global deaths (counts) attributable to bacterial AMR by pathogen—drug combination, 2019

Count (thousands)
BN-100 BEN75to<100 [I50to</5 [EA25to<50 BH10to<25 EESto<10 EE<5 ]NA

Morganellaspp [EEE]

Mycobacterium tuberculosis [R:2E:100
Proteus spp [EEET0) 887 2970 m
Pseudomonas aeruginosa [8:FE=00] 4370 3010 18300
5 Paratyphi [EELD] 4040

ST}'phi 23700 17 200

Mon-typhoidal Salmonella 210 5620
Serratia spp [ELFLL] 953 2450 1080
Shigella spp 5990

> Staphylococcus aureus 15 900 3120

»Streptococcus pnevmonia

121000 | 11600

6530

Antimicrobial Resistance Collaborators. Global burden of bacterial antimicrobial resistance in 2019: a systematic analysis. Lancet. 2022;399(10325):629-655.

> Acinetobacter baumannii RISl 200 : On the basis of our predictive statistical models,
Citrobacter spp 1340 411 2300 2510 :
Enterobacter spp - B R : there were an estimated 4:95 million (3:62-6-57)
Enterococcus faecalis :
Enterococcus faecium : deaths associated with bacterial AMR in 2019,
Other enterococci EEEY m :
> Fcherichiacoll Rl 21300 : including 1-27 million (95% U1 0-911-1-71) deaths
roup A Streptococcus [elsely :
Group B Streptococcus 11500 13500 ' s
Haemephilus inflvensac BT 1% : attributable to bacterial AMR. :
— ﬂEbSI'E"U pFIELI'I'TI‘DﬂfGE 193 000 % m .................. AEpEEEEEEEEEEEEEE



Balkan Peninsula

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

@@ 5to<10%  [J50to<60%

[ 10to <20% [@A60to <70%
[020to<30% [EW70to<80%
[130to<40% HM=80%

Carbapenem-resistant

Acinetobacter baumannii

D Carbapenem-resistant Acinetobacter baumannii
Raw data '

Percentage of isolates with resistance
B <5% [J40to <50%
Bl 5to <10% [ 50 to <60%
El10to<20% [ 60to <70%
[320to<30% WEH70to<80%

‘m‘ Global burden of bacterial antimicrobial resistance in 2019: a systematic analysis. Lancet, 2022, 399: 629-55




Balkan Peninsula

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

Bl GCto<10%  [J50to <60%

[ 10to <20% [ 60to <70%
[J20to<30% [EW70to<80%
[130to<40% M =80%

Carbapenem-resistant
"~ Klebsiella pneumoniae

T

Percentage of isolates with resistance
B <5% [140to <50%
G5 to <10% 150 to <60%
[@10to <20% [ 60to <70%
| D20to<30% @EA70to<80%
[130to<40% El=80%

Global burden of bacterial antimicrobial resistance in 2019: a systematic analysis. Lancet, 2022, 399: 629-55



ﬁ Gresce

Estimations of the burden of
infections with antibiotic-resistant C:;

Paoland

bacteria presented as attributable o
deaths per 100 000 population by Mata

country*, EU/EEA, 2020 Garmany

Latvia

g
5 Czechia
8
Slovenia
Frarice . Vancomycin-resistant E. faecals / E. faecium
Bulgaria . Meticilin-resistant S. aureus
Ireland . Penicilin-non-wild-type and macrolide-resistant S. pneumoniee
Spain - Penkcilin-non-wiki-type S. pneumoniae
Luxembourg . Mmmhm P. m
Sweden - Carbapenem-resistant P. aeruginosa
Assessing the health burden of et
infections with . Carbapenem-resisiant K. poeumonas
2 H Ausiria
antibiotic-resistant bacteria in the . Third-generaticn cephalosporin-resistant K. p .
EU/EEA, 2016-2020 Denmark
. Carbapanem-resiglant E. cof
Finland 3
Third-ganaraticn cephalosperin-rasistant £ oo
Esfonia | 3
. Artinoglycoside- and Nuareguinalons-resisiant Acnetobactar spp.
Monway 2
. Carbapenem-resistant Acmatobacher spe.
Metheriands 2z
Assessing the health burden of infections with antibiotic-resistant 0 5 10 15 20

Attributable deaths per 100 000 population

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



TACKLING ANTIMICROBIAL
RESISTANCE ON TEN FRONTS

Public Sanitation
awareness and hygiene

Antibiotics in

- Vaccines and
agriculture and

the environment aiternatives / 3 "\ A European
{ | One Health S6otaon 100
e rveiliane { Rapid : e 4 Action Plan SULBOUN ,
urveillance ATy \ o / . UMUPOUALOU OXETLKA
s Shagnost -~ against HPODAOD OX
' Antimicrobial | "¢ TV &vioxvon twv
~ Resistance dpaoewv tn¢ EE ywa
Human capital \ 3 ,.. - 5 (AMR) Tnv Karanokéuno‘n
. TNG UKPOBLOKAG
QVTOXNC OTO TTAQLOLO
Global o International oy 1N ) ,
Innovation Fund R \%-. coalition for action RG> s NG POOoEYYyLoNnG
: | ‘ «Mia vyeio» 2023/C
{ Review on E .
Aot - 220/01

. . . . . . ) . . https://eur-lex.europa.eu/legal-
Tackling drug-resistant infections globally: Final report and https://health.ec.europa.eu/system/files/2020-01/amr_2017_action- content/EL/TXT/?uri=CELEX:32023H

recommendations’. The review on antimicrobial resistance; May 2016 plan_0.pdf 0622(01)
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Periplasm  Inner membrane
Outer membrane

Target protection protein

@

Antibiotic

" h ang&t pmtentmn|
I I -
d_ mnliety Tangml e | t?rget protein
I \“IH.. ad I modification Targntlbypass
Lf:‘:c“ti‘:':ﬂmz | Decreased influx | J

Darby EM et al. Nat Rev Microbiol. 2023;21(5):280-295.



B-AQKTOMACEC
1 | | |
X

Ambler Ambler R Qe Ambler
Class B Class C Class D

Ambler
Class A

Penicillinases

. TEM

B
C

TX-M

OXA-58

- narrow-spectrum
ESBL

. broad-spectrum
. carbapenemase

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



B- AaKTOMAOCEC: UOSPOAUTIKO paopa

Classic B-
Penicillin m 2™ Gen. Ceph. m 3" Gen. Ceph. 4™ Gen, Ceph. lactamase Aztreonam Carbapenems
Inhibitors

Class A BSBLs*

Class D BSBLs (OXA)**

VIM, IMP, NDM

Class D Carbapenemases (OXA)

*including benzylpenicillins, aminopenicillins, carboxypenicillins, ureidopenicillin, narrow spectrum cephalosporins (cefazolin and cefuroxime and others)
**BSBL substrates plus oxacillin, nafcillin, and dicloxacillin




B- AOKTOUAOEC KL VEOTEPA OVTLBLOTLKA

Aztreonam/avibactam

Cefepime/enmetazobactam

Cefepimeftaniborbactam

Cefepime/zidebactam

Cefiderocol

Ceftaroline/avibactam

Ceftolozane/tazobactam

Ceftazidime/avibactam

Imipenem/relebactam

Meropenem/nacubactam

Meropenem/vaborbactam

ESBL KPC MBL AmpC  OXA-48 P. aeruginosa (MDR/XDR) Acinetobacter (M\DR/XDR)

S. maltophilia




MéEBodot aviyvevong tTng avtoxng

Phenotypic methods Molecular-based methods Mass spectrometry
Constrained by
o8 bacterial growth time oo Gene1 Gene2:-- GeneN MALDI-TOF MS
Dilution § 48 h EaSopenst - Incubation (antibiotic + sample)
= / several h 3
V0O 5 1 ”//o SN %
Diffusion 5;\' v | 48 h G /:EEEE:EEEEEEE’
oy I
A _/ ' [}
Cycle T
p [ | B y .'.""'1"' ot ol i 24-48h Matrix
Gradienttest | | 48 h sequencing |, | i 1
Chromogenic media . 24 h NGS several days
Automated devices ~>20h several h
- )
LFIA )
' * estimated time depend on a sample analysed * estimated time depend on a sample analysed
(clinical specimen vs. isolated bacterial culture) (clinical specimen vs. isolated bacterial culture)
2 N J

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

Characteristic Phenotypic methods Genotypic methods

.IIIIIIIIIIIIIIIIIIIIIIII.

= Question to be answered Does the antibiotic inhibit bacterial growth Is a gene or mutation associated with antibiotic resistance present?

.IIIIIIIIIIIIIIIIIIIIIIII' ‘

at clinically relevant concentrations?

Turn-around time Slow Fast i

Inoculum needed High Low '
Provides information about ~ No Yes ‘
resistance mechanism
Predicts antibiotic Yes Sometimes. Only detects a gene or mutation associated with resistance;
susceptibility and this may not correlate with phenotypic resistance in all isolates (e.q. if
> resistance 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.
Provides MIC Yes No

Cost Moderate GV High
Banerjee R, Patel R. JAC Antimicrob Resist. 2023;5(1):dlad018.
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Dowvoturiikeg pEBodor: MEBodoc draxuong twv diokwv (Kirby-Bauer)

@ Inoculated agar plate @ Addition of antibiotic discs e
‘ @ Measurement
) : ' of the zone
Mueller Hinton M of inhibition
for18+2 h |
At 351 1°C

inocuium

equivalent to a 0.5
McFarland standard

y o The 15-15-15 minute rule
Standardization

Kirby Bauer
Disc Diffusion 77"~
Method Bacterial growth

Follow these instructions for disk diffusion:

» Use the inoculum suspension optimally within 15 minutes

of preparation, and always within 60 minutes.

« Apply disks within 15 minutes of inoculation.

* Incubate plates within 15 minutes of disk application.

EUCAST disk diffusion method for AST. Version

Bauer A.W., Kirby W.M.M., Sherris J.C. and Turck M. 1966. 11.0, January 2023.

Antibiotic susceptibility testing by a standardized single disk method. Am. J. Clin.

Pathol. 45:493-496



‘EAgy)o¢ svaloOnoiac Kol EPUNVELN TWV OLTTOTEAECHATWY

EUROPEAN COMMITTEE
SUSCEPTIBILITY TESTING

European Soclety of Clinical Microblology and Infectious Diseases

28th Edition

| Clinical breakpoints and dosing of anti v

Organization

Public consultations

performan :
susceptibility

Testing EUCAST News

Definitions of S,1and R

Clinical breakpoints and dosing Breakpoint tables

Gl SN Clinical breakpoints - breakpoints and guidance

Rationale documents Breakpoints are part of a system for categorising microorganisms as susceptible (S and I)
and resistant (R) to agents approved for use in the treatment of infectious diseases. Below
are links to the yearly updated breakpoint tables, but other parts of the system are equally
important. These ar¢ ~ o - ' - o -

EmidnuioAoyika cut-offs
Evdoyevnc avtoxn
Avixveuon LNXOVIOUWV OVTOXNG

Breakpoints bacteria (print)

Splitting MIC wild type distributions
- g tvp Breakpoints fungi

n
®  Breakpoints bacteria (screen)
|}

When there are no breakpoints?

0 0 , Breakpoints in brackets "What to do when th: KA ’ ’ e ’
Aocoloyikd oxfpata yia SDD opla e s i uin e oaer 8 KALVIKOL OPLOL EVOLOONGLOG
changes have been
Rapid AST in blood cultures understanding the E { .
e Aocoloylka oxnuata
This docun\cr\tindudcs u timicrobial susceptibility tes Expert rules and expected phenotypes

Laboratory standards sttt A T e
07,and MIL o eesvreshesEiERty

cmeanvresioo ETTLE N ULOAOY LKA cut-offs (ECOFs)

Clinical breakpoi
Aztreonam-aviba

cmmeenmes EXPErt rules / Evboyevnc avtoxn

............. Resistance mechanisms

{or global apptication :
plement for Guidance documents

ACLS! Sup

SOP Clinical breakpoi

i MIC and zone distributions and ECOFFs DowEs (e AV’LXVEUOT] unxaVLoud)V avroxr!]c
Mn péAn: $200.00 Rational documents (breakpoint background)




MeEBodoc diayvonc twv diokwv Kirby-Bauer: eppnveia

S,,R

Enterobacterales *

Expert Rules and Expected Phenotypes
For abbreviations and explanations of breakpoints, see the Notes sheet

EUCAST Clinical Breakpoint Tables v. 14.0, valid from 2024-01-01

Carbapenems’ MIC breakpoints Disk Zone diameter Notes
(mglL) content breakpoints (mm) Numbered notes relate to general comments and/or MIC breakpoints.
S< R > ATU (Hg) S= R < ATU |Lettered notes relate to the disk diffusion method.

Doripenem 1 2 10 24 21 1. Some isolates that produce carbapenemase are categorised as suscepfible with the current breakpoints and should be

Ertapenem 05 05 10 73 73 reported as tested, i.e. the presence or absence of a carbapenemase does not in itself influence the categorisation of

Imipenem, Enterobacterales except 2 1 10 ) 19 usceptibility. Carbapenemase detectlpn and characterisation a@ recommended for public health :and |Me@m cont!'ol

Morganellaceae purposes. I;g[jcarbapenemase screening, a meropenem screening cut-off of =0.125 mg/L (zone diameter <28 mm) is

ommended.

i 2

p , Morganellaceae 0.001 4 10 0 19 2. The intrinsically low activity of imipenem against Morganella morganii, Proteus spp. and Providencia spp. requires the

Imipenem-relebactam, Enterobacterales 2 2 10-25 2 2 20-22  |high exposure of imipenem.

except Morganellaceae 3. For susceptibility tesfing purposes, the concentration of relebactam is fixed at 4 ma/L.

Meropenem (indications other than 2 8 10 22 16 4. For susceptibility testing purposes, the concentration of vaborbactam is fixed at 8 mg/L.

meningitis)

Meropenem (meningitis) 2 2 10 22 2 A. For isolates in the ATU, if resistant to meropenem report resistant to meropenem-vaborbactam. If not resistant to

Meropenem-vaborbactam gt 8t 20-10 20 20 15-1g* |meropenem, investigate further.

