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MuwpofLoAoyikr} Avtoxi

EVOC ULKpOOpPYaVIoUOC opiletal we non-wild type (NWT) yia €va €idoc Aoyw
TNG TOPOUCLOC €VOC ETKINTOU pNXaviopoU avtoxng N HeETaAAdéewv Tou
npoodidouv avtoxr oto v AOyw aviLBLOTIKO

EVOC ULKPOOPYAVIOUOC Kkatnyoplomoleitat w¢ NWT vy €va  €idog,
epappolovtac tnv KatdAAnAn ECOFF twun os €va koBoplopevo GatvoTuTiLKoO
ocvotnuo SOKLUAG

n ECOFF T 6ev Ba aAAdeL amo petafarAopeveg cuvOnkeg

o. NWT ukpoopyoviopol Hmopel va aviamokpivovtat 1 va pnv
QVTOTTOKPLVOVTOL KALVLKA OTNV VTLULKPOPLAK aywyn

Microbiological resistance

Clinical resistance




KAwvikn Avtoxn

No. of strains

EVOG HLKPOOPYOVIOUMOG oplletal WG avBektlkdG amo €va  eninedo
aVTLULKPOPLaknS 6paong mou oxetiletal pe uPnAn mbavotnta BepATEVTLKAC
amotuyiag

EVOC ULKPOOPYOVIOUOC KaTnyoplomoleital we avOekTikog (R) epappolovrag to
katdAAnAo breakpoint oe éva kaBoplopévo patvoturmiko cuotnua SOKLUAC

1o breakpoint pnopei va tpomomnownBet anod petafaAAopeVEC CUVONKEC

30 + - susceptible
break point population
40 - Resistant . Enterobacterales™
. - Expert Rules and Intrinsic Resistance Tables
subpopulation
Carbapenems’ MIC breakpoints
: (mg/L)
30 - Resistant : s< | R> | ATU
. H Doripanam 1 2
subpopulation : Ertapenem a5 55
. Imipenem, Enterobacterales except 2 4
. Morganallaceas
20 H Imipenem’, Morganellaceae 0.001 B
Imipenem-relebactam, Enterobacterales 2 23
excepl Morganellaceas
Mearopenem (indications other than 2 8
meningitis)
10 — . Meropenem (meningitis) 2 2
Maropenem-vaborbactam gt g*

6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35

zone diameter (mm)



KAwvikn Avtoxn

* n kaBuotepnpevn A UN KATAAANAN avtiBlotikn Bepameia ocuvnOwS avéavel T

BvnoLpotnta o coBapEC AOLUWEELC

Avaykn ya ypnyopec SOKLUEC evatoBnolog

60 -
[ Survivors
so - [ Non-survivors
o 40
)
&
o 30
w
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10 -
0 I ; | . —
€1lhr 1to<£2hrs 2to €3 hrs >3hrs
Num of Patients 24 31 23 52
M ortality 8.3% 6.5% 4.3% 21.2%
Time from sepsis recognition to initial antimicrobial

administration with survival fraction.
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Published in final edited form as:
Crit Care Med. 2014 November ; 42(11): 2409-2417. doi: 10.1097/CCM.0000000000000509.

Delayed Antimicrobial Therapy Increases Mortality and Organ
Dysfunction Duration in Pediatric Sepsis



MALDI-TOF MS

H  OUYKeKplUEVN  TeXvoAoyla  TAPAYEL  OTTIKA
amotuntwpota palac (mass optical fingerprints), ta

orola elval povadika yla KABe UKpoOOopYyaVLOLO.
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MALDI-TOF MS

To 1996, ot Holland et al. avédepav yia tpwtn popd 6tL MALDI-TOF MS spectral

fingerprints pmopovcav va amnoktnBouv amo oAokAnpa Baktnplakd KUTTOpa

YwpLc mpoeneéepyaoia tplv thv MS avaAuon.

MA€ov, n MALDI-TOF MS XpnOLUOTIOLE(TOL EUPEWC YLlO TO XOPOKTNPLOMO Miog

EUPELOC TTOKIALOC pIKpoopyavIoUwV (BaktrpLla, LUKNTEC Kal Lol).
* AKépalol PLKpOOpYaVIOHOL pmopouv apeca va avoAuBouv pe tn MALDI-TOF MS pébodo ywpig
npoeneéepyaoia, emneldn ta mMEpLoootEpa  Paktipla AVovtol HETA amo €kBeon o€ VeEPO,

opyavikoU¢ StaAuteg ) oxupad of€a ota MALDI-matrices.

e T tnv MALDI-avadAuon avOekTikwy MIKpoopyaviopwy (Oomwg i, Paktnplakol omopot,

OKTWWOMUKNTEG Kol HUKNTEG) €Ok mpoemnetepyaocia 1 Sladkaole¢ amopovwong MPWIEIVWV

Hrtopel va eivol xprioLueg.



MALDI-TOF MS

tn MALDI avaAuon, ta Sslypata nmapaockevdlovtal Pe avapleén tou Selypatog pE Eva

matrix, To oToi0 £XEL WC ATTOTEAECHA TN KPUOTAAOTIOLNGN TOU SElylaToC EVTOC TOU matrix.

