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Pristupy k detekci antimikrobialni rezistence v praxi

Jak rychle a spravné detekovat antibiotickou rezistenci v podminkach klinické
laboratore
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Obsah prezentace

Jaké jsou pristupy ke klinické rezistenci a jaké jsou definice EUCAST

Uskali rychlych metod detekce rezistence

Priklady rychlych metod v rutinni praxi
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LéCba zavaznych infekCnich onemocneni

« VCasné nasazeni spravné |éCby ma primy dopad na zvladnuti infekce
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: Delayed Antimicrobial Therapy Increases Mortality and Organ
Num of Patients 24 AN 23 52 Dysfunction Duration in Pediatric Sepsis
M Ol'tallly 83% B 5% 4 3% 2 1 2% Scott L. Weiss, MD', Julie C. Fitzgerald, MD, PhD', Fran Balamuth, MD, PhD?2, Elizabeth R.
Alpern, MD, MSCE3, Jane Lavelle, MD2, Marianne Chilutti, MS*, Robert Grundmeier, MD*5,
Vinay M. Nadkarni, MD, MS', and Neal J. Thomas, MD, MSc®
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Klinicka rezistence a jeji detekce
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Definice klinické rezistence

e S -Susceptible, standard dosing regimen: A microorganism is categorised as "Susceptible,
standard dosing regimen", when there is a high likelihood of therapeutic success using a standard
dosing regimen of the agent.

e | -Susceptible, increased exposure: A microorganism is categorised as "Susceptible, Increased
exposure*" when there is a high likelihood of therapeutic success because exposure to the agent is
increased by adjusting the dosing regimen or by its concentration at the site of infection.

e R -Resistant: A microorganism is categorised as "Resistant" when there is a high likelihood of
therapeutic failure even when there is increased exposure.
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Uskali definice klinické rezistence

Microbiological resistance

Clinical resistance
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Uskali definice klinické rezistence

Jak vysoka pravdépodobnost uspéchu / selhani IéCby je akceptovatelna?
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Rychla detekce antibiotické rezistence
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Jaka jsou uskali rychlé detekce rezistence

* Vzdy je nutné u rychlych metod zvazovat VME (very major error — chybna interpretace
vySetfovaného izolatu v citlivé kategorii, i kdyZz je referenéni metodou rezistentni)

* Nezbytné pro detekci rezistence — nasazeni vhodné ATB terapie
« Epidemiologicke ucely

« Deeskalace (??77)
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Jaka jsou uskali rychlé detekce rezistence

* Vzdy je nutné u rychlych metod zvazovat VME (very major error — chybna interpretace
vySetfovaného izolatu v citlivé kategorii, i kdyZz je referenéni metodou rezistentni)

* Nezbytné pro detekci rezistence — nasazeni vhodné ATB terapie

» Deeskalace (?77?)
— Bude oSetfujici Iékar deeskalovat mimo standardni pracovni dobu?
— Deeskalace pokud je izolat k antibiotiku volby citlivy (WT)

— Je etické deeskalovat na antibiotikum, u néhoz se projevuje biologicka
(avSak ne klinicka) rezistence (non-wild type) ??7?
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Rychla detekce antibioticke rezistence

Kultivacni techniky

Funkéni detekce mechanizmu rezistence (obvykle enzymaticka)

Detekce bunéénych struktur a enzymi zodpovédnych za rezistence

Detekce molekularnich markert (napf. specifické klony, plazmidy)
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Kultivacni techniky
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Kultivacni techniky

Referen¢ni metoda: Mikrodiluéni bujonova metoda
(stanoveni MIC)

VSechny kultivacni metody musi byt validovany oproti standardni metode (VME, ME)

Stanoveni MIC neni modelovanim infekce v organismu (!)

