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Kitle spektrometreleri

 MALDI-TOF/MS (matrix associated laser desorption
and ionization-time of flight mass spektrometry)
(Matriks ile desteklenmis lazer
desorpsiyon/iyonizasyon ucus zamani kutle
spektrometresi)

 PCR/ESI-MS (PCR electrospray ionisation mass
spectrometry) (PZR-elektrosprey iyonizasyon kUtle
spekirometresi)



MALDI-TOF/MS

MALDI-TOF/MS, mikroorganizmanin tam bir kolonisi
veya bakteriyel protein ekstrakfinin oldukca korunmus
proteinlerin proteomik profillenmesinden olusan direkt
lyonizasyonuna dayanmaktadir ve bu spektral imzayi
referans suslardan toplanan veri tabant ile
karsilastirmakdir.



Prensip

MALDI kUtle spektrometrede kullanilan bir
iyonizasyon teknigi

BiyomolekuUllerin (protein, peptid ve seker gibi)
bUyUk organik molekUllerin (polimer, dendrimer,
makromolekul gibi) analizi

lyonizasyon lazer atisi

Mairiks biyomolekUlUn amaci; direkt lazer atisinin
tahribinden korumak ve iyonizasyonu kolaylastirmak



Matriks

UV absorbe eden matriks (Hillenkamp ve Karas)

Matriks ve polimer molekUler duzeyde uygun bir
cOzUcU (formik asit, trifloroasetik asit, asetik asit v.b.)
icinde karistinlir.

CozUcU polimerin agregasyonunu engeller.
Ornek/matriks karnsimi drnek prop ucuna yerlestirilir.

Vakum kosullanyla ¢ozUcU uzaklastiniarak matriks
molekulleri icinde homojen olarak yayillmis polimer
molekullerini birakir.
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Lazer vurus atimlar uygun frekansa ayarlaninca,
kismen buharlasmis ve buhar fazinda intakt polimeri
tasiyan ve polimer zincirlerinin elektrik yOklenmesine

neden olan matrikse enerji aktarilr.



MALDI-TOF MS: Temel Prensipler

tespit B (on dedektori
® ® ]

ay @ @ Hareket alani
elektrot
hizlanma
Hizlanma alani
lyonizasyon
desorpsiyon
matriks / analit
kristalleri
kuyucuk




MALDI-TOF Kutle spekirometre
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MALDI-TOF MS: Teknoloji

Lazer 1sini numune ve matriksin buharlagsmasina neden olur
2. Olusan iyonlar yuksek voltaj kaynagi tarafindan hizlandirilir ve yUklerine gore

ayrilacaklari tup icerisinde hareket ederler
3. Tup sonunda tespit yapilir
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Cross-linking chemistry: To stabilize protein complexes

HM1 High-Mass
Retrofit System

High-Mass MALDI ToF Analysis: To detect intact protein complexes
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Protein Complex Analysis by High-Mass MALDI ToF MS
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Biraz fizik...

Lazer vuruslar ile olusan dijitalize veriler TOF kutle
spektrumu olusturacak sekilde toplantr.

TOF kUtle spektrumu zamanin bir fonksiyonu olarak
saptayici sinyalin bir kaydidir.

Kdtlenin (m) bir molekilunUn ucus zamani ve bu
mesafeyi gecerken yuklendigi akim (z) (m/z)2ye
orantilidir.

Zaman ve (m/z)'/? arasindaki iliski iyonlarin kutlelerini
hesaplamada kullanilabilir.
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Tam bakteri hiicresindeki kiitle spektrometresine gore farkh
kromatogramlarin olusmasi

Pantoea agglomerans

Acinetobacter Iwofii

Burkholderia cepacia

Raoultella ornithinolytica

Staph.aureus

E.coli

14000 m/z 8000
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Biyoinformatik Analiz

« Biolyper (Bruker Daltonics Inc., Bremen, Alimanya)

« Saramis (AnagnosTec GmbH, Potsdam-Golm,
AlmanyaQ)



Abiotrophia
Achromobacter
Acinetobacter
Actinobacillus
Actinomyces
Aerococcus
Aeromonas
Aggregatibacter
Alcaligenes
Alicyclobacillus
Alloiococcus
Alternaria
Anaerobiospirillum
Aneurinibacillus
Arcanobacterium
Arcobacter
Arthrobacter
Asaia
Aspergillus
Bacillus
Bacteroides
Bergeyella

Bifidobacterium

Bordetella
Brettanomyces
Brevibacillus
Brevibacterium
Brevundimonas
Brochothrix
Budvicia
Burkholderia
Buttiauxella
Campylobacter
Candida
Capnocytophaga
Cardiobacterium
Carnobacterium
Cedecea
Cellulosimicrobium
Chryseobacterium
Citrobacter
Cladosporium
Clavibacter
Clostridium
Collinsella