Monobactams MIC breakpoints Disk Zone diameter Notes

(mg/L) content breakpoints (mm) Numbered notes relate to general comments and/or MIC breakpoints.
S< R > ATU (Hg) S= R < ATU |Lettered notes relate to the disk diffusion method.

Aztreonam’ 1 4 30 26 21 1. The aztreonam breakpoints for Enterobacterales will detect clinically important resistance mechanisms (including
ESEL). Some isolates that produce beta-lactamases are susceptible to aztreonam with these breakpoints and should be
reporied 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.

Fluoroquinolones MIC breakpoints Disk Zone diameter Notes

(mglL) content breakpoints (mm) Numbered notes relate to general comments and/or MIC breakpoints.
Sc< R> ATU (ng) Sz R < ATU |Lettered notes relate to the disk diffusion method.

Ciprofloxacin, Salmonella 5pp_1 0.06 0.06 Note® Note® 1. There is clinical evidence for ciprofloxacin fo indicate a poor response in systemic infections caused by Salmonelia

Ciprofloxacin (indications other than 0.25 05 05 5 25 22 2224 |spp. with any detectable fluoroguinolone resistance mechanisms. The available data relate mainly to Salmonelia Typhi

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

Ciprofloxacin ingitis)? 0125 0125 Nate® NoteP z“.'E In meningitis, where all fiuoroguinolone resistance mechanisms must be excluded, either periorm an MIC test, or

- ZED SEE infer susceptibility from the pefloxacin 5 pg screening test.

Pefloxacin (screen only) NA NA 5 2477 247 3. Fluoroguinolone breakpoints are available for other agents

Delafloxacin, E. coli 0125 0.125 Note® Mote”

Levofloxacin 0.5 1 5 23 19 A. Tests with a ciprofloxacin 5 pg disk will not reliably exclude all fluoroguinclone resistance mechanisms in Salmonella

Moxifloxacin, Enterobacterales except 0.25 0.25 5 22 2 spp. Perform an MIC test, or infer susceptibility from the pefloxacin 5 pg screening test.

Morganella morganii, Proteus spp. and C. The pefloxacin screening test can also be used fo detect fluoroguinolone resistance mechanisms in other

Serratia spp.’ Enferobacterales such as E. coli, K. preumoniae and Shigella spp.

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

Morfloxacin {uncomplicated UTI only) 05 05 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 14.0, 2024. http://www.eucast.org.




EUROPEAN COMMITTEE
ON ANTIMICROBIAL
SUSCEPTIBILITY TESTING

European Society of Clinical Microbiology and Infectious Diseases

Methodology - EUCAST rapid antimicrobial susceptibility testing (RAST)
directly from positive blood culture bottles.

Version 5.0

| March 2024

European Committee on Antimicrobial Susceptibility Testing
Zone diameter breakpoint tables for rapid antimicrobial susceptibility testing (RAST)
directly from blood culture bottles
Version 7.1, valid from 2024-07-05

EUROPEAN COMMITTEE
ON ANTIMICROBIAL
| SUSCEPTIBILITY TESTING

European Society of Clinical Microbiology and Infectious Diseases

| Screening for ESBL and carbapenemases in E. coli and
K. pneumoniae for epidemiological purposes as part of the
RAST procedure.

EUCAST Guidelines for detection of resistance mechanisms and specific resistance of
linical and/or epid logical importance using EUCAST rapid antimicrobial

susceptibility testing (RAST) directly from positive blood culture bottles.

Version 2.0
April 2022

EUCAST, Rapid AST

— Xpnion pe daAec BACTEC (BD), BacT/ALERT (bioMérieux)

kot VersaTREK (Thermo Fisher)
— 0—18 h peta tn Betikomoinon tn¢ dLaing
— AnevuBeilac evodpBaApiopoc (MH, MH-F)

e 125425 pl amo tn Ogtikn pLain

— To pkpoBLoko eidoc mpeEneL va ival yvwoto

TPV TNV EPUNVELD TWV ATIOTEAECUATWY

16-20 hours

Organism Incubation time | Medium | Incubation
Escherichia coli 4, 6 and 8 hours MH 3A5+1°C in air
Kilebsiella pneumoniae 16-20 hours
Acinetobacter baumannii
Staphylococcus aureus
Enterococcus faecalis
Enterococcus faecium
Pseudomonas aeruginosa 6 and 8 hours MH 35+1°C in air
16-20 hours
Streptococcus pneumoniae 4, 6 and 8 hours MH-F 35+1°C in 4-6% COs in air




Tawiec SLaBoOULoHEVNC CUYKEVTPWONC OVTLBLOTIKWY

Prepare inoculum to 10culate plate, Position ETEST
0.5 -1McFarland allo o dry ime o strip and incubate
' 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

dand interpret TIME TO RESULT:

et 16 - 20 hours for most organisms

@ Antibiotic

Code

Reading Scale
(MIC pg/ml)

Exponential
and Continuous
Antibiotic Gradient



MEBodoC poKpoapALWOEWV GE (WO

1. Obtain isolated celonies of bacterial strain to test.

2. Combine 4-5 colonies
and culture ovemight in
rich media broth.

4. Plate aliquot of growth
confrol (i.e., no antibiotic
added) to verify cfu/mi
counts of viable bacteria.
Incubate overnight and
count colonies.

Broth dilution method for

measuring minimum inhibitory
concentration of antibiotics

3. After overnight incubation shown at left, add rich broth with appropriate dilution series of test antibiotic to test
tubes. Example concentrations (mg/L) are shown below. Inoculate bacteria to a final density of 5 x 10° cfu/ml.
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5. After overnight incubation, check cultures for growth. The MIC is the lowest concentration of antibiotic that
prevents visible growth. In this example, the MIC is 64 mglL.



Correct inoculum MéeEBodoc nikpoapaiwong oe {wuo (BMD)

5x 10°> CFU/ml

1. Preparation of test inoculum 2. Preparation of different dilutions of antimicrobial agent
1004l 100 100pL. 100uL. 100uL 1004 1004
iy i e i e e

| Mueller Hinton Broth

| ( (
=
: | ’ |
Test Bacteria L
| | ( )
1w w0 0 ¢

Calibrator 10!

3. Inoculation on 96 well plate

(Antimicrobial agents are transferred into a
96-well microtiter plate and Inoculated
with bacterial suspension)

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

High turbidity - Bacterial
growth

Low turbidity - No bacterial
growth

Spectrophotometer No turbidity High turbidity High turbidity

(Turbidity of the sample is determined ) The lowest concentration of antimicrobial agent that is capable of
inhibiting bacterial growth is called MIC.
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EUROPEAN COMMITTEE
ON ANTIMICROBIAL
SUSCEPTIBILITY TESTING

European Saciety of Clinical Microbiology and Infectious Diseases

Version 4.0, January 2022
EUCAST reading guide

for broth microdilution

.......

BMD is the reference method for AST of
rapidly growing aerobic bacteria, except
for mecillinam and fosfomycin, where
agar dilution is the reference method.
EUCAST recommends testing according
to the International Standard ISO 20776-
1 (with the use of MH-F broth for
fastidious organisms).



MéeEBodoc apaiwonc os ayap (agar dilution)

CLINICAL AND
// LABORATORY

STANDARLS

tNsTITUTE

mecillinam and fosfomycin:

> : e L 6 o8 | agar dilution is
Methods for Dilution Antimicrobi.! . - g =
Susceptibility Tests for Bacteria That 5w ‘ ©@ © © © ; X\ © © © ¢ the reference method
Aerobically; Approved Standa; i—Te":th : / \ :
Edition

Fosfomycin Agar Dilution Panel, Liofilchem

AD Fosfomycin Workflow

@

Bacterial suspension
(McFarland 0.5)
dilution 1:10 in saline

This standard addresses reference methods for the determination
of minimal inhibitory concentrations of aerobic bacteria by broth

macrodilution, beoth microdilution, and agar diution

Fosfomycin MIC range: 0.25 - 256 pg/mlL

E \
.. @ @ H 2I‘l ) EaCh \‘fE”
I
(spot the inoculum on the agar
i from the growth-control well
to highest concentration)

Growth-control: Mo antimicrobial agent in the well.
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Detection of AMR facilitated by
Advanced Expert System (AES).

= Each of the systems has inherent advantages and limitations

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

The instruments read the kinetics = Some of the systems are not reliable for correct categorization of

of the growth using an optical susceptibility for certain drugs, leading to wrong classifications.

system with photometer/ = Software updates and synchronization of breakpoints according to the
multichannel fluorimeter current standards are mandatory.

readings to assess fluorescence / = Panels usually contain only several concentrations of each antimicrobial
turbidity /colorimetric signals 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
. X . Limited concentration of Possible automation ’
Suitable for testing a large number of isolates R ” ”
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 aiilibiotica botia tastad
The high number of test antibiotics per test
High flexibility in antibiotic selection
Detection of resistance patterns , ,
Mass use and the possibility of automatisation OX[ TLUEG 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 Seakvely ;
P P long incubation
Does not require expertise \\
Detection of resistance patterns
Automated . . : ' o o
systems Simple to perform Relatively expensive Semi-quantitative ***

L A\ e i | Y
\ Gajic | et al. Antibiotics (Basel). 2022;11(4):427.
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... Antibiotic resistance threats

P
—~q
b b

Extended-spectrum o, 7%

Carbapenem-resistant ; W e cephalosporin resistance in e
Enterobacterales suggestive ofw B ,4 5',5}

Enterobacterales (CRE) - extended- spectrum 3- Iactamase k”?’?‘*’* i
: (ESBL) production AlE

-

Methicillin-resistant
Staphylococcus aureus
(MRSA)

Multidrug-resistant (MDR) ,
Pseudomonas aeruginosa
\w 4

Carbapenem-resistant

Acinetobacter species 4 Vancomycin-resistant
) . Enterococcus (VRE)

CDC, B\?ﬁ\ibiotic Resistance Threats inthe United States



AAyopBpog yia pawvoturikn aviyveuon ESBLs og Enterobacterales

ESBL SCREENING:
IR to one or both of cefotaxime and ceftazidime T No T NoESBL
{or cefpodomxime B
iYes

Species dependent ESBL confirmation

Group 1: Group 2:
E coli, Kiebsiella spp., P mirabilis, Salmonella spp., Enterobacteniaceae with mducible chromosomal AmpC:
Shigella spp. Enterobacter spp., Citrobacter freundii, Morganella moreani,
Providencia stuartii, Serratia spp., Hafnia alvei.
i Y
ESBL CONFIRMATION! N ESBL CONFIRMATION

with ceftazidime and cefotaxime+/- clavulanic acid

¥ h J l h J

Megative: No ESBL Indetemmunate Positive: ESBL

with cefepime +/-~ clavulamic acid

Y Y

Negatve: no ESBL Indetermunate? Positive: ESBL

1If cefoxitin has an MIC >8 mg/L, . . . : .
erform cefepime+/- clavulanic acid If confirmation with cefepime +/- clavulanic acid is still
Eonfirmation tast 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



Bionumber: 04056 10450106601
Organism Quantity:

@oawvotumikni aviyvevon ESBL

Selected Organism: Escherichia coli

Antimicrobial MIC Interpretation Antimicrobial MIC Interpretation
ESRL i s P08 L | Erepenem = 0.12 S
Temocillin T Imipenem <=0.25 S
Urine <=4 1 Meropenem
Other <=4 Meningitis <= 0.25 S
Ampicillin >=32 R Other <=().25 S
Amoxicillin/Clavulanic Acid 8 S Amikacin 2 S
Piperacillin/Tazobactam <=4 S Gentamicin <=1 S
Cefuroxime >=64 R Tobramycin <= ] S
~ofuroxime Axetil >= 64 R Ciprofloxacin
| Cefoxitin <=4 1E Meningitis 0.5
Cefditoren Other 0.5 1
e T 224k iiieee Ruses, |Levofloxacin ! !
..‘.Ccfolax ime “* | Moxifloxacin 0.5 R
| Meningitis >= 64 R Minocycline (=) (=)
:| Other > 64 R Tetracycline (-) (-)
Ceftazidime 8 R =| Tigecycline <= 0.5 S
:|Cefiriaxone :| Fosfomycin
E_ Meningitis _ == 64 R :| Oral <= 16
» Other >= 64 R .| Other <= 16 S
Cefiazidime/Avibactam <=(.12 S Nitrofurantoin <= 16 S
Cefiolozane/Tazobactam <= (),25 S Chloramphenicol 4 IE
: Cefepime 2 I z|Colistin <= (.5 S
YAdicomam ... B >{ Trimethoprim/ =20 S

ssssmssmsmmEEnmn?

Sulfamethoxazole

DDST

>5 mm increase
in inhibition zone

Etest ESBL

MIC ratio 28
orifa
phantom zone
or deformed
ellipse is
present



dawoturikn aviyvevon ESBL

Etest ESBL
XpwHOoTOMETPIKEC péBOSOL Xpwpoyova u)\.u.(a
™ Liofilchem® Brilliance™
B LACTA™ test Chromatic ESBL ESBL Agar

T T T

T
WaO®T SR 9‘

.° 7

f
)r G @ Y

directly with isolated colonies or with i sz
CHROMID® ESBL CHROMagar™

£aBL

bacterial pellets from positive blood

cultures or urines

Se: 98%
Sp: 100%

bY
EUCAST guidelines for detection of resistance mechanisms and specific

resistances of clinical and/or epidemiological importance. Version 2.01. July 2017 Del Corpo O et al. Clin Microbiol Infect. 2023:51198-743X(23)00425-1.