To matrix amoteAeital and pkpd oflkd popla, T

omola Toapouclalouv LoXupry OMTKN armoppodnon

oto €Upo¢ TOU AEWEP-UAKOUC KUMATOC TIOU Wl ol 11 T e

XpnotLuorotettat. Detector (NN 4 |
—— Detection
P et A

Ta 1o ouxvd XPNOoLUOTIOLOUEVA matrices gival: 06.0,°

* 2,5-dihydroxybenzoic acid (DHB) o0 B e

up to 10 kDa Flight tube qpo (no electric field)
* a-cyano-4-hydroxycinnamic acid (HCCA)

* sinapinic acid (SA)

. . - g

* ferulic acid (FA) } above 15 kDa Laser o 1 '

(- (electrostati field)

above 15 kDa

* ko 2,4-hydroxy-phenyl benzoic acid. —— high .

igher sensitivity

Matrix-assisted

laser desorption
ionization
(MALDI)

Crystallised matrix
with analytes




MALDI-TOF MS

ErtutAéov, €xouv avamtuxBel eAmidodopec mpooeyyioelg yla TNV avixveuon tng avioxng oe
dtadopa peow tou MALDI-TOF MS
* Avixveuon twv Bavkopukivn-avOekTikwv Enterococcus spp.
* Avixveuon twv MRSA oteAexwv

‘.“frog'_ltiers cesaae peseanc

* Avixvevon tn¢ SpaoTkOTNTAC TWV B-AAKTAUACWVY
*  AVAAUOHN TWV CUCTATLKWY TOU KUTTAPLKOU TOLXWHOTOC Rapid detection of porins by

matrix-assisted laser
desorption/ionization-time of flight

e Avixveuon Twv B-AoKTOHOCOWVY mass spectrometry

Virr-Yar Hu, Ja-Charg Cai, Hong-Wei Zhou, Rong Zhang snd Gong-Xing Chen®

AAC

JCM
Identification of CMY-2-Type Cephalosporinases in Clinical Isolates of Use of Matrix-Assisted Laser Desorption Tonization-Time of Flight
Enterobacteriaceae by MALDI-TOF MS Mass Spectrometry To Identify Vancomycin-Resistant Enterococci and

Investigate the Epidemiology of an Outbreak

C. C. Papagiannitsis,® S. D. Kotsakis,” Z. Tuma,® M. Gniadkowski,” V. Miriagou,” J. Hrabak® . . ) . - . . N
Paul M. Griffin," Gareth R. Price,” Jacqueline M. Schooneveldt,” Sanmarié Schlebusch,” Martyn M. Tilse,” Tess Urbancki,
Brett Hamilton,® and Deon Venter™®

ScienceDirect Y
DI Saty wypnele seSchencan) u___OMM Joumsas or Cusica Miceoesoocy, Sepe. 30 1, p. 33333357 Val. 49, Mo 9
International Journal of Medical Microbiology i Wt
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journal homepage: www.elsevier.com/locate/ijmm

Carbapenemase Activity Detection by Matrix-Assisted Laser

Identification of agr-positive methicillin-resistant Staphylococcus Da:mrplion Ionization-Time of thhl Mass Spcclmmelr}y
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gszixtliof;zt[):yunng[ e class Amec complex by MALDIETOR mass Jaroslay Hrabak,* Radka Walkovd, Vendula Studentovd, Eva Chudickovd, and Tamara Bergerovi

Michaele Josten, Jasmin Dischinger, Christiane Szekat, Marion Reif, Nahed Al-Sabti,
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NOTES Matrix-Assisted Laser Desorption Ionization-Time of Flight Mass
Spectrometry-Based Functional Assay for Rapid Detection of
Using Matrix-Assisted Laser Desorption Ionization-Time of Flight Resistance against 3-Lactam Antibiotics
Mass Spectrometry To Detect Carbapenem Resistance
within 1 to 2.5 Hours’ Katrin Sparbier,” Séren Schubert® Ulrich Weller,” Christiane Boogen,® and Markus Kostrzewa®

Irene Burckhardt* and Stefan Zimmermann



MALDI-TOF MS

MALDI-TOF MS In susceptibility testing

* Rapid determination of MIC equivalent for categorization of isolate (S/I/R)

* Detection of resistance mechanism

* Detection of epidemiological markers (clones connected with antibiotic resistance)
* Interpretative reading

* Epidemiological purpose



MALDI-TOF MS

Aviyveuon tnc SpaoTKOTNTAC TWV B-AaKTAMACWV

To 2011, dVo epeuvntikec opadec anedetav (Hrabdk J et al. 2011; Burckhardt | et al. 2011)
otL N MALDI-TOF MS pmopel va avixveUuoel tn SpaoTIKOTNTA TWV KAPPATIEVEUAOWY, LECW

TNG ATELKOVIONC TWV KAPBATTEVEUWV KL TWV TIPOLOVTWY SLAoTIOoNG TOUC.

e XPNOLUOTIOLELTOL OTN POUTIVOL OPKETWV HLKPOBLOAOYLKWY EPYOOTHPLWV
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Desorption Ionization-Time of Flight Mass Spectrometry rene Burckbardt® and Stefan Zimmermann

Jaroslav Hrabik* Radka Walkovd, Vendula Studentovi, Eva Chuditkovid, and Tamara Bergerovi



MALDI-TOF MS

Aviyveuon tnc SpaoTKOTNTAC TWV B-AaKTAMACWV

Apxn tnc ueBodou meropenem-hydrolysis assay:

3 McFarland

20 mM Tris-HCI Centrifugation

150 mM NaCl of 1 ml of the

pH 7.0 suspension
Resuspension

of pellet (in 50ul)

é MALDI-TOF MS

Centrifugation | (matrix: DHB
of the mixture | in 50% ethanol)

20 mM Tris-HClI
0.01% SDS

50 mM NH,HCO,
0.1 mM meropenem
pH 7.0 o o o s g . 55 s

ESTIIIS1200  daist 11 280C MLONSSL.01
Copyright € 211, American Secicty for Microbialogy. All Rights Beserved.