Comamonas

Corynebacterium
Cronobacter
Cryptococcus
Cupriavidus
Debaryomyces
Delftia
Dermabacter
Dermacoccus
Dietzia
Edwardsiella
Eggerthella
Eikenella
Elizabethkingia
Empedobacter
Enterobacter
Enterococcus
Erwinia
Erysipelothrix
Escherichia
Eubacterium
Ewingella
Facklamia

Finegoldia

Fusarium
Fusobacterium
Gardnerella
Gemella
Geobacillus
Geotrichum
Globicatella
Gluconobacter

Gordonia

Hafnia

Helcococcus
Helicobacter
Histophilus
Kingella
Klebsiella
Kloeckera
Kluyvera
Kocuria
Kodamaea

Kytococcus

Lactobacillus
Lactococcus
Leclercia
Lecythophora
Legionella
Leifsonia

Leptotrichia

Leuconostoc
Listeria
Lysk iU m

Mannheimia
Methylobacterium
Microbacterium
Micrococcus
Mobiluncus
Moellerella
Moraxella
Morganella
Mycobacterium
Myroides

Neisseria

Nocardia
Obesumbacterium
Ochrobactrum
Oerskovia

Oligella
Paecilomyces
Paenibacillus
Pantoea
Parabacteroides

Paracoccus

occ rvimonas
Malasfezia Pasteurella

Pectinatus
Pectobacterium
Pediococcus
Penicillium
Peptoniphilus
Peptostreptococcus
Photobacterium
Pichia

Plesiomonas
Porphyromonas

Prevotella

Propionibacterium
Proteus
Prototheca

Providencia

Pseudoflavonifractor

Pseudomonas
Psychrobacter
Rahnella
Ralstonia
Raoultella
Rhizobium
Rhodococcus
Rhodotorula
Riemerella
Rothia
Saccharomyces
Salmonella
Serratia
Shewanella
Sphingobacterium
Sphingobium
Sphingomonas

Sporobolomyces

Staphylococcus
Stephanoascus
Streptococcus
Suttonella
Tatumella
Tetragenococcus
Thermoanaerobacterium
Trichosporon
Trueperella
Vagococcus
Veillonella

Vibrio
Virgibacillus
Weeksella
Weissella
Williopsis
Xanthomonas
Xenorhabdus
Yersinia
Yokenella

Zygosaccharomyces



“MALDI-TOF"
“MALDI-TOF"
“MALDI-TOF"
“MALDI-TOF"

“bacteria”
“fungi”
*virus”

8376 15062
1393 3410
347 2432
249 444
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Kasim 2015


http://www.ncbi.nlm.nih.gov/sites/entrez
http://www.ncbi.nlm.nih.gov/sites/entrez
http://www.ncbi.nlm.nih.gov/sites/entrez
http://www.ncbi.nlm.nih.gov/sites/entrez
http://www.ncbi.nlm.nih.gov/sites/entrez
http://www.ncbi.nlm.nih.gov/sites/entrez
http://www.ncbi.nlm.nih.gov/sites/entrez
http://www.ncbi.nlm.nih.gov/sites/entrez
http://www.ncbi.nlm.nih.gov/sites/entrez
http://www.ncbi.nlm.nih.gov/sites/entrez

MALDI-MS mikroorganizma analizi icin Onemli bir tani
Qraci
MALDI-MS

hastalik monitorizasyonu
tanisi
kanin taranmasi

Bakteri, maya ve filamentdz mantarlarin, virus, viral
vektorler ve dogru ve hizli tanimlanmasi

Taksonomi ve epidemiyoloji
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Table 2: Results from all Positive Blood Culture

Bottles Processed

All Blood Culture

Bottles
# Correct Species (%) 188" (72.6)
L@ Correct only to Genus/Family (%) 6(2.3)
# No MALDI ID, subculture positive (%) 51 (19.7)
# No Growth and No MALDI ID (%) 6 (2.3)
Lz Incorrect 1D (%) 8 (3.1)
Total # Samples 259

Table 3: Characteristics of Monomicrobic
Positive Blood Culture Bottles Processed

f Correct/Total (“fﬂ
# Gram Negative bacteria 51/59 (86.4%)
# Gram Positive bacteria 113/149 (75.8%)
# Yeast \ 15/17 (88.2%) /
Total # Samples 225
o

ASM 2012 - Direct ID with SA SN Bottles VITEK MS - Fothergill et al Poster 4424
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Evaluation of Matrix-Assisted Laser Desorption
lonization—Time of Flight Mass Spectrometry-Based
VITEK MS System for the Identification of
Acinetobacter Species from Blood Cultures:
Comparison with VITEK 2 and MicroScan Systems

Laung ¥eob Lee, M.D., Jong Hes Shin, M_D., So0 Hyun B, M.D., Myung Geun Shin, M_D., Soan Fal Suh, MG,

and Dong Waook Fyarg, M.O.