Organism Quantity:

Selected Organism: Klebsiella pneumoniae

Vitek reports

Organism Quantity:

Selected Organism: Klebsiella pneumoniae

Antimicrobial MIC | Interpretation | ,....Antimicrabial.....}... MIC... .. Inferpetatian Antimicrobial MIC | Interpretation | ... Antimictebjgl.....[... MIC,, | Interpretation

ESBL NEG - { Ertapenem >=8 R ESBL NEG - iirtapcnem >=8 R g
Temocillin 4Imipenem >= 16 R Temocillin Imipenem >= 16 R -

Urine >=32 R 1Meropenem Urine > 32 R Meropenem §

Other >=32 1 Meningitis >=16 R Other >= 32 Meningitis >= 16 R :
Ampicillin >=32 R $.Other  >=16 R i Ampicillin >= 132 R b Other >= 16 R ¥
Amoxicillin/Clavulanic Acid >=32 R Amikacin 16 R Amoxicillin/Clavulanic Acid >=32 R Amikacin @@ g el bl <32 il
Piperacillin/Tazobactam >= 128 R Gentiimicin S= 16 R Piperacillin' Tazobactam >= 128 R Gentamicin >= 6 R
Cefuroxime >= 64 R Tobramycin >=16 R Cefuroxime >= 64 R Tobramycin 8 R
#~furoxime Axetil >= 64 R Ciprofloxacin Cefuroxime Axctil >= 64 R Ciprofloxacin

{oxitin >= 64 IE Meningitis =g efoxitin >= 64 IE Meningitis >=4
‘cefditoren Other =4 R Cefditoren Other >=4 R
Cefixime >=4 R Levofloxacin >=8 R Cefixime >=4 R Levofloxacin >= 8 R
Cefotaxime Moxifloxacin >=§ R Ccefotaxime Moxifloxacin =8 R

Meningitis >=64 R Minocycline ) ) Mecningitis >= 64 R Minocycline (-) (-)

Other >=64 R Tetracycline ) ) Other >= 64 R Tetracycline (-) (-)
Ceftazidime >= 64 R Tigecycline ) ] Ceftazidime >= 64 R Tigecycline (@) -
Ceftriaxone Fosfomycin Ceftriaxonc Fosfomycin

Meningitis >= 64 R Oral 128 R Meningitis e 64 R Oral <= 16 e

Other = Oltee 128 R S U R [P N e .01 <=16 (€D
*Ceftazidime/Avibactam 4 S Nitrofurantoin G fazidine AvibaeteMm v b a P €u e dunnnnn s Riunnnn s ¥itrofurantoin
T e i i N R - iE Cefiolozanc Tazobaciam >3 R____|Chloramphenico 16 E
Cefepime >=32 R Colistin >=16 R) S =32 B Co.hstm - el <_§- S
Aztreonam >= 64 R Trimethoprim/ >=320 R Aztreonam Can . R g:l'f:;ltolﬁ:x:vzole =2 Q/

Sulfamethoxazole




Avixveuon nopoywyng KopBomeEVELOCWY OTA
Evtepofaktnplaka: mAnpodopiec armo to aviifloypoppo

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



Avixveuon pnxovicpwyv ovtoxne: 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 = combination disk test
Carbapenem (mm) with 10 pg disks methods
S/1 breakpoint Screening S/1 breakpoint | Screening cut-
cut-off off = colorimetric assays
Meropenem® <2 >0.125 >22 <28? based on hydrolysis of
Ertapenem3 <0.5 >0.125 225 <25 carbapenems
1Best balance of sensitivity and specificity
. . . 3 ©oc0 .90 ., ., 1.00@@ —
?Isolates with 25-27 mm only need to be investigated for carbapenemase- o\Tf o€ Oe\w oY ® @\
H o \gJ
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
meropenem is <25 mm. = |ateral flow assays

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



KPC MBL Non-KPC, Non-MBL

Journal of Antimicrobial Chemotherapy (2008) 62, 1257—1260
doi:10.1093/jac/dkn364 I

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'#, Toulia Kristo?, Aggeliki Poulou?®, Fani Markou?,

Alexandros Ikonomidis? and Spyros Pournaras?

JournaL oF CLmical MicrorioLoGy, Feb. 2009, p. 362-367 Vol 47, No. 2
O005-113709/%08.00+0  doiz10.1128JCM.01922-08
Copyright © 2009, American Society for Microbiology. All Rights Reserved.

Evaluation of Boronic Acid Disk Tests for Differentiating KPC-Possessing
Klebsiella pneumoniae Isolates in the Clinical Laboratory”

Athanassios Tsakris,"* loulia Kristo,” Aggelll-:l Poulou,” Katerina Themeli- D]galak]
Alexandros Tkonomidis,® Dimitra Pelrcpclu]clu, Spyros Po1.1rnams,2 and Danai Sofianou®

JournaL oF CLmical MicromoLocy, Nov. 2009, p. 3420-3426 Vol. 47. No. 11 |
95-113709512.00  doi:10.1128JCM.01314-09
Copyright © 2009, American Society for Microbiology. All Rights Reserved.

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

Athanassios Tsakris,"* Aggellk.l Poulou,” Katerina Themeli- -Digalaki,’ Evangella Voulgari,’
Theodore Pittaras,' Danai Sofianou,” Spyros Pournaras,” and Dimitra Petropoulou®

Journal of _
J Antimicrob Chemother 2010; 65: 1319-1321 AntlmlcrOblaI'
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 Tsakris 3*

JOURNAL OF CLINICAL MICROBIOLOGY, Aug. 2011, p. 2804-2809 2011’49(8)2804-9 Vol. 49, No. 8

0095-1137/11512.00  doi: 10,1128 TCM00666-11
Copyright © 2001, American Society 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 Themeli—Diga]a]ci,2 Ageeliki Poulou, '~ Gemgia Vrioni,!
Evangelia Voulgari,' Vas1]1k1 Koumaki," Antonella Agodi,*
Spyros Pournaras,” and Danai Sofianou®

BJCM 2013;51(9):2986-90.

dourmaks ASMorm

A Combined Disk Test for Direct Differentiation of Carbapenemase-
Producing Enterobacteriaceae in Surveillance Rectal Swabs

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

Athanassios Tsakris*

Department of Microbiology, Medical Schoaol, University of Athens, Athens, Greece®, Department of Microbiology, Tzaneio General Hogpital, Piraeus, Greece™; Department
aof Microbiology, Serres General Haspital, Seres, Greece; Department of Microbiology, Faculty of Medicine, University of Thessaly, Larissa, Greece™

BJCM 2014;52(5):1483-9.

Modified CLSI Extended-Spectrum [3-Lactamase (ESBL) Confirmatory
Test for Phenotypic Detection of ESBLs among Enterobacteriaceae
Producing Various (3-Lactamases

Aggeliki Poulou,™® Evgenia Grivakou,” Georgia Vrioni,® Vassiliki Koumaki,® Theodoros Pittaras,® Spyros Pournaras,®

Athanassios Tsakris®
Department of Microbiology, Medical Schoal, University of Athens, Athens, Greece®; Department of Microbiology, General Haspital of Serres, Serres, Greece®




datvotumikn avixvevon KappBamnevepocwyv ota Evtepofaktnploka:
XPNON OVACTOAEWV KOPBOTTEVELOLOWV

CDT CDT

KPC+MBL

KPC MBL



E. coli

Antimicrobial MIC | Interpretation | __ Antimicrobial MIC _| Interpretation
ESBL POS + +] Ertapenem 0.25 S T
Temocillin :|Imipenem <=025 S :
Urine >=132 R x| Meropenem
Other >=32 1| Meningitis <=025 S :
Ampicillin >=32 R :‘ Other GO'ZLF "S"".".'
e G = T i 3
Piperacillin/Tazobactam >= 128 R Gentamicin <=1 S
Cefuroxime >= 64 R Tobramycin <= S
Cefuroxime Axetil >= 64 R Ciprofloxacin
Cefoxitin <=4 IE Meningitis 0.5
Cefditoren Other 0.5 I

’eﬁximc >= 4 R Levofloxacin 1 1
Cefotaxime Moxifloxacin 0.5 R

Meningitis >= 64 R Minocycline (=) (=)

Other >= 64 R Tetracyeline (-) (<)
Ceftazidime 32 R Ti| ine <=(.5 S
Ceftnaxonc Fosfomycin

Meningitis >=64 R Oral <=6

Other >= 64 R Other <= |6 S
Ceftazidime/Avibactam <=0.12 s Nitrofurantoin
Ceftolozane/ Tazobactam 8 R Chloramphenicol 16 IE
Cefepime >=32 R Colistin <= ()5 S
Aztreonam >= 64 R Trimethoprim/ >= 320 R

Sulfamethoxazole

()= Susceptibility testing not recommended; specles is a poor target for therapy 1E= Insufficient Evidence
may be reported without interpretation

that species is good target for therapy: MIC




@ oavoTuTlkA avixveuon napaywyne kappanevepaocwv ota EvtepoBaktnpraka

Xpwpatopetplkec pEBodol (colorimetric tests)

Carba NP Test

R R

Carbapenemase
);Q_S»R Ho
G COOH I::>\ © /N SR Em— \'P"
Cubapenem & COOH
Imipenem Acid production Selonimatsic
Red $ Yellow
phenol red
(a)
Carbapenemase
No carbapenemase production

- :
|
|

(1) Revealing solution
(internal negative control)

e

(2) Revealing solution + imipenem

(b)

Larpapenemase proaucers

gs

P

¢

READING AND
INTERPRETATION

@0 @0 @0
S ‘\:“\e zu\)‘e nu«\boe

[EIEAD O« Owiw  @ud Oonme  @rd Qoungered
c@0
NP0

NEGATIVE JCIEK I

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 B "M SN e

(mCIM/eCIM) are Currently Recommended by CLSI HOM, 0N sidling ©
tested bacteria . Cartwpehemase: Carbapenemese Mo .
\ " 35C N 35°C " positive positive Carbapenemase

U /  ahtiSmin @ 16-20h s Aatalio-- No
":::)m 9 u: " meropenem susceptible Carbapenamase  lactamase  Carbapenemase

P o E. coli 25922 _
eCiMm u eCIM
Result interpretation

(b) mCIM

Serine Carbapenemase \etallo-R-lactamase
Positive Control Positive Control

(a) Tryptic Soy Broth

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)

>
>

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.


https://asm.org/Articles/2019/May/Opening-the-Black-Box-Phenotypic-Carbapenemase-Det

Bionumber: 0201010103500210
Organism Quantity:

Selected Organism: Acinetobacter baumannii complex

Vitek reports

AU i e ol € e M1

Organism Quantity:

Selected Organism: Pseudomonas aeruginosa

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

Antimicrobial MIC | Interpretation | Antimicrobial MIC | Interpretation Comments:
ESBL Mmipenem ‘
Temocillin :Mcropcncm
Ampicillin (-) -) | Meningitis Identification Information
Amoxicillin/Clavulanic Acid P, Other Organism Origin Technologist
Piperacillin/Tazobactam >= 128 IE Amikacin Selected O . Pseudomonas aeruginosa
Cefuroxime 0 A Gentamicin S Gl Entered: Scp 15, 2023 13:42 EEST By: LabTech
=furoxime Axetil (-) (-) Tobramycin Analysis Messages:
Cefoxitin -) (-) Ciprofloxacin
Cefditoren Levofloxacin [
o 5 5 A qusceptib.ility Card: AST-N318  |Lot Number: 7582293203 |Expires: Mar 7, 2024 12:00 EET
b ) 2 Mikotycline Information Status: Final Analysis Time:  9.27 hours Completed:  Sep 15,2023 22:42 EEST
Cefiazidime 0 0 Tetracycline Antimicrobial MIC | Interpretation Antimicrobial MIC | Interpretation
Ceftriaxone () ) Tigecycline +Ampicillin (=) Meropenem
Ceftazidime/Avibactam Fosfomycin Ampicillin/Sulbactam Meningitis >= 16 R
Ceflolozane/Tazobactam Nitrofurantoin Piperacillin/Tazobactam >=128 R £ Other >= |6 R
Cefepime ) () Chlf’rmehC“iWI Cefoxitin peTesen T N R )
Aztreonam (@) (@) C°_hs"" , +Cefotaxime (-) Gentamicin >=16 1E
Ertapenem Trimethoprim/ — . ‘
Sulfimethoxazole Ceftazidime >= 64 R Ciprofloxacin >=4 R
5 Ceftriaxone (-) (=) Levofloxacin >=§ R
n Result reading e e e s ot o +Ceftolozane/Tazobactam Tigecycline ) (-)
e o S Y Cefepime >= 64 R Fostomycin (-) (-)
The growth control L e W '.@, E o B Azireonam >= 64 R Colistin 2 €s)
MUSt bR POSIE  wscunescssoses LU < - +Ertapenem 8] Trimethoprim/ -) \(:)/
M|C=MSTCLEARWELL T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T r rrrrrrr T SUIfalHCIhoxaz‘)lc
........ Tmipenem >=16 R

|

Colistin

Easy raading of the MIC with the UMIC Bax

Results sheet
Cakatn

oo s

Report on the prowded results sheat




P. aeruginosa Kot avtoyn oTiC KaPBOTEVEUEC

Multidrug-resistant (MDR)

- CO0-
Pseudomonas aeruginosa ( Nj

! j;
> N
' 5=0
( O
N :

\\'"~ c‘%"
50

AvtAieg £ {' \y
svepvnm(nq
anoBoAnq

Taén ‘Evivpa

KPC
GES

OXA

(OXA-40,
-50 -198)

VIM

IMP

NDM
SPM
GIM, AIM,
FIM




P. aeruginosa kol Q@AIVOTUTTIKN avixveuon MBL

A€V UTTAPYOUV TIPOTUTTOTIOLNUEVEC SOKLUOOLEC

Ou doklpaoiec otnpilovral otn xpnon
XNAkwv mapayovtwyv (EDTA, MPA, DPA)

o peBodoloyia

(DDST, CDT, Etest MBL)
B-AQKTOALLKO UTIOOTPW AL
eldoc Tou avooTtoAEa
TTOOOTNTO TOU OVOLOTOAEQ
XOPOLKTNPLOTLKA TWV

O O O O

oTeEAEXWV

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

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

Hervé Boutal !, Christian Moguet !9, Lilas Pommies !, Stéphanie Simon
and Hervé Volland 1#

1 3.4

, Thierry Naas >

- N
- o
-——-
- TN
> D
Detection of
multiple analytes
: e Small sample
* TAT: 15- One-st such as proteins, volumes P
. ne-step assa
30min passay haptens or
nucleic acids
AT .
sNt?)t,-;p:c(glc Visual qualitative
aBe C.6. interpretation
refrigeration) A

* Accessible to
remote areas

with a reader

semi-quantitative
or  quantitative

LFIA performance relies mostly on antibody affinity and specificity

‘//.
p \SEs

Y
N

oS

=

f'?‘\‘b World Health
?)