Carbapenemase Activity Detection by Matrix-Assisted Laser
Desorption Ionization-Time of Flight Mass Spectrometry”
Jaroslav Hrabik,* Radka Walkovd, Vendula Studentovd, Eva Chudiékovd, and Tamara Bergerovi



MALDI-TOF MS
Aviyveuon tnc SpaoTKOTNTAC TWV B-AaKTAMACWV

Matrix:

* 2,5-Dihydroxybenzoic acid (DHB) 10 mg/ml, in 50 % ethanol

e To CHCA umopel eniong va xpnotlpornotnBsi, aAAd 1o Sipepeg tou Ba KaAUPEL TNV
Kopudn tTNG pepomeveUnC (Hmopel va xpnotpomotnBel yior AAAEC B-AaKTAWEC)

Meropenem

Ak / /Meropenem Na salt o 2,5-Dihydroxybenzoic acid
| (DHB)

sl il
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Carbapenemase Activity Detection by Matrix-Assisted Laser
Desorption Ionization-Time of Flight Mass Spectrometry”
Jaroslav Hrabik,* Radka Walkovd, Vendula Studentovd, Eva Chudiékovd, and Tamara Bergerovi




MALDI-TOF MS

Aviyveuon tnc SpaoTKOTNTAC TWV B-AaKTAMACWV

NMwc VoL AMMOKTNOETE aVayVWOoLLO Aot

* MMaifte pe mapaperpouc (voltage, laser intensity, pulse time)
* 'H pwTtAOTE TNV ETALPELQAL...

* Mpwv petpnoete ta Oelypoatd oacg, PeAtotomouw)ote 1t HETPNON o€ SlAAvpa
avTLBLOTIKOU




MALDI-TOF MS
Aviyveuon tnc SpaoTKOTNTAC TWV B-AaKTAMACWV

Epunvela Twv Gacuatwy:

Interpretation
Peak at
m/z of:

Carbapenemase Non-carbapenemase
producer producer

Present Absent

Present Absent

Absent Present

Absent Present

e Kata tn O&udpkela kaBe pETPNONCG, TPEMEL va  oupmeplAapBavetat  Stalvpa
LLEPOTIEVELNG, OETIKOC KOl APVNTLKOG LAPTUPOC
* Eav BA€mete kal Toug dUo TUTMOUC KOPUdwWV (TTOU AVTUTPOCWTIEVOUV TO GUGCLKO HOPLO

Kall TO Ttpoiov amodopnonc), EMAVOAAPBETE TN UETPNGA: s dwmesey s i 2 s

Copyright € 11, American Socicty for Microbiology. All Rights Reserved.

Carbapenemase Activity Detection by Matrix-Assisted Laser
Desorption Ionization-Time of Flight Mass Spectrometry”
Jaroslav Hrabik,* Radka Walkovd, Vendula Studentovd, Eva Chudiékovd, and Tamara Bergerovi



MALDI-TOF MS

Epunveio twv paopatwy
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MALDI-TOF MS

Aviyveuon tnc SpaoTKOTNTAC TWV B-AaKTAMACWV

* To 2012, ot Sparbier et al., €deléav tnv tkavotnta tou MALDI-TOF MS va aviyveUel Kat
AAAQ B-AQKTOULKA OVTLRLOTLKA, OTIWC N ATtKIAALYN, N miumepaktAAivn, n kepotaipn kot
n keptalldiun.

* EmutAéov, €6e€av OTL pUmopel va avayvwpiloel Toug TUTOUC B-AaKTapdong He T Xpnon
TwWV avaoToAéwv KAaBouAavikoU o€€oc, TalOUMAKTAMNG Kal apwo-dalvuAoBopovikou

xiod A xio$

0§e0q. . g ; D

g.CM

Matrix-Assisted Laser Desorption Ionization-Time of Flight Mass
Spectrometry-Based Functional Assay for Rapid Detection of
Resistance against 3-Lactam Antibiotics

Katrin Sparbier,* Soren Schubert,” Ulrich Weller,” Christiane Boogen,” and Markus Kostrrewa®™




MALDI-TOF MS

Aviyveuon tnc SpaoTKOTNTAC TWV B-AaKTAMACWV

H aéloAoynon tou mpwtou gpumoptkol teoT, Tou IVD eykepkipeévou MBT STARCarba kit

(Bruker Daltonics, Bpgun, Mepuavia), yla tnv aviyveuon twv KapPomeveUOoWY HE TN

xpnon tng MALDI-TOF MS énuootevtnke to 2018 (Rapp et al. 2018).