Do panmet of Laboratory Medicne, Chonmam Mational Undsersdy Medical School, Geangp, Horea

Background: Acinefobacter apecies are the kading cause of bloadsiream infection [BS1),
Bl their carec? dentilicaticn & I'."|'I.’I|E"IE,IIE. W ayaliated the malris-assghed g da-
sorpticn ianization-fime of thght mess spectrametry [MALD-TOF M5+-hased VITEK MS
[ahbenedx, Francel, and bea autormated systemns, VITER 2 shiok¥Eneus) and McroScan
[Shamena, USA) Tor identilicabion of Acksefohacter BSI Eolabes

Methods: A tatal af 187 BS| aodabes recovered at a unisersity hospatal in Korea bebween
010 and 2012 were analyzed. The idenbification results cbiained wsing VITEE ME and
I Autamiated 5-:.-‘5|EI"'|5. were cormparad with thass al |'_II'H SECUENCING.

Resulbs: Of 187 solates analyzed, 176 were identified to the species el by ol se-
quencing: the Acinsfabacder baurmanm group [ABG; 101 A. baamanmi, 43 A. Acsocomi-
alis, 10 4, Y Bolates) wada moal cammenly entified (BZ.4%), Tollowed Ly Acinefo-
bacler genomic spacies 13B1/14TU (5.3%), A wsingd (2.1%], A. 0¥ (2.1%), A. ba-
azmae [1.1%], and A o [1.1%). Correct icenbification rates o the species Broup [ABG]
el of 1he apacies level was comparalile AMNang the Three sysbems VITER M5, S0.3%;
WITEK 2, BR.2%; MicroScan, 86.9%). However, VITEK M5 genersted fewer misidentilica-
tians (0.5%) than VITER 2 {108%]) and MicraScan (13.1%) {P<0.001). In addtion, ¥I-
TEK M5 demensirated higher specificity (100%) far diseriminalion betwean ABG and
mon-ABG Eolates. Fan the other systerns (both, 31.8%) (P<0.001).

Conclusions: The VITEK M SWERRIT IS S pRErio I thee WITEK 2 ared MicraScan SRS far
derlilicabhon of Acinedalactsr BSl isclates, with Tewsar misidenbficatiansg and Befler dis-
cimiration bebseen the ABG and non-ABG Bolates.
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Differentiation of Acinetobacter Genomic Species 13BJ/14TU from
Acinetobacter haemolyticus by Use of Matrix-Assisted Laser

Desorption Ionization—Time of Flight Mass Spectrometry (MALDI-
TOF MS)

Benjamin E. W. Toh,® Hosam M. Zowawi,®P® Lenka Krizova,® David L. Paterson,® Witchuda Kamolvit,>® Anton Y. Peleg,"®
Hanna Sidjabat,? Alexandr Nemec,® Valentin Pﬂi]ger,h Charlotte A. Huber?
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Research Article

Insufficient Discriminatory Power of Matrix-Assisted

Laser Desorption Ionization Time-of-Flight Mass
Spectrometry Dendrograms to Determine the Clonality of
Multi-Drug-Resistant Acineftobacter baumarnnii Isolates from
an Intensive Care Unit

John Hoon Rim,' Yangsoon Lee,” Sung Kuk Hong,'! Yongjung Park,'! MyungSook Kim,"
Roshan D’Souza,’ Eun Suk Park,> Dongeun Yong,! and Kyungwon Lee"

Copyright @ 2015 John Hoon Rim et al. This is an open access article distributed under the Creative Commons Attribution License,
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

While pulsed-field gel electrophoresis (PFGE) is recognized as the gold standard method for clonality analysis, MALDI-TOF MS
has recently been spotlighted as an alternative tool for species identification. Herein, we compared the dendrograms of multi-drug-
resistant (MDR) Acinetobacter baumannii isolates by using MALDI-TOF MS with those by using PFGE. We used direct colony
and protein extraction methods for MALDI-TOF MS dendrograms. The isolates with identical PFGE patterns were grouped into
different branches in MALDI-TOF MS dendrograms. Among the isolates that were classified as very close isolates in MALDI-
TOF MS dendrogram, PFGE band patterns visually showed complete differences. We numeralized similarity among isolates by
measuring distance levels. The Spearman rank correlation coefficient values were 0.449 and 0.297 between MALDI-TOF MS
dendrogram using direct colony and protein extraction method versus PEGE, respectively. This study is the first paper focusing
solely on the dendrogram function of MALDI-TOF MS compared with PFGE. Although MALDI-TOF MS is a promising tool to
identify species in a rapid manner, our results showed that MALDI-TOF MS dendrograms could not substitute PFGE for MDR
Acinetobacter baumannii clonality analysis.
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Time of Flight Mass-Spectrometry (MALDI-
TOF MS) Based Typing of Extended-Spectrum
B-Lactamase Producing E. coli — A Novel Tool
for Real-Time Outbreak Investigation
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Abstract

Epidemiologically linked clusters are confirmed by typing strains with molecular typing such
as pulsed-field gel electrophoresis (PFGE). We compared six extended-spectrum B-lacta-
mase producing E. coli of a PFGE-related cluster with Matrix-assisted laser desorption/ioni-
zation-time of flight mass-spectrometry based typing that confirmed relatedness faster and
more cost-effective, but as reliable as PFGE.