Organization

D

E
Equipment
free

&%

an ideal PoC test

=

Affordable

RQ
Deliverable Sensitive

ASSURED

CRITERIA i pescuﬁ c @

Rap:d & User-
Robust friendly ‘ ):

PBC

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



EvtepoBaKktnploka BE LELWHEVN EvalcOnoia

OTLC KAPBATEVEUEC

LFIA

ApVvNTLKO
Cim
eCIM \
1

_—

Avadopd otnv KAWIKA

Evnpépwon NEA

MBavn anwAela TopLvwv
AMOOTOAN OTO KEVTPO
avadopag

AAAN KapBarmnevepaon;
AMOOTOAN OTO KEVTPO
avadopag




Lateral flow assay formats

Strip structure Immunological detection Results

©

g v The control line appears: the test is correct

o Labelled !mmobilized  Antibodies recognizing v Thetest lin  positive test

"; Samplo  pecific  specific iabellad antibodies Flow direction g ol o

2 sy (:,ottm) {oniuten) ¥ No test line: negative test

8' .’.: 2 I / v No control line: invalid result

5 2 P — Ty
2 Sample Conjugate Nitrocellulose  Absorption pad Migration by caplliarity

pad pad

"5 ¥ The control line appears: the test Is correct

E Gc) Sample ‘-::;ﬁ‘: ""'"‘m_":“’ M:m‘x::‘zﬂﬂ ¥ The test line appears: positive test for at least one target
0 = antibodies  antibodies Control lin :
\; - l (Test fine) / (Con °) ¥ No test line: negative test
o 3 g2 ¥ No control line: invalid result

Q.
s 2 ¥ AT 7

3 O sample Conjugate Nitrocellulose Absorption pad Migration by capillarity
= pad  pad

+— v The control line appears: the test is correct

C & Immobilized

E Q Labelled specific Antibodies v One or several test lines appear: positive test for the

recognizing
&= Sample  Cpecific entibodieson labelled antibodies N coresponding target
P antibodies nitrocellulose [Control line) v No test li : ive test f
| ‘J; l (Test lines) / t line appears: negative test for any targst
%’- 9 7 No control line: invalid result
22 L g W , _
S ~— sample Conjugate Nitrocelluloss  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 KNWVI] RESIST-5 KPC, NDM, VIM, IMP
. Lateral flow RESIST-3 0.0.K. K-SeT OXA-163-like, KPC
OXA-48-like
Lateral flow RESIST-3 O K.MN. K-5eT 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 DKWL RESIST-2 DXA-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-5eT OXA-48-like, NDIM
Reagents RESIST-BC Carbapenemases: OXA-48-like, NDM, VIM, IMP, OXA-40/58
Reagents ReSCape Carbapenemases: OXA-43-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 KNV RESIST-5 OXA-48-like, KPC, VIM, IMP
Lateral flow RESIST-3 O K.N. K-5eT OXA-48-like, KPC
NDM Reagents RESIST-BC Carbapenemases: OXA-43-like, KPC, VIM, IMP, OXA-40/58
Reagents ReSCape Carbapenemases: OXA-48-like, KPC, VIM, IMP, OXA-40/38
Lateral flow RESIST ACINETO DXA-23-like, OXA-40/38
OXA-23-ike Lateral flow OXA-23 K-SeT
Lateral flow RESIST ACINETO OXA-40/28, NDM
Lateral flow O KNWVI] RESIST-5 OXA-48-like, KPC, NDM, IMP
VIM Reagents RESIST-BC Carbapenemases: OXA-48-like, KPC, NDM, IMP, OXA-40/38
Reagents ReSCape Carbapenemases: OXA-43-like, KPC, NDM, IMP, OXA-40/58
Lateral flow O KN RESIST-5 OXA-48-like, KPC, NDM, VIM
Lateral flow IMP K-5eT
MP Reagents RESIST-BC Carbapenemases. OXA-48-like, KPC, NDM, VIM, OXA-40/33
Reagents ReSCape Carbapenemases: OXA-48-like, KPC, NDM, VIM, OXA-40/58
Carbapenemases Reagents RESIST-BC Carbapenemases: D)(A—tlﬁ—l?l-ce, KPC, NDM, VIM, IMFE, OXA-40/28
Reagents ReSCape Carbapenemases: OXA-48-like, KPC, NDM, VIM, IME, CXA-40/28
Reagents RESIST-BC Carbapenemases: OXA-48-like, KPC, NDM, VI, IMP
OXA-40/58 Reagents ReSCape Carbapenemases. OXA-48-like, KPC, NDM, VIM, IMP
Lateral flow RESIST ACINETO QXA-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
alternative samples:

Sample 5-1001, RESIST-BC

|__ 51002, ResCape

¥ Vortexthe preparation

to homogenize

100 L

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.




NGTEST7CTX-M Multi
Stool / Urine / Biological samples ‘ Selective medium® 18-24H NG-TESTYCARBA-5 S ‘:LSE;‘S““E" . s
eta-Lactamase
, @ :

-
il %

Positive blood culture ‘ NG-Test blood culture Prep
1-5 days 10 min

Se: 100%

' NG-Test CARBA 5
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.

Boutal H et al. J Antimicrob Chemother. 2020;105(2):341-343.
2018;73:909-15. Boattini M et al. Eur J Clin Microbiol
Han R et al. Front Microbiol. Infect Dis. 2021;40(7):1495-1501.

Operating procedure from bacterial culture
2021;11:609856.

1 100 pL
ﬁ culture
colonies
3 ()
Volland H, et al. Antimicrob Agents

NG TEST7MCR-1
IDENTIFICATION PROCESS FROM DIRECT BLOOD CULTURE:  20—40 min protocol Chemother. 2019;64(1):e01940-19. 4

Rapid detection
of Colistin resistance 4¢Q?

Se: 100%
Sp: 100%
2PPA: 100%

1ml of 1mL of
Lysis EIJHEI' %Wﬂﬂ'm@ Buffer l NG TESt CARBA 5

WA AN

‘f———;‘k‘
__ LS { Se: 100%
LFntrlfamn ' Centrifugation 9 U . . Sp: 100%

then discard the then discard the
Supernatant supernatant

@5-10 min

Bodendoerfer E et al. ] Antimicrob Chemother. 2019;74(6):1749-1751. Volland H et al. J Clin Microbiol. 2019;57:e01454-18.
Fenwick AJ et al. J Clin Microbiol. 2020;58(4):e01823-19.

2NPA: 96.1%,
&

Positive blood 1ml of positive
culture Blood culture

(1-5 days)
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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
colour change in the medium (coloured colonies).

Compared with the use of conventional culture media, the use of chromogenic
agar often reduces the costs and labor time.

Their primary use is for screening of patients colonized with various pathogens.
The sensitivity and specificity depend on the manufacturer and the type of
microorganism detected

Additional confirmation of the resistant bacteria is sometimes needed.

; -

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

Advantage

Mass use and the possibility of automatisation

Simple to perform

Simple and fast interpretation

Disadvantage Comments

Qualitative with no
interpretation
criteria (S, I, R)

Not completely
susceptible and specific

Time-consuming
Limited spectra or
single antibiotic
Relatively expensive
Screening only or
required confirmatory
identification

No MIC value




Xpwpoyova ekAektika VALKa yia CRE

CHROMagar KPC,
Colorex KPC (CHROMagar)

ents

Cream, translucent

=  Melovektnua: eéAAewdn evatoBbnoiog

= AUOKOALOL AVATITUENC OTEAEXWV UE
MIC<4 pg/ml

= [poPAnUATIKA N avixveuon
oteAexwv MBL kat OXA-48

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

ChromlID Carba (bioMérieux)

-
E. coli: l.'.
pink _+. = SN:92,4%,SP: 96, 9%
to burguﬁ? »*® | . ,
* = |kavotnta avixveuong
-" ' oTeEAEXWV HE XapunAéc MICH
I-E coli s ' '
(NOML1) = Y{nAotepn Lkavotnta
2-P aerugmosa . KP C-GTE}\é
- gmup avixveuong yla XN
bluish- -green vs Brilliance CRE /CO|OF€X
to bluish-grey KPC (og upnAo Ko o€
o e % xapnAd inoculum)?
- - YynAotepn kavotnta
c® nAoTePN n
avixveuong NDM-oteAexwv3
I(pneumomae

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 ID, 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 UALKA yia CRE

Liofilchem® Chromatic CRE
Brilliance™ CRE (Oxoid)

Klebsiella
, Enterobacter
=  XaunAotepn SN Serratia
évavtL tou ID Carba Cltotadter
ylo tnv avixveuvon Acinetobacter
NDM-oteAexwv =
. col
" Yrepoxn €vavtl Tou ale pink

Brilliance™ ESBL Agar/
Brilliance™ CRE Agar

CHROMagar KPC
(43%)
= [lapouota SP

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



‘EAeyyxoc dopeiac yia CRE: kaAALepyntikeg pEBodot

Home-made tpuBAia MacConkey agar: 1 GO TS K EBeeE
: , : e€apratol:
= Mg EVOWHOATWHEVN KapBarmeveun :

! I E n ! ’
" KOVOTIOLNTLKA gvalcBnoia : ETUMESO AVTOXNG OTLG

= Me 8§{oKOoUC KOPPBATIEVEUWV: KOPBATTEVEEG

= SN/SP gfaptwvTal amo 1o dpLo ;= udpolucn alwv B-AakTapwy

" Mg S{OKOUC + OVAOTONELS:  eoeeeeeeeeeeeeeeeee e e eaeeanas e : (daoua)

= quiyveuon + Stadopomnoinon . = mapoucsia GAWV UNXAVIoUWY

, . Pournaras S, et al. J Clin : )

Xpwpoyova UALKA Microbiol. 2013; 51(9):2986-90. : OWVTOXNG :
= chromID CARBA / chromID OXA-48, bioMérieux " yewypadlkn mepLoxn, PaktnpLlako

»  YPnAn evaioBnoia kat el8kOTNTA eidoc, Selypa, xpovo enwaong,
= Brilliance CRE, Oxoid nEBodo avadopdc, oplopo

" |KOVOTIOLNTIKA gvaloBnoia kat eldlkotnTa oANBWE BETKAVY, ...

= CHROMagar KPC/ Colorex KPC, CHROMagar

= AvixveUel oteAexn pLe uPnAov ermedou avtoxn

2UyKpLlon MEAETWV-UEBOS WV

SdUokoAn



peptidoglycan cell wall structure

Methicillin-Sensitive Staphylococcus aureus (MSSA) Methicillin-Resi Staphylococcus aureus (MRSA)

PBP2a/PBP2c encoded
by mecA or mecC genes

Methicillin—resistant
S. aureus (MRSA)

Methicillin-susceptible
S. aureus (MSSA)

orfX \ mecA orfX
SCCmec

*
Integration of
SCCmec

staphylococcal cassette chromosome mec
(SCCmec)

@

mecA

MRSA

mec gene complex

cer gene complex

T ]Vc;‘;:’

Type 1(18)
(NCTC10442)

oetX 1512
IS431 A mecR!

| a—

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



@ awvotunikec pEBodot

Detection of PBP2a with
latex agglutination kits

Disk diffusion Broth microdilution

Cefoxitin (CX) : Resistance y /

Organism Quantity: Selected Organism: Staphylococcus aureus

T *PBP2c is not detected by
CEFOXITIN: a very sensitive Comments: the majority of

and specific marker of commercial assays

Identification Information

Organism Origin Technologist

me CA/m e CC- me d late d Selected Organtom i::’.hr\el‘:m(c)l:: ;urzcouz\s 17:56 EEST By: LabTech C h rom Oge n i Cc me d i d

Analysis Messages:

methicillin resistance

. . . 3 ‘usceptibility Card: AST-P659 Lot Number: 8092252103 |Expires: Jan 26, 2024 12:00 EET . "‘_ - .’- -
N Cl u d N g N h ete roge neous [information Status:  Final Analysis Time:  8.48 hours Comp Oct §, 2023 02:22 EEST ’ , ? :."“ 7
. . Antimicrobial MIC Interpretation Antimicrobial MIC Interpretation b
expressing strains T . S PRSI T 2 s @ _f- :
Benzylpenicillin >=().5 R Daptomycin 0.25 S e
° . Oxacillin >=4 R Teicoplanin <=0.5 S d
a nd IS the agent Of Ch0|ce' Ceftaroline Vancomycin <=0.5 S ~
Pneumonia 0.25 S Tetracycline <=1 S J
Other 0.25 S Tigecycline <=0.12 S \
Gentamicin <=0.5 S Fusidic Acid 8 R
Levofloxacin >=§ R Mupirocin <= ] S
Inducible Clindamycin NEG - Rifampicin <=0.03 S
Resistance
Erythromycin 0.5 S Trimethoprim/ <=10 S
Sulf: h |
Clindamycin 0.25 S

B ———



Xpwpoyova eKAeKTIKA UALKA yia MRSA

\ ‘ CHROMID® MRSA ChromID S. aureus/ Brilliance™ MRSA 2 Brilliance™ MRSA 2 Agar/ MRSA Select,
SMART, bioMerieux ChromID MRSA, bioMerieux Agar, Oxoid Brilliance™ Staph 24 Agar Bio-Rad ChromAgar MRSA

% J Y 4
Variable CHROMagar [43] BBL-CHROMagar[43] CHROMagar MR5A [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 (%) 81-93 090-96 83-94
Specificity (%) 92-97 69-87 90-96
Turnaround time (h) 18-24 18-24
Storage for incubation Room temperature 2-10°C; dark 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.