Odpovéd bakterialni buriky na antibiotika nemusi byt linearni
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Kultivacni techniky

Escherichio coli 1924
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Fi16. 1. In vitro killing of E. coli 1924 (top) by (A) 16 pg of mecillinam per ml, (B) 16 pg of cefamandole per
ml, and (C) both and of K. pneumoniae 1864 (bottom) by (A) 16 pg of mecillinam per ml, (B) 16 pg of cefoxitin

per ml, and (C) both. Broken line represents growth controls.
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Serrotia marcescens 1923
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Fi16. 2. In vitro killing of S. marcescens 1923 (top) by (A) 16 pg of mecillinam per ml, (B) 128 pg of ticarcillin
per ml and (C) both and (bottom) by (A) 16 pg of mecillinam per ml, (B) 16 pg of cefamandole per ml, and (C)
both. Broken line represents growth controls.
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ANTIMICROBIAL AGENTS AND CHEMOTHERAPY, Dec. 1980, p. 906-912 Vol.18,No.6

(0066.4804/80/12-0906/0702.00/0

Activity of Mecillinam Alone and in Combination with Other
B-Lactam Antibiotics

ROBERT J. FASS
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Kultivacni techniky
Rychlé AST z hemokultur

JAou[nql Ofb' ,
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J Antimicrob Chemother 2020; 75: 968-978

doi:10.1093/jac/dkz548 Advance Access publication 4 February 2020 Chemothel'upy

The EUCAST rapid disc diffusion method for antimicrobial
susceptibility testing directly from positive blood culture bottles

Emma 1* Erika M 2 and Gunnar Kahl 12

Table 4. Theoretical and actual numbers of tests, the proportions of tests that could be read and interpreted as S or Rafter 4, 6 and 8h and the cat-
egorical errors with RAST versus standard DD by EUCAST breakpoint tables version 8.0 at each reading time for all species in NE + SE [RAST breakpoint
table version 0 (v. 0) and version 1 (v.1.0)]

Incubation time (h)
4 6 8
Breakpoint table v.0 v.10 v.0n. 1.0 v.0v. 1.0
Theoretical number of tests® 7024 7361 7361 7361
Number of completed tests” 6398 6718 7210 6655
Readable zones® (% of completed tests) 5624 (88) 5811(87) 6921 (96) 6561 (99)
Results calculated on readable zones (%)
breakpoint table v.0 v.10 v.0 v.10 v.0 v.1.0
not interpreted as S or R (ATU) 20 16 16 75 14 5.7
interpreted as S 71 75 76 84 78 86
interpreted asR 88 8.8 76 85 77 8.6
Errors calculated on the total number of zones interpreted as S or R (%)
breakpoint table v.0 v.10 v.0 v.1.0 v.0 v.1.0 Jou.mql Ofb. l
mes 07 0s 05 0s 06 08 - Antimicrobia
MEs 22 21 09 11 07 09 J Antimicrob Chemother 2020; 75: 3230-3238 Chemotherd
VMEs 02 02 04 04 06 05 doi:10.1093/jac/dkaa333 Advance Access publication 13 August 2020 Py
totalerrors 31 30 18 21 18 22
Totol ruimber of Solotesinduded: n=1151, EUCAST rapid antimicrobial susceptibility testing (RAST) in blood
Minor error (mE; RAST=S or R and reference method=1); major error (ME; RAST =R and reference method =S); very major error (VME; RAST=S and ref- P = 5 iy P y g ( = )
erence method=R). cultures: validation in 55 European laboratories
“Total number of possible isolate/agent combinations. The lower number of tests at 4 h (breakpoint table v. 0) is explained by the absence of norfloxa-
cin breakpoints for S. aureus. Akerlundb2,3: 45 Eoi ek 2,3 " 6
"Number of completed tests after excluding missing data (e.q. disc dropped). Anna » Emma ht % E';'k“ behalf of h’ Lena d +Martin and
“Number of tests with readable inhibition zones. Gunnar Kahimeter > on be the RAST Study Groupt
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Kultivacni techniky