Detection of carbapenemase activity directly from blood culture vials using MALDI-TOF MS: a
quick answer for the right decision

Cecilia G. Carvalhaes1”, Rodrigo Cayo"1, Marina F. Viscondel, Talita Baronel, Eliete A. M.
Frigatto2, Debora Okamoto3, Diego M. Assis3,4, Luiz Juliano3, Antonia M. O. Machado2 and Ana
C. Galesl

Objectives: Recently, matrix-assisted laser desorption ionization-time-of-flight mass spectrometry
(MALDI-TOF MS) was successfully applied for the detection of carbapenemase activity directly
from Gram-negative colonies. Based on this principle, we evaluated the performance of MALDI-
TOF MS for rapid detection of carbapenemase activity directly from positive blood culture vials.
Methods: A total of 100 blood culture vials were randomly selected. MALDI-TOF MS
carbapenemase assay results were confirmed by the detection of carbapenemase-encoding genes.
Results: A total of 110 bacterial isolates were recovered. The MALDI-TOF MS carbapenemase assay
identified 21 of 29 (72.4%) of the carbapenemase-producing isolates directly from the blood culture
vials, especially those encoding KPC-2 (100%) and SPM-1 (100%), after a 4 h incubation period.
Although the majority of OXA- 23-producing Acinetobacter baumannii isolates were not identified
on day 1, all isolates were identified as carbapenemase producers directly from the colony on the
next day.

Conclusions: The MALDI-TOF MS carbapenemase assay is a feasible and rapid test to identify
carbapenemase activity directly from blood culture vials. It may contribute to faster readjustment
of empirical antimicrobial therapy and implementation of infection control measures.

J Antimicrob Chemother 2014; 69: 2132-2136 d0i:10.1093/jac/dku(094
Advance Access publication 9 April 2014
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NOSOCOMIAL INFECTION DUE TO ENTEROCOCCUS CECORUM
IDENTIFIED BY MALDI-TOF MS AND VITEK 2
FROM A BLOOD CULTURE OF A SEPTIC PATIENT

Philipp Warnke'*, Thomas Kéller', Paul Stoll* and Andreas Podbielski'

'Institute of Medical Microbiology, Virology, and Hygiene, Rostock University Hospital, Rostock, Germany
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We report the case of a nosocomial infection due to Enterococcus cecorum isolated from a blood culture of a 75-year-old septic male
patient. Matrix-assisted laser desorption—ionization time-of-flight mass spectrometry (MALDI-TOF MS) and Vitek 2 succeeded in

identification of the isolate.
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Impact of Antimicrobial Stewardship Intervention on Coagulase-
Negative Staphylococcus Blood Cultures in Conjunction with Rapid
Diagnostic Testing
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Rapid diagnostic testing with matrix-assisted laser desorption ionization—time of flight (MALDI-TOF) decreases the time to or-
ganism identification by 24 to 36 h compared to the amount of time required by conventional methods. However, there are lim-
ited data evaluating the impact of MALDI-TOF with real-time antimicrobial stewardship team (AST) review and intervention on
antimicrobial prescribing and outcomes for patients with bacteremia and blood cultures contaminated with coagulase-negative
Staphylococcus (CoNS). A quasiexperimental study was conducted to analyze the impact of rapid diagnostic testing with MALDI-
TOF plus AST review and intervention for adult hospitalized patients with blood cultures positive for CoNS. Antibiotic prescrib-
ing patterns and clinical outcomes were compared before and after implementation of MALDI-TOF with AST intervention for
patients with CoNS bacteremia and CoNS contamination. A total of 324 patients with a positive CoNS blood culture were in-
cluded; 246 were deemed to have contaminated cultures (117 in the preintervention group and 129 in AST the intervention
group), and 78 patients had bacteremia (46 in the preintervention group and 32 in the AST intervention group). No differences
in demographics were seen between the groups, and similar rates of contamination occurred between the preintervention and
AST intervention groups (64.3% versus 72.6%, P = 0.173). Patients with bacteremia were initiated on optimal therapy sooner in
the AST intervention group (58.7 versus 34.4 h, P = 0.030), which was associated with a similarly decreased mortality (21.7%
versus 3.1%, P = 0.023). Patients with CoNS-contaminated cultures had similar rates of mortality, lengths of hospitalization,
recurrent bloodstream infections, and 30-day hospital readmissions, but the AST intervention group had a decreased duration
of unnecessary antibiotic therapy (1.31 versus 3.89 days, P = 0.032) and a decreased number of vancomycin trough assays per-
formed (0.88 versus 1.95, P < 0.001). In patients with CoNS bacteremia, rapid pathogen identification integrated with real-time
stewardship interventions improved timely organism identification and initiation of antibiotic therapy. Patients in the AST
group with blood cultures contaminated with CoNS had decreased inappropriate antimicrobial prescribing and decreased un-
necessary serum vancomycin trough assays.
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Yeast Identification Algorithm Based on Use of the Vitek MS System
Selectively Supplemented with Ribosomal DNA Sequencing: Proposal