Contents lists available at ScienceDirect

Journal of Microbiological Methods

5 journal homepage: www.elsevier.com/locate/jmicmeth

Note
2 :; 1Detecticm of carbapenemases with a newly developed commercial assay m)
using Matrix Assisted Laser Desorption Ionization-Time of Flight EeS
175 Ellionor Rapp’, @rjan Samuelsen”, Martin Sundqvist™"
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MALDI-TOF MS

Aviyveuon tnc SpaoTKOTNTAC TWV B-AaKTAMACWV

* H mnpoobnikn NH,HCO; oto 6tdAupa avtidbpaong tng MALDI-TOF MS Gokipaociag
BeAtiwos Spapatika tnv gvaloOnoia tng (98%) Kupiwg €vavtl TwWV OTEAEXWV TIOU

napryayav tnv OXA-48-tumou kapBarmnevepdon.

TABLE 3 Diagnostic values of the MALDI-TOF MS assays and Carba NP test for the detection of carbapenemase-producing isolates”
No. of results

Method TP ™™ FP FN Sensitivity Specificity

MALDI-TOF assay 87 (65) 48 (41) 0(0) 26 (18) 77% (78%) 100% (100%)
Carba NP test 86 (92) 48 (48) 0(0) 27 (21) 76% (81%) 100% (100%)
MALDI-TOF BIC assay 111 (80) 48 (41) 0{0) 2(3) 98% (96%) 100% (100%)

@ TP, true positive; TN, true negative; FP, false positive; FN, false negative. The numbers in parentheses refer to the diagnostic values for the automatic interpretation for each
method. Automatic interpretation was not applied to the spectra of P. aeruginosa isolates.

Matrix-Assisted Laser Desorption lonization—Time of Flight Mass
Spectrometry Meropenem Hydrolysis Assay with NH,HCO;, a
Reliable Tool for Direct Detection of Carbapenemase Activity

Costas C. P

i is,® Vendula Stud 4, Radoslaw Izdebski,” Olga Oikonomou,® Yvonne Pfeifer,” Efthimia Petinaki,®
Jaroslav Hrabak®®




MALDI-TOF MS

Aviyveuon tnc SpaoTKOTNTAC TWV B-AaKTAMACWV

*  Mua cUyKpLon TwV Hoplwv KapBameveung ya TNV avixyvevon Baktnpiwy mou mapayouv
KapBamnevepdoec e tn xpnon tng MALDI-TOF MS €6&l€e OtL n LUteveEUn Ttapouaciale
vPnAotepn evatoBnoia (97%) kot ewdikotnta (100%) yio ta oteAéxn Pseudomonas
aeruginosa amo Trn UEPOTIEVEL.

Contents lists available at ScienceDirect

Journal of Microbiological Methods

Jjournal homepage: www.elsevier.com/locate/jmicmeth

Note

Comparison of imipenem and meropenem antibiotics for the MALDI-TOF MS @ mmmmmm .

detection of carbapenemase activity

Veronika Rotova, Costas C. Papagiannitsis*, Anna Skalova, Katerina Chudejova, Jaroslav Hrabak
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* To 2000, oL Edwards-Jones et al. avédpepav TV avixveuon cUVOALKA

s 14 MRSA-€l8KwV Kopupwv e
% Kat 2 MSSA-el6kwv kopudwv

Rapid discrimination between methicillin-sensitive
and methicillin-resistant Staphylococcus aureus by
intact cell mass spectrometry

VALERIE EDWARDS-JONES®, M. A. CLAYDON*, D. J. EVASON®, J. WALKER?, A. J. FOX*f and
D. B. GORDON*

* Avtifeta, oL Bernardo et al. dev Bprikav cuoxEtion HETaEL TwV GaCHATIKWY TIPodiA Kol
Twv oteAexwv MRSA i MSSA. Qotoco, amedeléov TNV AVOITOPAYWYLHOTNTO TWV
Aappavopevwy paocpatikwy tpodiA, Ta onoia Ba pmopovoav va xpnoLponotnBouv yia

TNV TapakoAoUONon VOOOKOUELAKWY EEAPOEWV.

Proteomics 2002, 2, 747-753 747

Katussevani Bernardo' Identification and discrimination of Staphylococcus
Norbert Pakulat'

Marcus Macht? aureus strains using matrix-assisted laser desorp-
Oleg Krut? T H H : 4 H

o o Sifert! tion/ionization-time of flight mass spectrometry
Silke Fleer'

Frank Hiinger! Staphylococcus aureus is an important human pathogen frequently resistant to a
Martin Kronke' wide range of antibiotics. Methicillin-resistant S. aureus (MRSA) strains are common
nosocomial pathogens that pose a world-wide problem. Rapid and accurate dis-

* Emopévwce, ol aviyveuBeic kopudeg eival TBAVWCE ELOLKEC VLA CUYKEKPLUEVOUC KAWVOUC.



* Eva pikpo memntidlo mou ovopaletal PSM-mec kwdikomoleital otig kaogteg tumovu |, Il
kat VIII SCCmec ou umdpxouV oTa YoVISLWHOTA TwV VOOOKOMELaKwY MRSA oteAexwv.