Rychla detekce u specifickych antibiotik

« Stanoveni optické density béhem rlstu

« Detekce okyseleni média (obyvklym substratem je glukoza)

» Detekce viability (NP testy — resazurin — resorufin)

 Detekce metabolitu

Reduction
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Kultivacni techniky
Rychla detekce u specifickych antibiotik

European Journal of Clini licrobic i i (2023) 42:1511-1518 ”
https://doi.org/10.1007/510096-023-04691-w AMERICAN Jc?urnall ’\(;If biol ')
Y socirvior inical Microbiolos
ORIGINAL ARTICLE ® s 9 B
2
vposien Antimicrobial Chemotherapy | Full-Length Text
Rapid detection of cefiderocol susceptibility/resistance
in Acinetobacter baumannii Rapid Aztreonam/Avibactam NP test for detection of aztreonam/
avibactam susceptibility/resistance in Enterobacterales
Otavio Hallal Ferreira Raro' ) - Maxime Bouvier? - Auriane Kerbol? - Jean-Winoc Decousser** - Laurent Poirel' (% -
Patrice Nordmann'2*®
Clément Viguier,'* Maxime Bouvier," Mustafa Sadek,* Auri: ?La irel, " Patrice 128
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5) Results interpretation
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Funkcni testy mechanizmu rezistence
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Funkcni testy mechanizmu rezistence

« Detekce enzymové aktivity

— Pfima detekce molekuly antibiotika (napf. MALDI-TOF MS, spektrofotometrie)

— Detekce prubéhu enzymové reakce(napf. zména pH)
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Detekce bunéecnych struktur
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Detekce bunécnych struktur
Priklady
* Imunochromatografie

« Detekce MRSA (PBP2a)

» Detekce karbapenemaz

Flow direction
—_ 5

Positive test

Test line Control line

1. OR-MRSA
a. USA300_C02 b. IMUB5028 c. JMUB611 d. COL
8T8, IVa ST89, 11 ST5, 11 ST256, |
mec!-, blarF1* meci*, blalkz” mec!*, blak1* mecl bial-
OXA = 48 ug/ml OXA = 128 ug/ml OXA = 256 ug/mi =>256 ug/ml
++ control ++ ++ control ++ control

Identification and characterization
of mutations responsible

for the B-lactam resistance

in oxacillin-susceptible
mecA-positive Staphylococcus
aureus

Tanit Boonsiri*?, Shinya Watanabe', Xin-Ee Tan?, Kanate Thitiananpakorn®,

Ryv Narimatsu?, Kosuke Sasaki?, Remi Takenouchi?, Yusuke Sato’o?, Yoshifumi Aiba?,
Kotaro Kiga®, Teppei Sasahara, Yusuke Taki, Feng-Yu Li¥, Yuancheng Zhang?,

Aa Haeruman Azam?, Tomofumi Kawaguchi® & Longzhu Cui™*

il .
e_— Conjugated pad Nogalive teet . Intemnational Joumal of
NC membrane Absorbent pad - I J Molecular Sciences

fabey

1 Review
le 1 Invalid test

Sample pad . Jaehi Kim ', Min-Sup Shin ', Jonghyun Shin !
- l Dong-Eun Kim !, Young Jun Kim ** and Bong-Hyun Jun **©

Recent Trends in Lateral Flow Immunoassays
| i | | with Optical Nanoparticles

~, Hyung-Mo Kim 1 Xuan-Hung Pham 19, Seung-min Park 230,
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Detekce bunécnych struktur