of a Reference Assay for Invasive Fungal Surveillance Programs in
China
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Sequence analysis of the internal transcribed spacer (ITS) region was employed as the gold standard method for yeast identifica-
tion in the China Hospital Invasive Fungal Surveillance Net (CHIF-NET). It has subsequently been found that matrix-assisted
laser desorption ionization—time of flight mass spectrometry (MALDI-TOF MS) is potentially a more practical approach for this
purpose. In the present study, the performance of the Vitek MS v2.0 system for the identification of yeast isolates collected from
patients with invasive fungal infections in the 2011 CHIF-NET was evaluated. A total of 1,243 isolates representing 31 yeast spe-
cies were analyzed, and the identification results by the Vitek MS v2.0 system were compared to those obtained by ITS sequence
analysis. By the Vitek MS v2.0 system, 96.7% (n = 1,202) of the isolates were correctly assigned to the species level and 0.2% (n =
2) of the isolates were identified to the genus level, while 2.4% (n = 30) and 0.7% (n = 9) of the isolates were unidentified and
misidentified, respectively. After retesting of the unidentified and misidentified strains, 97.3% (n = 1,209) of the isolates were
correctly identified to the species level. Based on these results, a testing algorithm that combines the use of the Vitek MS system
with selected supplementary ribosomal DNA (rDNA) sequencing was developed and validated for yeast identification purposes.
By employing this algorithm, 99.7% (1,240/1,243) of the study isolates were accurately identified with the exception of two iso-
lates of Candida fermentati and one isolate of Cryptococcus gattii. In conclusion, the proposed identification algorithm could be
practically implemented in strategic programs of fungal infection surveillance.
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Influence of microbiome species in hard-to-heal
wounds on disease severity and treatment

duration

Dagmar Chudobova®?, Kristyna Cihalova®’, Roman Guran®’, Simona Dostalova®?,
Kristyna Smerkova®?, Radek Vesely®, Jaromir Gumulec®¢, Michal Masarik®*¢,
Zbynek Heger ", Vojtech Adam®", Rene Kizek%"*

@ Department of Chemistry and Biochemistry, Mendel University in Brno, Zemedelska 1, CZ-613 00 Brno, Czech Republic

b Central European Institute of Technology, Brno University of Technology, Technicka 3058/10, CZ-616 00 Brno, Czech Republic
¢ Department of Traumatology at the Medical Faculty, Masaryk University and Trauma Hospital of Brno, Ponavka 6, CZ-662 50 Brno,

Czech Republic

d Department of Pathological Physiology, Faculty of Medicine, Masaryk University, Kamenice 5, CZ-612 00 Brno, Czech Republic

ARTICLE INFO

ABSTRACT

Article history:

Received 9 January 2015
Accepted 8 August 2015
Available online xxx

Keywords:

Bacterial strains
MALDI-TOF
Sequencing
Superficial wounds

Background: Infections, mostly those associated with colonization of wound by different
pathogenic microorganisms, are one of the most serious health complications during a
medical treatment. Therefore, this study is focused on the isolation, characterization, and
identification of microorganisms prevalent in superficial wounds of patients (n=50) pre-
senting with bacterial infection.

Methods: After successful cultivation, bacteria were processed and analyzed. Initially
the identification of the strains was performed through matrix-assisted laser desorp-
tion/ionization time-of-flight mass spectrometry based on comparison of protein profiles
(2-30kDa) with database. Subsequently, bacterial strains from infected wounds were iden-
tified by both matrix-assisted laser desorption/ionization time-of-flight mass spectrometry
and sequencing of 16S rRNA gene 108.

Results: The most prevalent species was Staphylococcus aureus (70%), and out of those 11%
turned out to be methicillin-resistant (mecA positive). Identified strains were compared with
patients’ diagnoses using the method of artificial neuronal network to assess the associa-
tion between severity of infection and wound microbiome species composition. Artificial
neuronal network was subsequently used to predict patients’ prognosis (n=9) with 85%
success.
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Fig. 2 - Dendrograms from protein mass profiles of microorganisms in different groups based on treatment duration.

Created in MALDI Biotyper™. (A) Treatment duration less than four weeks. (B) Treatment duration 4-7 weeks. (C) Treatmen

duration eight and more weeks. (D) Exitus.
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PCR-ESI/MS

« PCR-ESI/MS ve MALDI-TOF/MS tUre spesifik spektra ile
mikroorganizmalart tanimlamaktadir.