Wl
08 3007 A

e H afloAdoynon g ouAloync KAwikwv MRSA kot

04 2415

MSSA otedexwv £6elée OTL, XPNOLUOTIOLWVTOC Eval
W l | |l | napabupo avixvevong m/z 2411-2419, to PSM-mec
aviyvevetal pe Ppoaopatopetpia palac oAOKANpwv
KUTTApwv He gvawoBnoia 0,95 kat ewdikotnTa 1,

o

Intensity [a.u.
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ETUTPEMOVTAC E£TOL TNV TOXELOL TOUTOTMOLNON JLOC

| | ' urtoopadoc twv MRSA otedsywv ue plo LEBodo mou

XPNOLWWOTIOLELTAL KT TIC ouvnBOsic SLadlKaoleC
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The spectra of strain USA100 (A), strain USA100 harbouring pEPSA5-psmmec in the presence of xylose (B) and strain
USA100 harbouring pEPSA5-psm-mec in the absence of xylose (C). The signal at m/z 3007 is caused by the delta-
toxin, and the peak at m/z 2415, which corresponds to PSM-mec, is suppressed by the antisense RNA expressed in
the presence of xylose.

Identification of agr-positive methicillin-resistant Staphylococcus
L aureus harbouring the class A mec complex by MALDI-TOF mass

spectrometry
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* O Rotova et al., €deléav o0TL N evalcOnoia tng pebodou kupawvotav petaly 50% kal
90% o€ oteAEXN TTOU PEPOUV TA PSM e KOLL PSMg YOVIOLOL

Table 1 Detection of MRSA by

MALDI-TOF mass spectrometry SCCmec  No.ofisolates Identified as MRSA  Identified as MSSA  Sensitivity (%)  Specificity (%)
in strains possessing different
SCCmec cassettes I 7 0 7 100 100
I 10 9 1 90 100
I 10 5 5 50 100
I\Y 6 0 6 100 100
\Y% 2 0 2 100 100
" PSM-mec delta-toxin

b |
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i M\/’\ﬁ/\/\wm%m //\/‘W*N:IV\YM!

2400 » 2500 2600 2700

2800

2900

3000 m/z

Folia Microbiologica
https://doi.org/10.1007/512223-020-00793-0

ORIGINAL ARTICLE

Insufficient repeatability and reproducibility of MALDI-TOF MS-based

identification of MRSA
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Mass spectra acquired by automatic measurement. (a), (b)—strains expressing no PSM-mec neither 6-toxin; (c), (d)—
strains expressing 6-toxin only; (e)—strain identified as MRSA showing both proteins (PSM-mec, 5-toxin)



* [Mpwtn «EMITUXAG» Tautomoinon twv vanB-Bstikwv Enterococcus faecium VRE amo
gvaloOnta oteAéxn, ue tn xprion MALDI-TOF MS.

* H esowteplkn emkUpwon tou BEATIoTOU povtéAou mapnyoaye svaloBnoia 92,4% kol
gldkotnta 85,2%.

* O aviyveuBeic kopudec eival mMIBAVWE ELOLKEC Yl TOUC OUYKEKPLUEVOUC KAWVOUC,
eneldn Sev xpnolomolBnKav LOOYOVIKA OTEAEXN yLla TNV eMKUpwon TS nebodou.

s o JCM

Use of Matrix-Assisted Laser Desorption lonization-Time of Flight
Mass Spectrometry To Identify Vancomycin-Resistant Enterococci and
Investigate the Epidemiology of an Outbreak

144 Paul M. Griffin,” Gareth B Price,” Jacqueline M. Schooneveldt,” Sanmarié Schiebusch,” Martyn H. Tilse," Tess Urbanski,*
Erett Hamilton,” and Deon Venter™®
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Representative comparison of the average spectra of the vanB-positive E. faecium isolates (green) and the vanB-
negative E. faecium isolates (red)
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Detection of Porins

» Xpnon tn¢ sodium lauroyl sarcosinate peBodou yLa NUL-LOLKH EKXUALON CUOCTATIKWY TOU

KUTTOPLKOU TOLXWOTOC
Y& ouykplon pe tnv SDS-PAGE, n MALDI-TOF MS eival og B€on va avayvwpiloel ypriyopa ta
OTEAEXN HE ATWAELA-TIOPIVNG, €VTOC MLOAG wpac, ME KaAUTeEpn gualcOnoia, HLKPOTEPO

? ﬁoﬂtiers oR

KOOTOC.

Rapid detection of porins by
matrix-assisted laser
desorption/ionization-time of flight
mass spectrometry

Yan-Yan Hu, Jia-Chang Cai, Hong-Wei Zhou, Rong Zhang and Gong-Xiang Chen*
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MALDI-TOF MS analysis of E. coli isolates.



Detection of 3-Lactamases

* Avixveuvon tng TEM-1 B-Aakatpdong tooyoviko otéAexoc (Camara and Hays, 2007)

* Avixveuon twv CMY-2 kot dAAwv AmpC-tUimou B-AaKTOUOOWV OE KALWVIKA OTEAEXN

(Papagiannitsis et al. 2014)

o EWOK ekyUALON TWV TEPUTAACULKWV
TIPWTEIVWV

o MALDI-TOF MS avixveuon popLakoU
Bapoucg

o lkavotnta aviyveuong TOUu aKUAoO-
gv{ULOU CUUTTAOKOU

AAAC

Identification of CMY-2-Type Cephalosporinases in Clinical Isolates of

Enterobacteriaceae by MALDI-TOF MS

€. C. Papagiannitsis,® 5. D. Kotsakis,” Z. Tuma,® M. Gniadkowski,® V. Miriagou,” J. Hrabak®
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MALDI-TOF MS

Limitations:

* AUTEG oL Sdoklpaoieg LoyUouv HOVO yla TV OViXVELON OVIOXNG Ot PB-AGKTOMLKA

OVTLBLOTLKA.