Lekce od ESfiLs
« CTX-M-3vs. CTX-M-15

CTX-M-3: Klasicka cefotaximasa — nehydrolyzuje ceftazidim

CTX-M-15: Hydrolysuje cefotaxim i ceftazidim

e Substituce jediné aminokyseliny Asp-240 — Gly CTXM15 CTX-M3
Substrate ko) Ku@M) kK MM'sY) k(s K M) kK, (M)
Benzylpenicillin 40 10 4 270 25 110
Amoxicillin 20 38 05 160 185 1
Ticarcillin 2 5 05 40 29 1
Piperacillin 35 13 3 180 66 3
Cefalothin 35 43 05 2800 96 30
Journal of Antimicrobial Chemotherapy (2002) 50, 1031-1034 A C Cephaloridine 130 83 1.5 130 300 0.5
DOI: 10.1093/jac/dkf240 ] Cefuroxime 70 13 5 3 49 0.07
Biochemical analysis of the ceftazidime-hydrolysing extended-spectrum i T B - e . o
B-lactamase CTX-M-15 and of its structurally related -lactamase Ceftriaxone 135 37 35 30 58 0.5
CTX-M-3 Cefotaxime 150 54 3 380 13 35
Cefepime 10 1075 0.01 02 170 0.001
Cefpirome 120 195 0.6 30 316 0.1
Laurent Poirel!, Marek Gniadkowski? and Patrice Nordmann'* Imipenem <0.01 ND ND <0.01 ND ND
Aztreonam 15 11 0.1 190 188 1
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Priklady rychlé detekce klinicky a epidemiologicky zavazné rezistence
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Detection of Carbapenemases
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MALDI-TOF MS — detekce B-laktamaz

° 3 &
Detekce karbapenemaz S 8
preparation
e Detekce ES B L aAm p C 20 mM Tris-HCl Centrifugation
20 mM Nacl of 1 ml of the
pH7.0 suspension
« Stanoveni typu dle citlivosti
" " . o
K inhibitorim .
Resuspension
of pellet (in 50ul) )
Incubation at ﬁ MALDI-TOF MS
35°C for 2 . ; (matrix: DHB
- . Centrifugation
Lot S Moo S e o TSR hours | crimemimwe | InS0%ethano
Copyright © 2011, American Society for Microbiology. All Rights Reserved.
Carbapenemase Activity Detection by Matrix-Assisted Laser
Desorption Ionization-Time of Flight Mass Spectrometry”
Jaroslav Hrabak,* Radka Walkova, Vendula Studentovd, Eva Chudéackova, and Tamara Bergerova SO ST St 00 dano LA cn vy 7 34 Rl

Copyright © 2011, American Society for Microbiology. All Rights Reserved.

Matrix-Assisted Laser Desorption Ionization—Time of Flight Mass NOTES

Spectrometry-Based Functional Assay for Rapid Detection of
Resistance against 3-Lactam Antibiotics

Using Matrix-Assisted Laser Desorption Ionization-Time of Flight
Mass Spectrometry To Detect Carbapenem Resistance
within 1 to 2.5 Hours"

Irene Burckhardt* and Stefan Zimmermann

Department for Infectious Diseases, Microbiology and Hygiene, University of Heidelberg,
Im Neuenheimer Feld 324, D-69115 Heidelberg, Germany

Katrin Sparbier,® Séren Schubert, Ulrich Weller, Christiane Boogen, and Markus Kostrzewa®

Bruker Daltonik GmbH, Bremen, Germany?; Max von Pettenkofer-Institute, Munich, Germany®; and Praxis fiir Laboratoriumsmedizin, Arztliche Gemeinschaft fiir
Diagnostik K6In-Bonn, Cologne, Germany®
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MALDI-TOF MS — detekce B-laktamaz
Specificka detekce enzymu typu OXA-48
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Direct identification of OXA-48-type carbapenemases by @
detection of S-lactone-specific signal using =24
matrix-assisted laser desorption/ionization time-of-flight

(MALDI-TOF) mass spectrometry

Vendula Studentova, Lucia Dadovska, Jaroslav Hrabak*
Biomedical Centre, Faculty of Medicine in Pilsen. Charles University.
Alej Svobody 76. 323 00 Pilsen, Czech Republic