MopLakéc nEBodot yia aviyvevon tov MRSA amevuBeiac ano to deiypa: napadeiypota

Molecular Principle of CD):: glt::::;ei! TAT!
Method Used the Method Sample
i %
i o 1h
i Real-ti .
Xpert ®SA  : 1:;12 f‘;‘f :
Nasal : mecA/C, spa : Nasal
Complete  : and : samples
(Cepheid)  f gecmeconx
1.7 h
Real-time
ert ® w-gw
PCR for Positive
MRS:/ SABC L ecA/C, spa blood
ssay and cultures
(Cepheid) SCCriec-orfX
Real-time
Xpert ® PCR for
MRSA /SA mecA/C, spa BAL samples 68 m
SSTI and
(Cepheid) SCCmec-orfX

. On Culture/ Brief Advan-
Molecular Principle of on Clinical TAT! tages/Disadvantages
Method Used the Method Sample —
: 1;2232;1 : + Can analyze 350
Panlt_lllilrogll:sion : chemistries Nasal <3h - Iz%?cllj lc?:;snlirlggr?son
®MRSA f"gr‘:;";“:é’c’ ;  samples with a similar
:,’SCCmEC—G oK} method
Real time
MRSA /SA PCR for Sputu + Accurate
ELITe MGB  mecA/Cand a P, — Do not target
tracheal <3h
assay (ELITech- 5. aureus . SCCmec-orfX
. aspirate, BAL . ]
Group) specific junction
sequence
Se 86-98% LAMP * lzl‘i;fls’}zu‘;‘f:“
S 90 9 S(y E lex ® targeting S. Positive thod
p 2U-957% L aureus, S. blood 1h T N
epidermidis, cultures o Nee
— - mecA/C optimization for
CONS
gg W i gy MPUX =
£ —r

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



VRE, pnNXaVIOHOC AVTIOXNG: TPOMOnMoinon cToXov dpacnc

Vancomycin-Susceptible Enterococci

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

Vancomycin

wall synthesis

X—=>

D-Ala-D-Ala

Tripeptide containing intermediates
in cell-wall synthesis

Inhibition of cell-

Vancomycin-Resistant Enterococci

Vancomycin-resistant enterococci, in the presence
of vancomycin, make cell-wall precursors that
have low affinity for vancomycin.

-

Vancomycin

Cell-wall
synthesis

YUvBeon memtidoyAukavng mou pEPEL

TIAEUPLKEC TIEVTATIETTLOLKEC

aAuoibec mou KaTtaAyouv o€

—

D-ala-D-lactate
(VanA, VanB, VanD)

D-ala-D-serine

(VanC, VanE,
VanG, VanL, VanN)
Cleavage of o-Ala-p-Ala
L-Ala-p-Glu-L-Lys-p-Ala-p-Ala Vancomycin | p-Ala-c-Ala | | pentapeptide — tetrapeptide
oooo:f sensitivity —TL—, |
/ ﬂ-ﬂ-ﬂ H-ﬂ-O—G—G
Vancomycin ) / /
vanH - vanX vany

@"? /»Eﬁ‘—} Ve 2
\¢ Pyruvate o oO-O0-O
ﬂ Vancomycin
Arthvator ~p=Ala resistance
L
Sensor ancl requlator o-Ala-o-Lac synthesis
activates vanHAX operon vancomycin resistant

Nature Reviews | Genetics



Glycopeptide resistance due to van-type gene clusters

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.

Aquired Intrinsic
Resistance High Variable Moderate Low Low
level
Type VYanA YanB VanD VanE YanG VanL VanN VanC
MIC in mg/L:
Vancomycin =16 >4 264 632 12-16 8 8 2-32
Teicoplanin =8 0,5-1 4-64 0,5 0,5 0,5-1
Expression Inducible Inducible Constitutive/ Inducible/ Inducible Constitutive/
Inducible (vanD2) (Constitutive) Inducible
van ligase gene vanA vanB1-B3 vanD[-5 vanE vanG -2 vanL vanN vanCl-C3
Modified target D-alanine-D-lactate D-alanine-D-lactate D-alanine-D-lactate D-alanine- D-alanine-p- D-alanine- D-alanine-  D-alanine-
D-serine serine D-serine D-serine! D-serine
Conjugative Yes Yes No Mo Yes No Yes No
transfer
8 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 MNon-enterococcal faecalis faecium gallinarum
Enterococcus avium Enterococcus casseliflavus  Enterococcus avium faecal flora — vanC|
Enterococcus casseliflavus Enterococcus durans Enterococcus gallinarum Enterococcus
Enterococcus durans Enterococcus gallinarum Enterococcus raffinosus casseliflavus
Enterococcus gallinarum Enterococcus hirae Non-enterococcal — vanC2/3




Avixveuvon VRE: nmapadeiypata

MéEBodog dLaxuong Twv Siokwv Tawvieg StofoadOuiopévng
OUYKEVTPWONG

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

b) ) d)

a)

O c O

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: mapadeiypata

Moplakég pEBodol ansvBeiac ano to deiypa
AUTOMOTOTIOLNMEVA CUOTAMOTA

: VanA or VanB resistance in 20
Bionumber: 532047265773771

Organism Quantity: Selected Organism: Enterococcus faecium min' from recta| swa bS,
S = blood culture
Antimicrobial MIC | Interpretation Antimicrobial MIC | Interpretation ] )
Cefoxitin Sereen T o ) — or as culture confirmation
Benzylpenicillin ) -) Inducible Clindamycin GeneXpert
Resistance

Ampicillin >=32 R Erythromycin (-) (-) Xpert® vanA
Oxacillin Clindamycin ) ©) : ERENASA
Imipenem >=16 R Quinupristin/Dalfopristin 4 R §§ ’ ) h I‘ L Y :
Gentamicin High Level SYN-S S Linezolid I S 23 ? }é,
(synergy) 2 LR AR,
}ig;?ynfcin High Level SYN-R R Daptomycin g - I-a.‘5 ] eazyplex® VRE
( nerg ‘ e
Gentamicin S 4 Teicoplanin
Ciprofloxacin 1 Vancomycin
Urine >=8 R Tigecycline
Other >=8 Trimethoprim/
Sulfamethoxazole
Broth microdilution :  \VRE Cepheid Xpert® vanA/vanB
& mVanA SN= 87.1%, SP=99.7%, PPV=98.0%, NPV=97.7%
S A VanB SN=77.6%
o . A : :
R s == The saving of time to results corresponded to 141
b e 5 . /&8 savedisolation days and 292 saved transmission risk

Holzknecht BJ et al. New Microbes New Infect. 2017;16:54-59.



Journal of
Antimicrobial
Chemotherapy

J Antimicrob Chemother 2021; 76: 146-151
doi:10.1093/jac/dkaa413 Advance Access publication 9 October 2020

Development and validation of a lateral flow immunoassay for rapid
detection of VanA-producing enterococci

Saoussen Oueslati'?t, Hervé Volland®t, Vincent Cattoir ( %, Sandrine Bernabeu™?, Delphine Girlich?,
Ducan Dulac?, Marc Plaisance®, Maxime Laroche®, Laurent Dortet™?, Stéphanie Simon® and Thierry Naas (& 1264

00 . .
&) diagnostics

fabey

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

Saoussen Oueslati 121, Camille Gonzalez %%, Hervé Volland ** ", Vincent Cattoir *7, Sandrine Bernabeu 12,
Delphine Girlich 1,2 Duncan Dulac *, Marc Plaisance 3, Laure Boutigny 5 Laurent Dortet 120,
Stéphanie Simon 30 and Thierry Naas LB

(o)

— p ’l-l over-night colonies
0;;0- VRE MH-vanco-6 ‘ 3D
= =
on S0 =0 Se: 100%
MH ) ke | e:
(R ‘ § i ) "0 mmp E 0°
v, 1 AL loop full of o Vortex, $* ':{. :g‘ Sp: 100%)
UriSelect™ 4 Columbia agar bacteria ~ &
©
Chocolate D-Coccosel Vortex. §*
agar agar i
®) \ 100 pl. EB-50
O gua S A
ﬁ' —‘_ ' w
swu lo.@m ’ i = 3.5h, 37°C 4
BHI  VRE ’-&E e
Broth
B
They may also be used from - g
positive blood cultures, given Zoms
, _ < (|- -
a 3.5 h sub-culturing step in o | vl ;
the presence of a 5-ug o o] s
vancomycin disk R ;

C \ 200 L. lysis buffer
+ Lysin

: O i

- — |

aol | S v

VRE BHI
Broth *
30 pg
Vancomycin
disks

.‘ilmi!

,‘é.;ne-l



Xpwpoyova eKAeKTIKA UALKA yia VRE

Brilliance VRE®, Oxoid

—

Chromatic VRE,
Liofilchem

ChromAgar® VRE

chromID® VRE,
bioMerieux

Bile-esculin-azide agar +

6 mg/L vancomycin

-/;—.’o -

e ’; Napayovteg mou emnpedlouv tTnv svocOnocia

/

h xopunAn tukvotnta VRE ota kompaova
r .." = otav n avayvwon yivetot otic 24 h (vs 48 h)

-

= yapnA£g tipég MIC otn vancomycin (VanB ¢atvoturog)
= SN 25-75% (MIC <16 mg/l) vs 100% for MIC >32 mg/I.

2
Ta XpwHoyova UItEPEXOUV EVavVTL

tou BEAV: SN 89.9-93.9% vs 84.8%
ArntoteAéopata Stabéoipa 24-48 h

TABLE 2 Comparison 396 specimens (combined data)

Performance (% [95% CI])”

Medium Sensitivity Specificity PPV NPV ,

- ; . vwpitepa
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) T P R —"
InTray Colorex VRE 91.9 (86.9-94.8) 98.3 (96.6-99.3) 94.8 (89.6-97.9) 97.3 (95.7-98.3) yn cup HE:
chromID 94.9 (91.0-95.9) 99.7 (98.3—100) 98.9 (94.8-99.9) 98.3 (97.0-98.7) gUKOALQL SLAKPLONC OTTOLKLWV,
IRESelor 7 2 { = 7 ’ ) 7
VRESelect 91.9 (87.8-92.9) 99.7 (98.3-100) 98.9 (94.4-99.9) 97.4 (96.0-97.7) L
HardyCHROM VRE 89.9 (85.6-90.9) 99.7 (98.2—100) 98.9 (94.2-99.9) 96.7 (95.4-97.0) , ,
Spectra VRE 93.9 (89.9-94.9) 99.7 (98.3-100) 98.9 (94.7-99.9) 98.0 (96.7-98.3) eMIBeBALWTIKWY SOKLHACLWV

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.
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MALDI-TOF Mass Spectrometry kot avixveuon avtoxng

Matrix-Assisted Laser Desorption lonization ) %ﬁ% £-&

(MALDI) Time-Of-Flight (TOF)
Mass Spectrometry | ’
dl‘.t!bux-{LA[.!d, \Lulbh.uﬁ_iﬁJ__ﬂ_a_l;xn_u R

L
T T T T
4000 6000 8000 I?Jm 12000 14000 16000

miz

MALDI Biotyper® sirius ﬁ\

"

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

MALDI target
MI ' g Detection
. L ’. — _.%."
[ Analytes 5
Ll [ |
g - |
*‘ ﬁ miz .’
= e e e e
g
[ix] e
B ' » - e OO0 GOO -
10 Lo lsn &
[ Cocrystallization with matrix o O
— °—
' — egeétg fiel ge&im
Electrostatic field
e;.‘u;, "
 Laser desorption/ionization Acceleration and flight 1=

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
Method

Direct ID

Mechanical/
Chemical
Disruption

+
Protein
Extraction

Moulds/Mycobacteria

Concentration
+
Protein
Extraction

Clinical samples

Bacteria/ Yeasts
L

Sample Type

cultures

Urine samples

IDENTIFICATION

BIOMARKER
DETECTION

Blood sample

Positive Blood
Culture alert

IVD MALDI Biotyper” with  MBT STAR”®
Rapid MBT Sepsityper® Resistance testing ~ 60 min
1D 15-20 min from PBC

MBT HT Subtyping IVD Module
e.g. KPC detection
at the same time as ID

1 © 15-20 min & 30 - 60 min

Identification and Resistance Testing

resistance marker

detection MBT STAR®-Carba /
MBT STAR®-Cepha

MBT Sepsityper® Phenotypic detection of

same day microorganism 1D carbapenemase and

from blood culture in critically ~ cephalosporinase activity
ill patients

IVD MALDI Biotyper®
Covering thousands of species

MBT HT Subtyping IVD Module
Resistance marker detection at the
same time as 1D



Intens. [au]

Intens. fa.u]

35888 M%éﬁgéé

MALDI-TOF Mass Spectrometry kot avixveuon avtoxng

Identlflcatlon of the KPC producer

BaselineSubtracted, Smoothed

beta-lactamases Direct detection
Porin defects of AMR determinants ).

Direct detection
of AMR determinants

Direct detection :
The modified antibiotics of AMR determinants §

I EEEEEEEEEEEEEEEEEEESR

change their molecular :|dentification

weights. « of the modified drug
AMRiSidentified by /‘IIIIIIIIIIIIIIIIIIIII‘
detecting the peak shift

using the MALDI-TOF MS

IIIIIIIIIIIIIIIIIIIIIIIIIIII‘

= Identification
. of the modified drug target

‘EEEEEEEEEEEEEEEEEEEEEEEEEEERD

Identification of colistin
resistance through the
detection of modified

o lipid A
methodology Identification of
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 avixvevuon ovtoxng

®_ . :
MBT STAR Ca rba IVD Assay 2 Bactena Wlth active
C 3 carbapenemase will inactivate the
: ) baein soeni . carbapenem antibiotic by
spacies | , sion in antbiotic ' @ 3 1
e before /0 paratel | soluion hydrolysation of the B-lactam ring,
--""-""s“-'-m'f-'-:- e which is associated with a
culture plate 30 min incubation detectable mass shift.
é or U(?S!“x-ve - {60 min for 4
SOOCLIRES Acinetobacter spp) In assays with bacteria without
9 e active carbapenemase, only peaks
g A corresponding to the intact
result report 1o -
i it csatrifugation antibiotic will be present in the

suparnatant

Sensitivity 93.9% mass spectrum.

specificity, 100% 5 In assays with bacteria with active
targeat praparation
using supernatant carbapenemase, peaks of the

Sample Species J Control ID Carba

intact antibiotic will decrease.