« PCR-ESI/MS, bakteriyel, fungal ve viral genomlarda
korunmus ve ture spesifik bolgelere odaklanan
bircok lokustan olusan PCR amplikonlarinin
kutle/akim oranini (m/z) Olcerek
mikroorganizmalarin veri tabanindaki karsilastirmal
analizlerle baz kompozisyonlarni fanimlar.
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NUkleik asit ekstraksiyonu (direkt klinik ornek)
Amplifikasyon broad range PCR
Elektrosprey iyonizasyon kUtle spektrometresi
Patojen veri tabani analizi



NUCLEIC ACID
EXTRACTION
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Broad-range primers bind to
conserved regions in bacteria,
viruses or fungi

MASS
SPECTROMETRY

800 900 1000 1100 1200 1300
miz

Pathogen nucleic acids
extracted from clinical
samples

ESI-MS analysis provides
information on the base
composition of the amplicor

Variable pathogen-specific
regions flanked by the conserved
regions are amplified

&
SAMPLE ‘Same-shift’ pathogen identification is an achievable goal

Ecker et 3. Expert Rev Mol Diagn 2010;10:399-415




TH E lRI DICA PLATFORM . AN URGENT NEED FOR IDENTIFY.ING Il‘\lFECTIONS EARLY

Abbott’s IRIDICA platform, now available in Europe and other CE-Mark re

has the potential to change the way serious infections are diagnosed. The n
H O W IT WO R KS identify more than 1,000 infection-causing pathogens in less than six hours

source of infections sooner, doctors can improve care for the critically ill.

A lab technician collects a patient specimen. Genetic
material from this specimen is extracted and used for
further testing. While most of the genetic material in the
specimen is of human origin, some of it belongs to the
pathogen that is making the person sick.

SAMPLE

Multxple eopm; ofthe pathogen s geneuc

A device called a mass spectrometer is used to
determine the molecular weight of the amplified
genetic material.

800 900 1000 1100 1200 1300
mz



PCR/ESI-MS

Step 2- Unique
Primer Design
for
Amplification
' of Broad
h Pathogen DNA (blue) Wiz Groups of

g ; g / 8 Pathogens
W T

Patient's g g g g g

DNA (red)

Step 4- Signal Analysis by Step 3- Mass
Triangulation and Database Spectrometry
Matching to ldentify to Weigh the
Pathogens DNA

Step 1- Nucleic Acid Extraction from

Direct Specimens: Blood, BAL, ETA,
Tissues

Many copies of
unknown sequence

Mass spectrometer

)

The IRIDICA technology combines two Nobel-prize winning technologies: PCR and
ESI/MS



IRIDICA is akisi

/ Sample preparation = DNA amplification Desalting Determining DNA masses \
(BB + SP) (TC) (DS) (MS) 3
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isolated DNA amplified DNA desalted DNA Mrsslls

Bead Beater Sample Prep Thermal Cycler Desalter Mass Spectrometer
\ (BB) (SP) (TC) (DS) (MS) /

Hands on time:

Walk away time:

Hands on time and walk away time based on in-house data // * To first sample result



Both strands of DNA are
analyzed. As they are
complementary, only one

00 53 base composition is
: 8 § g possible
00 z [A33 G29 C40 T7]
2]
— — 00— —5 — —>[A19 G40 C9 T40]
=
:: i = / i [A22 G11 C45 T30]
m/z 32,000 34,000
00 Ion/il;ed Mass Mass Mass (Da)
DNA analyzer spectrum
DNA extraction from whole Amplification using Desalti.ng and analysis Deduction of base
blood (or other direct several conserved with ESI-MS composition based
specimens) primers on the molecular mass
Primer 1 Primer2 Primer3 Primer4 Primer5 Primer 7
Identified organisms:
waaeiiacoi | ——— )| [ Lol ful ]l ], Al
1
(2) Staphylococcus aureus :

An unequivocal

The system gathers all the information obtained from each primer pair
identification

is achieved



Whole Blood: 5 ml

No diluent

IRIDIC A Bakteri

Lysis Buffer +
Extraction Control
+ Beads

Sterile Fluids: 0.5 ml

\

Sample Diluent : 4.975 ml

BAL/ETA: 0.1 ml

Sample Diluent: 4.9 ml

BAC BSI

Automated DNA Extraction
and PCR Setup Platform

Bead Beater

B% Sisals
I
p L

— P _>E%_,

Thermocycler Desalter Mass Spectrometer, Database
and Analysis Computer




IRIDICA Virus

500 uL plasma +
Lysis/Extraction
Control Mix

Automated DNA
Extraction and

QIAamp/QIlAvac System* PCR Setup

Platform

Broad-spectrum
PCR primers

Mass spectrometer, Desalter Thermocycler (8wells/sample)

Database and
Analysis Computer

.* Not part of the IRIDICA system, not provided by Abbott Diagnostics



Ornekte paralel calisma

EDTA whole blood
Sterile fluid
Sterile tissues

Bacteria
Fungi

EIETE|

BAL Antibiotic Resistance
ETA
Identical DNA Extraction Kit & Procedure
BSE SF. Fungy BSi% IR SkTs
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Patojenin hizll tanimlanmasi (6 saat)

Direkt ornegin test edilmesi (klinik ornek-tam kan,
steril sivilar, steril dokular, plasma, BAL, ETA)