Department of Microbiology. Faculty of Medicine in Pilsen, Charles
University. Alej Svobody 80, 32300 Pilsen, Czech Republic
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Detekce karbapenemaz pomoci imunochromatografie

 Rychla detekce karbapenemaz 5 nejvyznamnéjSich skupin (skupiny: KPC,
OXA-48-like, NDM, VIM, IMP)

* Negativni vysledek vsak neznamena, ze kmen neprodukuje karbapenemazu!
Zavisi na lokalni epidemiologické situaci.

: Katefina Vlkova

www.ngbiotech.com
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MALDI-TOF MS — Detection of Specific Marker
Detection of putative pKpQIL plasmid
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A Rapid Matrix-Assisted Laser Desorption Ionization—-Time of Flight
Mass Spectrometry-Based Method for Single-Plasmid Tracking in an
Outbreak of Carbapenem-Resistant Enterobacteriaceae

T
2000 4000 6000 8000 10000
Anna F. Lau,® Honghui Wang,” Rebecca A. Weingarten,® Steven K. Drake,” Anthony F. Suffredini,® Mark K. Garfield,® Yong Chen,®
M/z (Da)

Marjan Gucek,? Jung-Ho Youn,? Frida Stock,® Hanna Tso,” Jim DeLeo,® James J. Cimino,® Karen M. Frank,? John P. Dekker®
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MALDI-TOF MS — Detekce specifickych markeru
Detekce pravdépodobného plazmidu pKpQIL

* Nejedna se o detekci karbapenemazy!
« Stejny gen muze byt nalezen i na jinych plazmidech

* Epidemiologie bla, .. je mnohem komplexnéjsi (nejen pKpQIL je zodpovedny za Sifeni)

producing Enterobacterales were recovered from 20 hospitals. Analysis of long-read sequencing
data revealed the presence of several types of bla,..-carrying plasmids; 19 out of 25 bla,,-carrying
plasmids could be assigned to R (n=12), N (n=5), C(n=1) and P6 (n=1) incompatibility (Inc) groups.
Five of the remaining bla, . -carrying plasmids were multireplicon, while one plasmid couldn’t be

AN
ngM LETTER TO THE EDITOR typed. Additionally, phylogenetic analysis confirmed the spread of bla,.-carrying plasmids among
different clones of diverse Enterobacterales species. Our findings demonstrated that the increased

Tn4401 Carrying blayp Is Inserted within Another Insertion in
pKpQIL and Related Plasmids

Evidence of an epidemic spread
of KPC-producing Enterobacterales
in Czech hospitals

Lucie Kraftova'?, Marc Finianos*?, Vendula ', Katerina Cl S
Vladislav Jakubu*, Helena Zemlickova®*, Costas C. Papagiannitsis**?, Ibrahim Bitar** &
Jaroslav Hrabak*?

Sally R. Partridge
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Nové technologie ve stadiu proof-of-concept
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Nove techniky - priklady

* V soucCanosti je vyvijena fada metod

* VSechny metody vSak vyzaduiji
precizni validaci

Rapid and visual identification of
P-lactamase subtypes for precision antibiotic
therapy

Received: 4 2023 i Li2, Jinggi Li'?, Hua Xu®, Hongmei Gao® & Dingbin Liu®'?

.. National Institute
of Virology and Bacteriology
[ 4
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Conclusions
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V soucCasnosti je k dispozici fada metod pro rychlou AST
VétSina metod vSak neni aplikovatelna pfimo na klinicky vzorek (kromé PCR)

VS8echny diagnostické metody musi byt precizné validovany (IVDR legislativa
EU)

DalSi metody jsou ve stadiu proof-of-concept
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Predikce antibiotické rezistence

Detekce mechanizmu
rezistence

Pokud neni
mechanizmus
rezistence detekovan
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