Sample 1 Klebsiclla paeumoniac confirmed 1.09
Sample 2 Klebsiclla pacumoniac confirmed 098
Sample 3 Escherichia coli confirmed 0.02
nep control : nodt performed 003
pos control ned perfonmed 109
A controls 147

Se: 100%, Sp: 100%

Hydrolyzed'
i . 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 kot aviyveuon avtoxng

-~

O

Positive blood culture®
ar culture plate

Optional species D
before [ in parallel
[cantrol 1D) 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
VD Module

|

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

Cephalosporinase
+ 18 Da

Sample | Escherichia coli confirmed 1.28

Sample 2 Escherichia coli confirmed 1.14

Sample 3 Klebsiella variicola confirmed -0.55
neg control not performed -0.10
pos control not performed

AN AN NG BT




MALDI-TOF Mass Spectrometry ko aviyveuvon avioxng

MBT Subtyping IVD Module

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

Spectra of Klebsiella pneumoniae

m— With DIE, .- relatad paak

ESBL (negative control)

*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 blayp.
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,pc pKpQIL 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.



Applications of MALDI-TOF MS for specific AMR detection

Organism Antibiotic Year (Reference)
E. coli Polymyxins 2018 [122]
E. coli Colistin 2019 [123]
E. coli Beta-lactams (ESBL-producing isolates) 2019 [124]
Klebsiella pneumoniae a-lactams produicing tsoiates
Staphylococcus aureus Novobiocin
S. intermedius Polymyxin B 2019 [125]
S. pseudintermedius Acriflavine
S. aureus Methicillin 2019 [126]
Candida auris Echinocandins 2019 [127]
K. pneumoniae o
Bacteroides fragilis Carbapenems (carbapen&:n}alﬂ}producmg isolates) 2019 [128]
- Methicillin
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]
E. coli Cefotaxime

K. pneumoniae

Meropenem, Ciprofloxacin

2020 [135]

5. aureus Oxacillin (methicillin)
Enterococcus species Vancomycin .
E. coli Ceftriaxone 2020 [136]
K. pneumoniae Meropenem
Enterobacterales Imipenem/ Relebactam 2020 [137]
S. aureus Methicillin 2020 [138]

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



Detector

Separation: Time Of Flight (TOF) tube
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MALDI-TOF-MS

Method

Advantage Disadvantage

MALDI-TOF MS

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

No MIC value

Rapid turnaround time

Simple to perform

Low sample volume requirements
Low per-sample costs

p|31} 211835043933

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

|
” ‘m m*‘ analysis/profiling

reproducibility

=

: . TR Protein
Hithuacer " ch:notyp_mg s oo identification/in
identification ;
depth analysis

Accuracy and

No staining

Speed, short
spend time






Moplakec neEBodot: amo tnv PCR oto mNGS

Gene(s) amplification + amplicons detection

Single / Multiplex Endpoint PCR

CELLLERELE
l 95°C - Strands separate 1. Denaturing

VANNNCOUNE

«—
o«
%
g

V

le 2. Annealing

L LLLL | |
= e

l 72°C - Synthesise new strand 3. Extension
LLLLEELL
L e

L LR

5 8 giitat

Awadikaoia epywdng
Kivbuvoc emipoAUvoswv

Single / Multiplex Real time PCR

Multiplexing and miniaturization
of the hybridization step

PCR / hybridization o€ microarray

#ﬂ%y~

ii!!!"!m"""m ( ;";Nhole Genome"f'; \'\‘\\‘\‘\“\‘\h m“m“‘

\}\\
!‘i\i\;{\g‘;‘:‘:i:‘:‘:\l\‘\i\l\\\\\\\ -_?;:-./:equenclng }”}I}jll/ l?illl/}'ﬁ”

’/
AATATCCCCCG

L 2] e CCCCCGGTAT

I 1] o CGGTATCTTA

N\ ([
Sample pre- \ Library
processing | Ppreparation

Bioinformatics

Sequencing J

LB

L
U I .
AATATCCCCCG

CCCCCGGTAT AATATCCCCCGGTATCTTA
CGGTATCTTA

M
o e—




The basic workflow of molecular-based techniques for AMR detection

------------------------------------------------------
“““““
* e

Real- time PCR (qPCR)

DA Taaempose

Fluorophore quencher

rarcet DNA ‘:(2;9‘,7 N ik @anound probe
TR Vis

g /'_>O Bound probe )
g s / F"&";é'h:l\cuencber "ﬁ’\}&

Taq polymerdse ) Bound probe Clinical specimen

 u = <— REVErse

primer

[ Microbiome w [Wholegenome]

(8)
£ ~( .
(! Genetic analysis i‘

Isothermal
amplification

Fluorescence

’,"f Next-generation sequencing
Hybridization-based

P

. Tl ' Assembly |
{ Microarrays 0
[ Annotation ’

: Cycle number PCR Amplification
: ® measurement of data in real-time I

- greater sensitivity Single-gene
: : | detection

Multiple-gene

Resistance genes
detection

databases

J

: = reduced risk of contamination

= greater amenity to multiplexing
" many systems are partially or even

completely automated Resistome/Resistance profile

AN o*
'''''
-----------------------------------------------------

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



looOepUIKEC LOpLAKEG LEBODOL KaL aViXVEUON AVTOXNC: TTAPAdELYpOL

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

Amplification

eazyplex®, Amplex

80000 — — KPC

o ZSaium TAT= 20-30 min
. " / Sample: swab, culture
e ///
o —— . - NDM X X X
VIM X X X
00:02:00 00:04:00 00:06:00 - ,f}::lii:ss} 00:10:00 00-12.00 00:14:00 . « . .
eazyplex® SuperBug CRE | X x
. _NAN_ -N- OXA-40 X X
ESBL genes: C.TX 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
, _ o in 15 minutes
Confirmation from positive BC and agar plate IMP X




MopLlakec pEOoSOL Kal aviyveuon avioxnec: mapodeiypota

Xpert® Carba-R, Cepheid

TAT: 48-minutes

l n
Insert swab Trznsier Insert
. the Sample
into Sample
Reagentvial @2 Reagent -
and vortex . tothe . h@ test -
cartridge gl '
Targetedgenes | Aeiyua
OpBko
KPC, NDM, VIM, IMP, OXA-48 ctpu)\ec')q
(covering OXA-181 & OXA-232) , ¢
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 points)

TAT: 2 h
(+DNA extraction)

= VIM/NDM

cartridge Targeted
B [ <tart ’ senes 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%

: i The CPO assay: useful when handling many specimens, as tests are
conducted in batches.

Posmve cases showing high Ct values should be confirmed by another

assay to rule out false positivity.

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



JUupBatikn vs. Toxeia diayvwon
Pon epyaociac cuppatikwyv pebodwv (~48-168 h)

W

\_.!-“
15h¢ At

Epumelpkn

Short subculture:> ID AST
g Py

~ U -

E]
“Z=8 90900 P SRR (2 @ ) Wy st

Luminex

Xpwon Gram

ke
SPECIES-SPECIFIC RESULTS } N & F
Enables targeted therapy e

Antibiotic
Susceptibility
Testing

Whole Blood

Collection (4 mL)

Bacteria Culture |» ‘ Il:t:;::g:;l:m
! J\ i MALDI TOF MS ——
““““ cnfcal e | Ald‘vvwcn

Specimen

Pon epyaciac

MALDI Sepsityper
VITEK MS blood culture kit

T2Bacteria Panel | 1 resistance T2Candida Panel

Sensitivity: 95%"" AL Sensitivity: 91%3
- Gram-negati B 3
Specificity: 98%" Pl Specificity: 99%

) OXA-48 Group
E. faecium RN RN

S. aureus CTXM 14/15
AmpC(CMY/DHA)

Accelerate Pheno™ System

H ¢
Module Kit

* Automated pipetting robot « 48 flow-channel cassette
« Digital camera « Reagent cartridge

Candida albicans
Candida tropicalis
Candida krusei

Candida glabrata

K. pneumoniae

P. geruginosa Gram-positive marker
vanA/B Touchsaee monrl(x « Custom microscope S

E. coli mecA/C Candida parapsilosis

,

HOPLAKWV
HEBOSWV

2TOXEUMEVN
aywyn

@5




Direct MALDI-TOF MS identification
from positive blood cultures

MALDI-TOF MS identification
from positive blood cultures using
short sub-culture on solid medium

4 I E N EEEEE NS EEEEEEEEEEEERR)»
Molecular methods for
identification
from positive blood cultures

4EEEEEEEEEEEEEEEEEEEEEER®

ADVANTAGES LIMITATIONS ADVANTAGES LIMITATIONS ADVANTAGES LIMITATIONS
Reduced diagnostic
accuracy for polymicrobial
Identification Sl e e High cost cultures
Very rapid difficulties with Very eas .
eEthr'] identification some species y easy Slow-growing Rapid Confirmation Sensitivity is influenced by:
E to int te i nrganisms identification heeded .
Easy Confirmation might 35&;&;%?; in o the concentration of
be needed Mixed cultures EG.S]F Limited _ .
Low additional cost _ Confirmation pathogen pathogen-derived
Mixed cultures usually not needed panels nucleic acids
o the presence of PCR
inhibitors
.llllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll.- O thesamplevolume
] DNA-based identification from whole blood 1
YEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEED
ADVANTAGES LIMITATIONS

90% TWV oTiwV HLKpoBLopiiog
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 R e e TR e L e R C e L C L LA L L LR PP CE LR L LL LR EELCEEE :

American Medical Assocition : 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
and Outcomes ASSOClated Wlth A A A A A A A A A A A AN AR R R A A A A AN AN R A A A A AR R A A A A A AR AR A A A A A
Inadequate and Broad-Spectrum . ) ) . . . cr e L.
Empiric Antibiotic Use Is there risk associated with the receipt of empiric broad-spectrum antibiotics?
................................................ S

: Resistant GP isolated in
: 13.6% of patients

Outcomes Associated With Inadequate and Unnecessarily Broad Empiric Antibiotic Therapy®

: q . Outcome Inadequate vs adequate empiric thera; Unnecessarily broad vs not unnecessarily broad em irictherapyb

: Resistant GN in 13.2% - e py Y

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

: Both undertreatment : Inadequate Adequate OR(95%  value OR(95% 1alue  yuiccoccarily Not OR(95%  value OR(95% value
E (fa||ure tO cover E empiric cn c1) broad unnecessarily c1) cn

i . therapy broad

E 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 (163) 1.22) (1.03- (18.7) (10.9) 2.11) (1.06-

i . 1.37) 1.40)

E (reSIStant Organlsms E Hospital- 486/2785 2196/12 0.98 (0.88- T4 1.02 T2 1641/8405 555/3993 1.50 (1.35- =001 1.12 05

E ta rgeted bUt not E onset acute (17.5) 398 (17.7) 1.09) (0.90- (19.5) (13.9) 1.67) (1.00-

H H kidney injury 1.16) 1.26)

E 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 : i These findings underscore the need for better tests

: adjustment. i i to rapidly identify patients with resistant pathogens Rhee C et al. JAMA Netw Open. 2020;3(4):202899.
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FilmArray BCID2: 43 Targets, TAT 1 h

GRAM-NEGATIVE BACTERIA YEAST:
Acinetobacter baumannii complex *Candida albicans
Bacteroides fragilis *Candida auris
Enterobacterales *Candida glabrata
Enterobacter cloacae complex *Candida krusei \
Escherichia coli *Candida parapsilosis
Klebsiella aerogenes *Candida tropicalis
Klebsiella oxytoca *Cryptococcus

Klebsiella pneumoniae group . (C. neoformans/C. gattii)

Proteus spp.

Salmonella spp. AMR GENES

Serratia marcescens Carbapenemases k o
Haemophilus influenzae IMP Se 97 99 A’
Neisseria meningitidis KPC - o,
Pseudomonas aeruginosa OXA-48-like S p 96 99 A’

Stenotrophomonas maltophilia ' NDM Irject Samele *Huang TD et al.
GRAM-POSITIVE BACTERIA ﬁ VIM into Pouch J Clin Microbiol.
*Enterococcus faecalis Colistin Resistance: mcr-1
*Enterococcus faecium ESBL: CTX-M
sListeria monocytogenes . Methicillin Resistance
*Staphylococcus spp. ' mecA/C
Staphylococcus aureus mecA/C and MREJ
Staphylococcus epidermidis (MRSA) |
Staphylococcus lugdunensis Vancomycin Resistance: .
*Streptococcus spp. vanA/B
Streptococcus agalactiae £ Nested-PCR
Streptococcus pneumonia - | ﬁ and meltin g
Streptococcus pyogenes \ g Insert Pouchiints curve analysis
’ S —_— I || Filmfrray and Start Aun .
B 5 W U : . = dedicated

platform

Se: 98.1% GN, 97.3% GP, 99.2% Candida
Sp: 99.9% GN, 99.8% GP, 99.9% Candida

Se/Sp yta AMR yovidia: 98.4-100/98.3-100% Micro-array hybridi

> .
Salimnia.H et al. J Clin Microbiol 2016. dedicated platform

ePlex® BCID Panels

Gram-positive Organisms

e
21 naBoyova &'

6 yovidia avtoxg 20 TIOL'GOvéva |
Gram-Negative Organisms 4 vow&a avtoxng

15 0

naboyova ¢

2019;57(2). Fungal Organisms

VERIGENE® Bloodstream Infection Testing Panels

Gram-Positive Blood Culture Test Gram-Negative Blood Culture Test

(BC-GP) (BC-GN)
Species Genus Species Resistance
Staphylococcus aureus Staphylococcus spp Escherichia coli* CTX-M (ESBL)

Staphylococcus epidermidis Streptococcus spp Klebsiella pneumoniae IMP (carbapenemase)

Staphylococcus lugdunensis Micrococcus spp.* Klebsiella oxytoca KPC (carbapenemase)

Streptococcus agalactiae Listeria spp. Pseudomonas aeruginosa NDM (carbapenemase)
Streptococcus pneumoniae Serratia marcescens*™ OXA (carbapenemase)
Resistance

Streptococcus pyogenes VIM (carbapenemase)

i Genus
Enterococcus faecalis mecA (methicillin)

Enterococcus faecium

vanA (vancomycin) Acinetobacter spp.

vang (vancomycin) Citrobacter spp.