* Ta apvniikd omnoteAéopata Oev pmopolv va epunveuBolv HE olyoupld OtL

OLVILITPOCWIEVOUV TNV gvaitcOnoia yra 0Aa ta Baktipla.

* EvaAAaktikoi pnxaviopoi avtiotaong Hnopei va KpuBouv tn dpaoctnplotnta twv B-

AOQKTOLLOLOWV.



MALDI-TOF MS

MIC equivalent determination



MALDI-TOF MS

Proteomics 2009, 9, 4627-4631 DOI 10.1002/pmic.200900152 4627

Rapip CoMMUNICATION

MALDI-TOF MS-based drug susceptibility testing .y |
of pathogens: The example of Candida albicans 160
and fluconazole

2 pg/ml

OL ouyypadeic utEBeoav OTL N MPWTEIVIKN ouvBeon ™
Twv otehexwv C. albicans Ba moLlkiAAeL avaAoya e
TN OUYKEVTpWON Tou oapuUAKoU OTNV Omnoild =

urtoBaMetat, kat Ba avtavakAa tnv emBiwon tov
14 14 I 14 » 1
naBoyovou ota dtadopa emnineda tou GapuUAKoU. K P K«L
S800 6000 6200 6‘00 ea;no 6300 7000 YZ.ID 74&) 7600
::4‘ | l | l ! 128 pg/m 0 " | 4 pg/ml
i I | | 64 pg/ml % 70
. ‘; | 11 ! 32 pg/mi -
55 4 'L : it o 70 60
1 16 ng/mi s |
4 i | l | 8 pe/mifl( %° %
o | | | l 4 pg/m 50
33 1L I
» (LI | | 2wsmigl
2 { (B I : 1 pg/ml ;
0 ' I os pg/mis -
» L': ‘ T T 025 pgmilll 2
L ] | 0.125 pg/mll 10
: I 18 ! no FCZ,
4000 5&! 8000 7‘;1) Se00 6000 6200 6400 6500 6800 7000 T200 7400 7600
Alterations in the mass spectra of the DSY2260 C. A portion of the average mass spectra (range m/z
albicans strain (FCZ MIC=8 mg/mL) exposed to 5800-7600) of the spectra of DSY2260 C. albicans

increasing FCZ concentrations. exposed to 2 and 4 mg/mL of FCZ.



MALDI-TOF MS

Tietiom
Enikbpwon tng nebodouc tou nmpoodlopiopol tng AAAaync-MpodiA yia tov €Aeyxo g
gualoOnoiog ota AVTLUUKNTLOOLKA

CCI matrix

MPCC Null Maximum ’H—J&M

. 32 ml ccl (eel}

(rg/mD) Use of Matrix-Assisted Laser Desorption Ionization-Time of Flight
.16 Mass Spectrometry for Caspofungin Susceptibility Testing of Candida
and Aspergillus Species

8 64 0.599 1.000 . . . . . .
32 0623 0.957 E:;IB::‘:::.::"::::M Vella," Ada R. Floria,” Patrizia Posteraro,” David . Perdin,” Maurizio Sanguinetti,”
4 16 0.653 0.974 . . . . N .
8 0.585 0.942 Representative composite correlation index (CCl) matrix derived
g 2
. : w5 | from selected mass spectra, which correspond to those for C.
O | S glabrata DSP155 cells (MIC of 4 pug/ml) exposed for 15 h at 37°C
) : 1000 9.5 to serial caspofungin concentrations.
0 0s 1 2 4 ; 16 32 64
(a) (b)
32 pgiml CSF l 32 ugiml CSF
- e ————— 0.03 ug/ml CSF | 0.03 ug/ml CSF
: WRA ; g DU G T ) SO U a— O O || 1 EpCReEm— S
E noCSF | no CSF
32 pg/ml CSF | 32 pg/ml CEF
‘ : 003 pg/ml CSF 003 pg/mi CSF
m/z 10° iz 107
. : . A JCM
MALDI-TOF mass spectra and relative gel MALDI views of the mass profiles sl
. . . Rapid Antift 1S ibility Testing by Matrix-Assisted La
obtained from a WT (UCSC52-030412) C. albicans isolate (a) and an fks1 Desorption Iosization. Yime of Flight wuss Spectrometey Analysis

mutant (UCSC78-270612) C. albicans isolate (b) o 1 ' . e



MALDI-TOF MS

Mpoaodloplopnog tng AAaynic-NMpodiA ota Baktipla

e Agev ylvetal eUKOAO OTIWC OTOUC LUKNTEC
m/z
Standard media
13C-labeled media
e XpnoLpomolouvtol OpemTIKA UALKA TTOU TTEPLEXOUV oTaBepd LooToma with drug

* Me amotéAeopa TN UETATOTILON TWV KOopudwv ota dAcpata OTaov Xpnolpornolovvial
BpeMTIKA UALKA TTOU TtepLEXOLV oTtaBepad Lootorma (kat tn break-point cuykévtpwon tou
avtLBLoTikou)

* Yrmdpxelt n Suvatotnta YXPNONG €VOC E0WTEPLKOU TIPOTUTIOU YLl TNV TIOOCOTLKN
aéloAoynon tng Ekppaonc Twv MPWTEIVWV