Bakteri, mantar, virus bircok patojen saptanmasi
Direnc fipleme

Polimikrobiyal enfeksiyonlarda bir patojenden fazla
tanimlama



Primer pair

E. coli

Cox. burnetii

Leg. pneumophila
Ricket. prowazekii
Mycb. tuberculosis
Trep. pallidum

Bacillus anthracis
Staph. aureus
Staph. epidermidis
Strep. agalactiae
Strep. mutans
Strep. pneumoniae
Strep. pyogenes

Genis amplifikasyon(1)

Primers bind to highly conserved regions across all bacteria

GATTAGATACCCTGGTAGTCC Highly Variable Region w

LCGCCGTAAACGATGTCGACTTGGAGGTTGTGCC-CTTGA-GGCGTGGCTTCCGGAGCTAACGCGTTAAGTCGA(
LCGCCGTCAACGATGAGAACTAGCTGTTGGGAAG--TTCA-CTTCTTAGTAGCGAAGCTAACGCGTTAAGTTCT(
LCGCTGTAAACGATGTCAACTAGCTGTTGGTTAT-ATGAAAATAATTAGTGGCCCAGCAAACGCGATAAGTTGA(
LCGCCGTAAACGATGAGTGCTAGATATCGGAGG--ATTCT-~-CTTTCGGTTTCCCAGCTAACGCATTAAGCACT(
LCGCCGTAAACGGTGGGTACTAGGTGTGGGTTTCCTTCCTTGGGATCCGTGCCGTAGCTAACGCATTAAGTACC
P.CACAGTAAACGATGTACACTAGGTGTTGGGGC -~ ~ATGA~-GTCTCGGCGCCGACGCGAACGCATTAAGTGTA(
LCGCCGTAAACGATGAGTGCTAAGTGTTAGAGGG-TTTCCGCCCTTTAGTGCTGAAGTTAACGCATTAAGCACT(

CGCCGTAAACGATGAGTGCTAAGTGTTAGGGGG-TTTCCGCCCCTTAGTGCTGCAGCTAACGCATTAAGCACT(
FCGCCGTAAACGATGAGTGCTAAGTGTTAGGGGG-TTTCCGCCCCTTAGTGCTGCAGCTAACGCATTAAGCACT(
\CGCCGTAAACGATGAGTGCTAGGTGTTAGGCCC-TTTCCGGGGCTTAGTGCCGCAGCTAACGCATTAAGCACT(
LCGCCGTAAACGATGAGTGCTAGGTGTTAGGCCC-TTTCCGGGGCTTAGTGCCGGAGCTAACGCAATAAGCACT(
LCGCTGTAAACGATGAGTGCTAGGTGTTAGACCC-TTTCCGGGGTTTAGTGCCGTAGCTAACGCATTAAGCACT(
FCGCCGTAAACGATGAGTGCTAGGTGTTAGGCCC-TTTCCGGGGCTTAGTGCCGGAGCTAACGCATTAAGCACT(
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Informative Region
varies by type of bacteria



Genis amplifikasyon(2)

16S rDNA
Broad Bacterial

1 2
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‘ Candida -
Ao L ek e Aamiramisis ienine
Staphylococcus 2249 on e . S
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UK aInplikoniarinin Kutle spexktroietresi, sinyal 151€1nIinesi ve

organizma tanimlanmasi

Incoming TOF Mass Spectrum

N

Calibrate Spectrum

N

Determine Masses

N

Associate Basecounts with Masses

N

Construct Basecount Paths for Organism Hypotheses

\/

Quantify matching organisms

S5

Measure Identification Confidences

00000000

LTS
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.....
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N
..........
.............
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.......

Triangulation Across Multiple Primers

Mass
30831.72
36378.33
33427.45

31271.05
24373.61
38952.31

Base Comp. Quantity
A27G30C21T21 40341
A30G29C30T29 36030

- No detection
A29G30C25T24 40541

- No detection
A26G30C25T20 34377
A16G23C21T19 8548
A43G28C19T35 6305

!E'!fngulatigg
[V@ S. aureus sfs primers
Quantity: 11558




IRIDICA BAC Assay Ornek Raporu

ﬁ-l::; SUMMARY REPORT
7 e
{ J {\ iridica.
~ Sample Type:
\‘-:'::::;f Whaole Blood

Bacteria

Detected Organism ( Q Score Level

Klebsiella pneumoniae 0.99 57

Fungi

Detected Organism j ( Q Score Level

Not Detected — —
Marker

Detected Marker Result ( Q Score Level

KPC positive 0.96 26

mechA n/a - -

vanA nia - -

vanB nla - -
Control

Detection Q Score Level

Extraction Control 0.96 78




>780 bakteri

>200 mantar
>130 virus turleri
Anftibiyotik direnci
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IRIDICA Test Menti