Group

Enterobacter spp.

Streptococcus anginosus Proteus spp.

zation

BC-GP

win




2uvOpouLK SLayvwon Kot aViXVEUGN YOoVLISiwv avtoXnc:
Blood Culture Panels (positive BC bottle)

|

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 s 5e:90.9 , NPA >99 9%
vanB v v
bla,pc Sp>98 % va » PPA100%
blayo v v PPAS6.2%
blagya v _ v/ PPA94.3%
blay, L, [28949% v/ PPA 100%
blae v Y PPA 100%
blacry-m v ] v PPA98.9%
mcr-1 v
~1

Time to result (h)

Peri AM et al. BMC Infect Dis. 2022;22(1):794.

Ramanan P et al. Clin Microbiol Rev. 2017;31(1) (pe emkaipormnoinon).

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

ePlex BCID, GenMark

; < PN
Resistance Resistance
Genes ¥~ Genes
CTX-M mecA

mecC
. vanA
vanB

KPC
NDM
VIM
IMP
OXA

Multiplexed NAAT and a
electrochemical detection technology
with a dedicated platform




Prospective RCT, 617 patients with BSI
Gram result reported

.................................1...............................................................................

Timeline, hours (h) 0 12 24 36 48 60 .
: Control | 18h 22.3h “39h

(n=169) AB A\ AT

2
L2 L3 L s £ 2 .
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

IIIIIIIIIINII

1.3h 4h S
- . = : : : : : : roups
- Rapid multiplex PCR K | did not differ
(n = 147) -A v - in mortality,
- LOS, or cost
- Results of the rmPCR and templated comments regarding optlmal AB therapy were communlcated )
o to the service by telephone by a lab technologist and entered into the EMR in real time

1.3h 4h

Rapid multiplex PCR + ’ ol ‘ 20 h ’ Less treatment of contaminants
stewardship (n=165) .A - 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.



Mg antibiotics

oy )
RinA

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

216 episodes of GN bacteremia, ICU

MALDI-TOF kat avixvevon Twv
yovibiwv AMR armeuBeiac amno tn
dLAAN TNC OETIKAC alpoK/ oG

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

Antimicrobial Consumption

Pre-Intervention

Intervention

: Kapud entidépaon otn Bvnrotnta

and Cost p-Value
Consumption
(DOT /1000 days present, median, IQR)
N=114 N =102
All antimicrobials 1.381 1.262 0.032 @
(1.103-2.251) (1.063-1.662)
Antimicrobial £ . tiv N=114 N =102
ntimicro mi 2r %ram-nega ive 1281 1172 0.067 2
Jactena (1.004-1.775) (1.006-1.427)
Antimicrobial for gram-positive N=52 N =43 0.004 3
bacteria 475 (238-761) 270 (139-467) '
| N=76 N=72 a
Carbapenems 836 (504-1056) 543 (301-991) 0.040
DT N =45 N =40 a
Colistin/Polymyxin B 722 (390-932) 881 (462-1001) 0.299
Ceftazidime /avibactam N=3 N=8 0.865 @

931 (725-1022)

911 (823-940)

: 30-nuepwV

: TNHAVTLKA HKPOTEPN

N oUVOALKH GLOPKELD VOONAELOG

: (44 vs. 39 npépeg, p = 0.005)

: KoL 0 xpdvocg voonAeiog otn MEO
: (17 vs. 13 nuépeg, p = 0.033)

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



Whole Blood

EXPERT REVIEW OF MEDICAL DEVICES
2021, VOL. 18, NO. 5, 473-482
hittps://doi.org/10.1080/17434440.2021.1919508

-~

-

Taylor & Francis
Taylor & Francis Group

Hours to species identification with T2ZMR vs. BC

Mean Difference

Mean Difference

META-ANALYSIS

3 OPEN ACCESS | Gheck for updates

Antimicrobial and resource utilization with T2 magnetic resonance for rapid
diagnosis of bloodstream infections: systematic review with meta-analysis of

controlled studies

T2BACTERIA
PANEL

Sensitivity: 90%’
Specificity: 98%’

E. faecium

S. aureus

K. pneumoniae
P. aeruginosa
E. coli

T2RESISTANCE
PANEL

Gram-negative marker
KPC

OXA-48 Group

NDM /VIM/IMP

CTX-M 14/15
AmpC(CMY/DHA)

Gram-positive marker
vanA/B
mecA/C

T2CANDIDA
PANEL

Sensitivity: 91%>
Specificity: 99%>

Candida albicans
Candida tropicalis
Candida krusei
Candida glabrata
Candida parapsilosis

1-3 CFU/mL LoD

Study or Subgroup Mean Difference SE_Weight IV, Random, 95% CI IV, Random, 95% CI
De Angelis [2018] -19.7 483 14.5% -19.70 [-29.17, -10.23] -

Dwivedi [2016] -133 8.59 14.2% -133.00[-149.84, -116.16]) —

Giannella [2018] -115 47 14.5% -115.00[-124.21, -105.79] -

Mylonakis [2015] 1255 13.16 13.6% -125.50[-151.29,-99.71] +——

Nguyen [2018] 783 127 146% -78.30 [-80.79, -75.81] "

Voigt [2020] -66.1 897 14.1% -66.10 [-83.68, -48.52) —_—

Walsh [2019] 88 123 14.6% -8.80 [-11.21, -6.39] u

Total (95% CI) 100.0%

Heterogeneity: Tau® = 2395.98; Chi® = 1950.48, df = 6 (P < 0.00001); I*= 100%

Test for overall effect: £=4.14 (P < 0.0001)

Pooled mean difference = =77 hours (p <0.001)

~77.45 [-114.10, -40.79]

i

100 -50 0 50 100

Favors T2ZMR Favors BC

Hours to targeted therapy among T2MR positive cases vs. BC

Mean Difference

Mean Difference

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

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

Favars T2MR Favors BC

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

Study or Subgroup  Mean Difference SE Weight IV, Random, 95% Cl IV, Random, 95% CI
Hayes [2017] -38.4 169 26.0% -38.40[-41.71,-35.09] -
Kenney [2016] -30.5 1.79 26.0% -30.50 [-34.01, -26.99] -
Patch [2018] -28 B.05 222% -28.00[-43.78,-12.22] —
Seitz [2019] 711 23 258% -71.10[-75.81,-66.59]
Total (95% CI) 100.0% -42.48 [-61.52, -23.45] ~li
o 2=  Chi2 = = 2= } } { $
Heterogeneity: Tau? = 360.01; Chi? = 208.70, df = 3 (P < 0.00001); I2 = 89% e 5 3 =




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

Mortality with T2ZMR vs. BC

Mean Difference Mean Difference

Study or Subgroup  Mean Difference  SE Weight IV, Random, 95% CI IV, Random, 95% CI

_— T2MR BC Risk Ratio Risk Ratlo
Paggi [2020] 464 988 7.2% -46.40[-65.76, -27.04] Study or Subgroup _ Events Total Events Total Weight IV, Fixed, 95% CI IV, Fixed, 95% Cl
Patch [2018] -8 146 306%  -8.00[-10.86, -5.14] - Patch [2018] 45 195 23 80 29.0% 0.80[0.52,1.23] -
Seitz [2019] 24 1.74 297% -2.40 [-5.81, 1.01] . Seitz [2018] 2 2 1 22 10% 2.00[0.20, 20.49] ¢ .

Turner [2017] 40 112 33 99 384% 1.07[0.74, 1.56]
Wilson [2017] -1 081 325% -1.00[-2.20, 0.20] " Wilson [2017] 29 74 29 87 317% 1.18[0.78, 1.77] =
Total (95% CI) 100.0%  -6.84 [-12.73, -0.95] e Total (95% Cl) 403 288 100.0% 1.02[0.81,1.29] "?'
u I I 1 ] Total events 116 86

Heterogeneity: Tau? = 27.42; Chi* = 39.68, df = 3 (P < 0.00001); P = 92% '_50 _2'5 0 2'5 50' Heterogeneity: Chi? = 2.04, df = 3 (P = 0.56); 12 = 0% :0 . 0:7 : 1:5 2:
Test for overall effect: Z = 2.27 (P = 0.02) Favors T2MR Favors BC Test for overall effect: Z = 0.18 (P = 0.86) ' Favors T2MR Favors BG

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

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

Mean Difference Mean Difference
Study or Subgroup _Mean Difference SE Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
patch [2018] T 520 10.8% 2000829 1223 = — d .............. h | ............... f ...............................................
Seitz [2019] 02 1339  3.0% 0.20[-26.04,26.44] * d : Considering hospital costs for sepsis patients
Wilson [2017) 7 264 77.2% -7.00[-12.17,-1.83)] —— g P P P
Total 95% CI) 100.0% -5.01 9,55, 048] — . range from 2,000 USD to 5,000 USD per day
Heterogeneity: Chiz = 252, df =2 (P = 0.28); I?=21% ; t i t : : i ; i
Tost oo overal affoct 2 - 2.16 (b - 0.08 A5 0 5 10 - depending on sepsis severity, implementation

of T2ZMR could theoretically reduce
Hospital stay with T2MR vs. BC. Pooled mean difference = -4.8 days (p =0.04) : hospital costs by 10,000 USD to 25,000 USD

Mean Difference Mean Difference per patie nt tested
Study or Subgroup _ Mean Difference SE Weight IV, Fixed, 85% CI IV, Fixed, 85% CI ftreeeessraeat et e aeaaE e e s ae AR ae e e e ae R e ae e e n e a e an e e areas
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] i
Total (95% CI) 100.0% -4.83 [-9.39, -0.28) ——esEl e
Heterogeneity: Chi* = 0.64, df = 2 (P = 0.73); I* = 0% 0 £ ) : 10 Giannella M et al. Expert Rev Med Devices. 2021;18(5):473-482.
Test for averall effect: £ =2.08 (P = 0.04) Favors T2MR Favors BC
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Detection of particular resistance mechanisms vs. phenotypic AST

Universal

henotvpic — Universally applicable
- As-:-yp e — Mechanism-independent

— Exact phenotypic categorisation
— Therapeutic relevance

Te— " [looa kal rtola yovidia mepthapfdavovtal ota

assays

e — Time for microbial growth :
— Expression-dependent panel

: = Emhoyn yovibiwv o€ ox€on HE TNV TOTUKNA

erudnuioAoyia tn Sedopévn XPOVLIKN OTIYHN

Mapoucta n anovota : = Mn avayvwplon KAmowwy variants ry

YEVETLKOU LNXAVIOHOU QVTOXNG QVaYVWPLON variants pe S1odpopPETIKS

e — Very rapid

USPOAUTIKO TtpOodIA
— Confirmation of resistance mechanism P P ¢
. IVIn avixvevon vewv ava&uouevwv VOVLGLwV

e — Negativity does not necessarily mean Detection

susceptibility . of selected
— Positivity does not necessarily confer .
phenotypic resistance resistance

_, Limited to some antibiotics mechanisms : ® TMoAupkpoPLakd Seiypora kat yovidia avtoxrg :

OVTOXNG

" JUYVOETOL UNXOVLOUOL AVTOXAG

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




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

Patlents with MDRO, escalation
; Median RAPID, 18.4 vs SOC, 61.7 h
(difference, 43.3 h; P =.01)
: Patients with S organisms,
: de-escalation
5 median RAPID, 29.4 vs SOC, 42.4 h
(dlfference 13 h, P =.02)

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

A100-

Cumulative percent

Cumulative percent

a0
80
70
60
50 H
Median RAPID, 8.6
40
vs SOC, 14.9 h
30 .
difference, 6.3 h, P =.02
20 4
107 SOC. mean (s = 24.7 (24.6) hours, median ([GR) = 14.9 (3.3, 41.1) hours
RAPID: mean (s.d.) = 18.0 (22.9) hours, median (IQR) = 8.6 (2.6, 27.6) hours
04 Difference in means (85% Cl): 5.6 (1.2, 10.0) hours, t-test p = 0.0126
T T T T T T T T T T T T T
0 6 12 18 24 30 36 42 48 54 60 66 72
Time to first antibiotic medification (hours)
| Randomization Standard culture and AST Rapid identification and AST |
100

90

S0C, resistant org.: mean (s.d.) = 46.4 (27.1) hours, median (IQR) = &1.7 (30.4, 72.0) hours
RAFID, resistant org.: mean (s.d.} = 30.7 (28.4) hours, median (IQR) = 18.4 (5.8, 72.0) hours
Difference in means (5% CN: 17.6 (4.9, 30.3) hours, {-test p = 0.007

SOC. susceptible org.: mean (s.d.) = 53.5 (20.1) hours, median (IQR) = 72.0 (24.2, 72.0) hours
RAPID, susceptible org.: mean (3.d.) = 48 4 (31.2) hours, median (IOR) = 72.0 (8.2, 72.0) hours
Difference in means (95% Cl): 5.2 {-1.0, 11.3) howrs, t-test p = 0.10

18 24 30 42 45

Time to first antibiotic escalation (hours)

36 54 60 66 72

‘— RAPID, resistant org. = = RAPID, susceptible org.
SOC, resistant org, == == S0C, susceptible org.