© Amarican Saey b o Specromety 2013 1 A Soc. s Speckam. (2013

|| DO 101007113061 015-0600x e

|| Quantitative Matrix-Assisted Laser Desorption Ionization-Time of
FOCUS: MS IN THE CHARACTERIZATION OF MICROORGANISMS: RESEARGH ARTICLE Flight Mass Spectrometry for Rapid Resistance Detection

Establishing Drug Resistance in Microorganisms by Mass Christoph Lange,® Séren Schubert,® Jette Jung,® Markus Kostrzewa,® Katrin Sparbier®

Spectrometry

Plamen A. Demirev, Nathan S. Hagan, Miquel D. Antoine, Jeffrey S. Lin,
Andrew B. Feldman



MALDI-TOF MS

Mpoaodloplopnog tng AAaynic-NMpodiA ota Baktipla

JUYKEKPLUEVA, €va daopa palag &VOg

100 -
(a) HULKPOOPYOAVIOUOU TIOU €XEL avamtuyOel
Am=348 O€ LOOTOTIO-CNUOCUEVA OPETTIKA UALKA
z Amet78 Am=221 t TIOU TIEPLEXOUV aVTLBLOTLKO cuyKpivovTal
g L] ameeos ?—- e TO daopa pnadog TOoUu
© 5 ) L] I I
z W Amm314 Am=385 HULKPOOPYOAVIOUOU TIOU ovarmtuxOnke oe
e _ ’ LN-ONUOOUEVA BDPETITLKA UALKA XwpLic TnVv
nopoucia tou avtiBlotikov (Demirev et
al., 2013).
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Establishing Drug Resistance in Microorganisms by Mass
Spectrometry
Plamen A. Demirev, Nathan S. Hagan, Miquel D. Antoine, Jeffrey S. Lin,
Andrew B. Feldman

4000 5000 6000 7000 8000 9000 10000 m/z

Comparison of MALDI TOF mass spectra of intact E. coli microorganisms grown in 13C isotope enriched medium
(top) and E. coli grown in control medium (bottom)



MALDI-TOF MS

Mpoaodloplopnog tng AAaynic-NMpodiA ota Baktipla

AT St s Sy 22 * Dot insomAtsar oo
Establishing Drug Resistance in Microorganisms by Mass
Microorganism Spectrometry
sample Plamen A. Demirev, Nathan S. Hagan, Miquel D. Antoine, Jeffrey S. Lin,
Andrew B. Feldman
Rapid Growth
and Cleanup
I ically Enriched . . .
Control No solophaly =ne’>?| '« Bacteria were inoculated into
‘ Drug ulturing mgdlum i
Culturing ¥ \ | with enriched three separate flasks incubated for
medium with Drug Trials isotopes
natural v v v ('5C or *N) 6 h at 37 °C_
isotopic | Culture . . .
abundance | \ A a | experiments * Streptomycin was introduced into
. . . n with drugs . .
one of the natural isotopic
abundance cultures and to the
Mass Spectral Acquisition and culture containing isotope-
nalysis . . .
Control lsotopically Enriched enriched media to determine
organism susceptibility.
Drug Trials * The matrix, alpha-cyano-4-
— R hydroxycinnamic acid (CHCA),
MS dissolved in 1:1 acetonitrile/water
signatures:

(vol/vol), was used.
Drug 1 Drug i Drug n
Susceptible  Resistant  Susceptible

Assay to establish drug resistance by rapid growth and subsequent MS analysis of intact microorganisms.



MALDI-TOF MS

Mpoaodloplopnog tng AAaynic-NMpodiA ota Baktipla

The MBT-RESIST (resistance test with stable isotope-labeled
amino acids) assay employs stable (nonradioactive) isotopes

that are

i

Irdere: g

Trbees. s
P

Zoom of MALDI-TOF MS spectra of a susceptible Staphylococcus aureus

incorporated
(Sparbier et al., 2013).

into newly synthesized proteins

A

LJnormal”®

Jnormal®

JNeavy + Oxa”

heavy + Oxa"

Jheavy”

Jheavy®

im0 7200
e

Jnormal

. normal*

T
840

T
BE08

T
B480

BE00

Jheavy + Oxa®

Jheavy”

strain (A and C) and a resistant Staphylococcus aureus strain (B and D).

AaJCM
MALDI Biotyper-Based Rapid Resistance Detection by Stable-Isotope
Labeling

Katrin Sparbier,” Christoph Lange® Jette Jung,” Andreas Wieser,” Soren Schubert,” Markus Kostrzewa®

A B

susceplible strain resistant strain

3¢ snarmal 034 040 3: normal

0,73 2. heavy + Oxa’ 2: heavy + Oxa’

1: Jheavy” 0,34 RHEEEEY

Correlation analysis: correlation matrix of
“normal” versus “heavy + Oxa” versus
“heavy” data for a susceptible strain (A) and
a resistant strain (B)

* The bacterial suspensions were
incubated at 37°C with agitation in a
thermomixer for 3 h.

* Bacteria were lysed with 10 pl of
70% formic acid and 10 ul of 100%
acetonitrile

*  MALDI matrix (a-HCCA [10 mg/ml a-
cyano-4-hydroxy-cinnamic acid-50%
acetonitrile—2.5% trifluoroacetic
acid)



MALDI-TOF MS

Noootikr MALDI-TOF MS oto npoodLoplopd tng Av€nong

H MBT-ASTRA dokipaoia gival pia toocotik) MALDI-TOF MS nipoo€yyilon (Lange et al., 2014).

* H moootikry MALDI-TOF MS, pe tTn XpRon €vVO¢ E0WTEPLKOU TPOTUTOU, SLEUKOAUVEL TN
HETPNON TNC TOCOTNTAC TWV TIEMTIOLWY KAl TWV ULIKPWV TIPWTEIVWV € Eva pacpa.

* Ol MoooOTNTEC TWV TIPWTEIVWV OXeTWlovVTal PE TOV APLOUO TWV HLKPOOPYAVICUWY KOl
OUVETIWE LE TNV OVATITUEN EVOC ULKPOOPYAVLOUOU.

* H ouUyKkplon tTNG QVATTUENG TTapousia Kal armoucia €vog avilBLOTIKOU ETUTPEMEL TNV

avaAuon ¢ cuunepldopdc evalcOnaoiog evog oteAEXOUC.

BJCM

Quantitative Matrix-Assisted Laser Desorption Ionization-Time of
Flight Mass Spectrometry for Rapid Resistance Detection

/ K | Christoph Lange,” Séren Schubert,” Jette Jung,” Markus Kostrzewa,® Katrin Sparbier®
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LA 4 lc

| BHI Meropenem 64 pg/ml I ”
e
T
21 s D
I BHI only | ‘
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Pseudogel views of the mass range between 3 and 10 kDa of a susceptible (A, B) and a resistant (C, D) K. pneumoniae
strain after incubation in the absence (lower panels) or presence (upper panels) of meropenem (64 g/ml) for 1 h.



MALDI-TOF MS

Noootikr MALDI-TOF MS oto npoodLoplopd tng Av€nong

030

02 4

020 1

ALC
e

005

000 4

Each strain was incubated for 1 h in the absence or presence of meropenem (8 pug/ml)

Cells were centrifuged and washed once with 150 ul pure water and once with 100 ul 70% ethanol.
Bacteria were lysed according to the MALDI Biotyper standard protocol with 10 ul 70% formic acid
and 10 pl 100% acetonitrile containing RNase B (4 * 103 g/liter) as an internal standard.

One microliter of the cell lysates was directly spotted onto a polished steel MALDI target plate.

Dried spots were overlaid with MALDI matrix (10 mg/ml of -cyano-4-hydroxy-cinnamic acid [-HCCA]
in 50% acetonitrile—2.5% trifluoroacetic acid).

A T B : Quantitative Matrix-Assisted Laser Desorption Ionization—Time of
E g 12 1 : -7 Flight Mass Spectrometry for Rapid Resistance Detection
= = :
6 u strzewa,® Katrin Sparbier®
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Box plots of the results of the automated evaluation. (A) AUC values obtained for four selected K. pneumoniae strains
in the absence or presence of meropenem. Susceptible strains show a clear reduction of AUC in the presence of
antibiotic.

(B) The ratio of the AUC in the presence of antibiotic to that in the absence of antibiotic provides the relative growth




MALDI-TOF MS

Nocotikil MALDI-TOF MS oto npoodLlopiopo tng Avénong

Quantitative Matrix-Assisted Laser Desorption Ionization-Time of
Flight Mass Spectrometry for Rapid Resistance Detection
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Mero:BHIL16358T
Mero:BHILI0104T —
Mero BHIO3TE
Mero:BHIO3TT =

Mero BHIB12038248 =
Mero BHIB12051104 =
Mero BHIBA(k12432 -
Mero BHIBaijk 3079
Mero BHLCP44 =
MeroBHILCP4S
Mero:BHIKPC2 =
MeroBHIKPCI =
Mero:BHINRZ00002 —
MersBHINRZO0I1 I
Mero BHIPEG10318
MeroBHIPEG10321 =
MeroBHIPEG10488 —
Mero BHILPEG109074 —

Analysis of 18 positive blood cultures using the MS-based resistance test. Samples were incubated for 1 h at 37°C
with 8 pug/ml meropenem.



Categorization of clinical isolate to
categories (S/I/R)

General accepted parameters:

 MIC (Minimum Inhibitory Concentration)
 MBC (Minimum Bactericidal Concentration)

* MAC (Minimum Antibacterial Concentration)
For MALDI-TOF MS:

* MPCC (Minimum Profile Change Concentration)

 MEC (Minimum Effective Concentration)



MALDI-TOF MS

JUMTEPACHATA

H MALDI-TOF MS texvohoyia £€xeL moAAEc TOaveéC £daplUOYVEC o€
SLayVWOTLKA EpyaoThpLa

Amtouteital  AlyOteEPOC O€  OUYKPLON ME T KAOOOLKEG TEXVLKEC
KOAALEPYELOLG

MBavR EVOWUATWON QUTWV TWV TEXVIKWY OE AUTOUOTEC YPOUMEC

Amnatteital mepotépw PeAtiotonmoinon Kol EMKUPWON OPLOMEVWV
nebodwv



MALDI-TOF MSH xprion tng MALDI-TOF daocpadpwtopetpiog palog
otn Olepelivion TWV MNXOVIOUWV OVTIOXAG TOAUAVOEKTIKWY
MLKPOOPYOLVICHLWV

EYXAPIZTQ INA TH NMPO2OXH zAz2

c.papagiannitsis@gmail.com