Cumulative percent

D

B ']

»|{ median RAPID, 17.3 vs SOC, 42.1 h

o{ difference, 24.8 h, P <.001

70

w_

50 -

w_

30 4

20 -

10 SOC._mean (s.0) = 41.1 (28.3) hours, median (IQR) = 42.1 (10.1, 72.0) hours

RAPID: mean (s.d.) = 31.1 (28.9) hours, median {IQR) = 17.3 (4.9, 72.0) hours
04 Difference in means {95% Cl): 10.1 (4.8, 15.4) hours, t-test p = 0.0002
T T T T T T T T T T T T T
0 6 12 18 24 30 36 42 48 54 60 66 72
Time to first GN modification (hours)
| Randomization Standard culture and AST Rapid identification and AST |
100

Cumulative percent

“I[scc, resistant org.:

_| [ Pifference in means (85% Cl): -2.2 (-13.8, 8.5) hours, tesi p = 0.71

mean {s.d.} = 51.2 (25.4) hours, median (KR} = 72.0 (26.1, 72.0) hours
RAPID, resistant org.: mean (5.d.) = 53.4 (25.8) hours, median (IQR) = 72.0 (27.5, 72.0) hours

SOC, susceplible org.: mean (s.d.) = 42.8 (25.2) hours, median {1QR) = 42 4 (18.3, 72.0) hours
RAPID, susceptinle org.: mean (s.d)) = 38.6 (27 .6) hours, median (IOR) = 29.4 {10.3, 72.0) hours
Difference in means (95% CI): 6.3 (0.8, 11.8) hours, t-test p = 0.02

18 24 30 36 42 48 54

Time to first antibictic de-escalation (hours)

60 66 72

RAPID, resistant org. == == RAPID, susceptible org.
SOC, resistant org. === == S0C, susceptible org,




Rapid AST

=
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S Dilute l Inoculate

o >

Seal with Wide antimicrobial coverage for Gram-negative

sensor panel bloodstream infections, with 176 bug drug combinations.

— i \ ! using Reveal
% \ sealer
aze B L & -3 ','QHTF &
sty Rlukahlgwmarer 96-well AST Panel Ready for loading ANTIMICROBIALDRUG  MIC CALLING RANGE S Fa S
blood culture on Reveal (g} A G R T
m 4-16 e 0 000 000 0 0 u
© © o000 -
e o °
RAPID AST SYSTEM 5 5 hours 6000000 o :
012564 ©000 ©000 :
— ws:  e©0ee000e -
© o ocoo -
S | cemame SRR ©00000000
0.25/,1/4 - 1648 ©9000000CO0OO0
NI cco0co o
wrozi  © © 00000000
i ©c0000000
S | centamon [N ©©00000000
BN : ©cococccococo o
51 0000000000
s @ © 00000000
TABLE 1 Overall performance of the Reveal AST system . ©c000 00000
Performance of Reveal AST against: soie L 00600000
v  ©00000000
Parameter or detail Sensititre Vitek 2 0.5-1 2 o
Parameter, % (no. positive/total no.) e 6600606600609 0686
EAS 98.0 (2,129/2,173) 97.0 (1,482/1,528) i, = 010 06060906 0
CAc 96.3 (2,174/2,258) 96.2 (1,554/1,615) . |
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.




Mortality outcomes with molecular rapid diagnostic testing

(mRDT) versus conventional testing in bloodstream infection

MRDT kot ASP

mRDT Conventional Testing B :

_§Jm“ Em[mt g_mmhgsg_gvents Total Events _ Total Weight, % OR (95%Cl) OR (95%Cl) : 31 ugAgtgg’ 5920 BSI pts ]

= 1.L1.mROT wi i 3
Bauer et al [17] (2010) 15 82 19 74 58 0.65 (.30-1.39) — . . . o .
Bias et al [19] (2015) 3 3 1 55 18 0.61(15-251) — : Mortality risk decreased significantly with
Box et al [20] (2015) 6 64 10 103 3.0 0.96 (.33-2.79) = 9 : . ]
Forrest et al [24] (2006) 2 119 2 84 09 0.70 (.10-5.08) : mRDT N the presence Of ASP .
Forrest et al [23] (2006) 19 72 20 76 6.0 1.00 (.48-2.09) —— . .
Forrest et al [25] (2008) 17 a5 37 129 7.4 0.54 (.28-1.04) - | .
Heil et al [27] (2012) 5 21 19 61 27 0.88 (.22-2.16) —— : . . .
Huangetal(29) 2013) 31 245 52 25 118 057 (35-92) —— : Number needed to treat: 20 patients 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 2.1 0.78 (.21-.2.84) —_— F +hi ]
Macvane et al [33] (2016) 6 23 16 45 238 0.64 (.21-.1.95) ST : BSI to prevent 1 death Wlthm 30 days :
Nage! et al [36] (2014) 11 117 19 129 53 0.60 (.27-.1.32) ] F 3
Pardo et al [39] (2016) 5 84 37 252 36 0.37 (.14-.97) —= L ) :
Perez et al [15] (2013) 6 107 12 112 33 0.50 (.18-1.37) —_— Time to effective therapy decreased by a :
Revolinksi et al [40] (2015) 8 95 13 133 40 0.85 (.34-2.14) E——— : :
Sango et al [42] (2013) 1 28 7 46 2.8 3.61 (1.18-10.89) : 0 o .
Somoonetall#d @ts) 5 67 4 59 19 11 (2a.38) —_— : 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] (2016) 8 97 19 98 43 0.37 (.16- .90) . ’. : 3
Subtotal 1745 2058 76.5 0.64 (51— .79) . 1 : _ :
SRS - - - Length of stay decreased by -2.48 days ;
Heterogeneity: 12=0.01 ¥2=19.00 (df= 18; P=.39); I2=5% L E NN EEE RN EEEE RN EEEEE RN EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEd
Test for overall effect: z=4.14 (P<.001)

: 1.1.2 mRDT without ASP:

“Beuving et al [18](2015) ~ 14 114 8 109 4.1 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 4.2 0.43 (.17-1.04) —_—
Maslonka et al [34] (2014) 6 55 10 55 29 0.55 (.19-1.64) 1
Neuberger et al [37] (2008) 1 42 4 42 07 0.23 (.02-2.17)
Wang et al [46] (2013) 8 48 8 38 29 0.75 (.25-2.23) —_— : L Better
Subtotal 659 673 23.5 0.72 (.46-1.12) < TQ:E:‘:’ St::"i""d Out
Total events 56 75 g P utcomes
Heterogeneity: ©2=0.08 y2=7.74 (df=6; P=.26); 12 =23%
Test for overall effect: z=1.46 (P=.15)
Total (95% Cl) 2404 2731 100.0 0.66 (.54— .80) ¢
Total events 233 406
Heterogeneity: 12 = 0.02 y2 = 27.22 (df= 25; P=.34); 12 =8% + t + f
Test for overall effect: z=4.27 (P< .001) 0.02 g:ors mRDT 1 Biioia conlgntion ajSO

Timbrook TT et al. Clin Infect Dis. 2017;64(1):15-23

Test for subgoup differences: ¥?=0.25 (df=1; P= .62); [2=0%



wancw  Clinical Microbiology - 2018;31(3):€00095-17. e ~50,000
4 mcrosiotocy REVIEWS 4.)
— - -40,000
updates g
S, 30,000
>
The Cost-Effectiveness of Rapid Diagnostic Testing for the i 20,000 . I
Diagnosis of Bloodstream Infections with or without ‘3’ ~10,000
Antimicrobial Stewardship w I
W 0 T T |
Elina Eleftheria Pliakos,® Nikolaos Andreatos,® Fadi Shehadeh,® Panayiotis D. Ziakas,® Eleftherios Mylonakis2
10,000 T T T T | T T T
(A) mRDT mROT (AS)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 $/death S/QALY
Strategy Cost ($) 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 12.3924 —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 —317,722 —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




Taxeio poprakn dtayvwon kot diagnostic stewardship

Right test

Right patient

Qv
A

Right time

TABLE 1 Key diagnostic stewardship considerations for implementation of rapid infectious

disease diagnostics

Goal Key question

Key considerations and potential
strategies

Is the test appropriate for the
clinical setting?

Right test

Will the clinical care of the patient
be affected by the test result?

Right patient

Will the result be available in time
to optimally affect care?

Right time

Newtovpyeia 24/7?

Sensitivity and specificity
Predictive values

Testing volumes
Diagnostic yield
Laboratory feasibility
Cost

Clinical impact
Laboratory test utilization committee
Automatic laboratory reflex

CPOE decision support
Appropriate use criteria

Indication selection

Prior authorization

Benchmarking

Specimen rejection

Time to specimen receipt
Centralized vs point-of-care testing
On-demand vs batched testing
Specimen preparation time

Run time

Result reporting time

Tpormocg mapouvoiaong
OTIOTEAECUATWV

Messacar K et al. J Clin Microbiol, 2017.
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EW. T
‘ Organisms Detected: Entembac!erales Controls:
Klebsiella pneumoniae group
Applicable Antimicrobial
............................................... Resistance Genes Detected: CTX-M
. ] NDM
Re (o) rt| n . Note: Antimicrobial resistance can occur via multiple mechanisms. A Not Detected | i ‘
orth p o . t f imicrobial resi
p g :é antimicrobial susceptibility. Subculturing is required for spedesmnliﬂegﬁo: andesur:e?pﬁb?l:t;qleglng of istr::t::m . " . °
17 .
detected” or “not Result Summary ) { .
4 ) o Gram Negative Bacteria F " " Q
E d etecte d fO r a speci fl c: Not Detected Acmetobacter calooacet:cus-baumannn complex . - P . |
I : 1 B rd . "
i _
molecular : ' .
ta I’ge't : Not Detected Enterobacter cloacae complex ( O
: ‘ Not Detected Escherichia coli Organisms Detected: Enterobacterales Controls: Passed L
+ . Not Detected Klebsiella aemgenes Klebsiella pneumoniae group
: L Kl bsiolls Applicable Antimicrobial
. _ . Resistance Genes Detected: CTX-M
9 = . e NDM
N te r p reta t ve . Not Detected Proleus spp. A Note: Antimicrobial resistance can occur via multiple mechanisms. A Not D d rosult for anti i gone(s) doos not indicate
E / Not Detected Salmonella Spp. . antimicrobial susceptibility. Subculturing Is required for species identification and suscoptibility lestlngoflsolntos
comments Wit h . Not Detected Serratia marcescens MO Doty i
: o Not Detected Heem ophilus influenzae R Antimicroblal Resistance Genes
. . : Not Detected Neisseria meningitidis Not Detected
: thera peutic gul dance :ot Detected Pseudomonas aeruginosa NotDetected  KPC
T — ot Detected il Not Detected mer-1
ect Stenotrophomonas maltophlh.eaY s NA Al
Simner PJ et al. Clin Infect Dis. Not Detected S eile alhaTa past ? 8 ond RS (BSA)
2023;76(9):1550-1558. > Not Detected Candida auris ™ OXA-48-like
Not Detected ~  Candida glabrata W
< Not Detected Candida krusei ) Gram Positive Bacteria
Not Detected Candida parapsilosis Not Detected Enterococcus faecalis
Not Detected Candida tropicalis Not Detected Enterococcus faecium
i Not Detected Listeria monocytogenes
Not Detected Cryptococcus neoformans/gattii Not Detected Staphylococous Spp.
Not Detected Staphylococcus 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 Slreprococcus pyogenes (Group A)
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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 Enterobacter cloacae complex

Staphylococcus aureus (MRSA);
further testing in progress. MRSA is
predictably resistant to beta-lactam
antibiotics (except ceftaroline).
Patient requires contact precautions Escherichia coli, blactx-m
if hospitalized. detected
Methicillin (oxacillin)-susceptible
Staphylococcus aureus. Preferred
therapy is an anti-staphylococcal E. coli, blakec detected
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.

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
p-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.



WGS: ta BRpata tnc dtadikaociac

Specimens Pure culture DNA extraction: DNA quality control:
needed to be growth: 2-4 hrs 30 min-1hr
sequenced 48 hrs

i
| * R
most data 1e|ate i , =2
to WGS for|predicting G oo G Spectrophotometer
AS assume an initial | Template preparation |
culture step i by bridge amplification ‘
1 .
! or emulsion PCR )
Raw data "~ Template generation Pooling DNA library
quality control: and sequencing: and loading: preparation:
20 min 26-36 hrs 1-1.5 hrs 4-6 hrs
e — D=
§E:£:°:iux | J}"' I w m
:;:”—-. 1111 rl “"T it n@ppp
S ‘ [ONORNONO)
3_'"” Llllh i @ Q @ @
e ® o @ .
Shearing
Adaptors/Barcodes

Amplification

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




Metagenomic NGS (agnostic NGS): to emopevo BRpa

l C Clinical specimen composed of host,

microbiome and possible pathogen(s)
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NAAT versus Genomic data

Tweet versus... Tome

WGS: Leo Tolstoy, War and Peace
. Napoleon invades Russia.
“one test fits all” poleon | nussia.
Russian aristocratic families sent
approach War ensues. French retreat.

Russians celebrate.Lots of them marrV: B T EocID, 2016
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Woodford N. ECCMID, 2016.




3 . N ORIGINAL RESEARCH
& frontiers ‘ Frontiers in Microbiology published: 10 June 2022

doi: 10.3389/fmicb.2022 804827

2

cases of phenotypically resistant

N= 500 isolates randomly selected

isolates without any known

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

One Day in Denmark: Comparison of
Phenotypic and Genotypic
Antimicrobial Susceptibility Testing
in Bacterial Isolates From Clinical Percentage and number of genotype—phenotype concordane€s
Settings

of all combinations analyzed

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) EEEEEEEEEEEETE———

Stenotrophomonas maltophilia (n=2/2) T T
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

T -t WY
'A - - B~ |0/L .

- ——

-
- -

s




stewardship
Noun: the activity or job of

protecting

and being responsible
for something

ey

"~ Our time with antibiotics
J is running out.
CHANGE CAN’T WAIT

THE FUTURE OF

ANTIBIOTICS "\“

DEPENDS ON ALL OF US

© &



| Antibiotics
Antivirals
Antifungals
Antiparasitics

CAMPAIGN GUIDE

SHARING REAL-LIFE STORIES

L JENCOURAGE GLOBAL ACTION
AGAINST ANTIMICROBIAL RESISTANCE

The following campaign guide is designed to provide key advocacy
stakeholders - including policymakers, NGOs and civil society groups,
healthcare professional associations, youth organizations, and private
companies - with easily available information and resources.
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| AWARENESS WEEK ]

18-24 NOVEMBER

Joinusinraising awareness of one
of the biggest global public health
threats:

Everyone, everywhere.atall agesis
affected

Be an AMR Awareness Champion
and for AMR!

Antibiotics

World Health  PREVENTING ANTIMICROBIAL
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