IRIDICA
ASSAY Assay Type Coverage
-
BAC BSI| 0 Blood stream infection 780 Bacteria and Candida.
e 4 Antibiotic Resistance Markers:

mecA, vanA, vanB and kpc

Identical coverage with
semi-quantitative threshold

Fungal > 200 fungi and yeast

Viral- 13 viral reporting groups
Immunocompromised covering > 130 viral species

Viral IC

' eecte

Diseases/Patient
N groups

Sepsis

Joint prosthetics infection

Pneumonia, IC patients

Pneumonia, IC Patients

IC Patients




The RADICAL Study

pid [Viagnosis of Infections in
the CriticAlly ILI. (RADICAL)
Multi-center observational study
including 540 patients
1. Demonstrate analytical performance
2. Imputed clinical and economic value
Evaluation of PCR/ESI-MS
vs. Culture

Study Center

University College London Hospitals, UK

Service de Santé des Armées, France

Hopitaux Universitaires de Geneve,
Switzerland

Barts Health, UK

Hopital Erasme, Brussels, Belgium

Universitatsklinikum Frankfurt, Germany

Szpitala Dzieciatka Jezus, Warsaw, Poland

Performance against culture in RADICAL:
Sensitivity: >81%

NPV: 97% for blood stream infections

Brealey et al., Critical Care 2014, Volume 18 Suppl 2
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Escherichia coli
Staphylococcus aureus
Enterococcus faecium
Klebsiella pneumoniae
Candida albicans
Enterococcus faecalis
Pseudomonas aeruginosa
Enterobacter cloacae complex
Streptococcus pyogenes
Klebsiella oxytoca
Bacteroides fragilis/thetaiotaomicron
Citrobacter koseri
Haemophilus influenzae
Streptococcus mitis/fpneumoniae
Morganella morganii
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Fusobacterium nucleatum
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Stenotrophomonas maltophilia
Streptococcus pneumoniae
Candida tropicalis
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Bacterial Tree of Life

IRIDICA primers are designed to cover the
phylogenetic breadth of bacterial species

S Epsilon-
Chlamydia proteobacteria

@ Alpha-

Bacteroidetes proteobacteria
: (<]
. Spirochaetes ¢ . Proteo- ® Beta-

. bacteria proteobacteria

. Fusobacteria:

Actinobacteria
=)

proteobacteria

@ Firmicutes

Clostridiales
Bacillales
@

Lactobacillales =

This illustration depicts the theoretical detection but not the intended actual reporting
of specific organisms by IRIDICA BAC Assays.
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Evaluation of the Broad-Range PCR/ESI-MS
Technology in Blood Specimens for the
Molecular Diagnosis of Bloodstream
Infections
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The overall positive and negative agreement of IRIDICA with blood culture in the analysis
by 5r 2cimen was /4.5% and /8.b%. respecuvelv. risind 10 /b.9% and 8/.2% respecuvel\,
when compared with the clinical infection criterion. Interestingly, IRIDICA detected 41 clini-
cally significant microorganisms missed by culture, most of them from patients under antimi-
crobial treatment. Of special interest were the detections of one Mycoplasma hominis and

two Mycobacterium simiae in immunocompromised patients. When ICU patients were
analyzed separately, sensitivity, specificity, positive and negative predictive values com-

Jareqa with DIOOA CUItUre Were 33.3%. (8.07. 33.97 and Y/.3% |especlively, and Yu.5%
37.2%. 64.4% and 97.3% respectivelv. in comparison with the clinical infection criterion.
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The reference method for the diagnosis of bloodstream infections is blood culture followed by biochemical identification and
antibiotic susceptibility testing of the isolated pathogen. This process requires 48 to 72 hours. The rapid administration of the most
appropriate antimicrobial treatment is crucial for the survival of septic patients; therefore, a rapid method that enables diagnosis
directly from analysis of a blood sample without culture is needed. A recently developed platform that couples broad-range PCR
amplification of pathogen DNA with electrospray ionization mass spectrometry (PCR/ESI-MS) has the ability to identify virtually
any microorganism from direct clinical specimens. To date, two clinical evaluations of the PCR/ESI-MS technology for the diagnosis
of bloodstream infections from whole blood have been published. Here we discuss them and describe recent improvements
that result in an enhanced sensitivity. Other commercially available assays for the molecular diagnosis of bloodstream infections
from whole blood are also reviewed. The use of highly sensitive molecular diagnostic methods in combination with conventional
procedures could substantially improve the management of septic patients.
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Microbiological diagnosis is pivotal to the appropriate management and treatment of infective endocarditis. We evaluated PCR-
electrospray lonization mass spectrometry [PCR/ESI-MS) for bacterial and candidal detection using 83 formalin-fixed paraffin-
embedded heart valves from subjects with endocarditis who had positive valve and/or blood cultures, 63 of whom had positive
valvular Gram stains, PCR/ESI-MS vielded 55% positivity with concordant microbiclogy at the genus/species or organism group
bevel (e, viridans group streptococet), 11% posativity with discordant microbiology, and 34% with no detection. PCHR/ESI-MS
detected all antimicrobial resistance encoded by mecA or varAlB and identified a case of Tropheryma whippled endocarditis not
previously recognized.
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Rapid Identification of Bacteria and Candida Pathogens in Peritoneal
Dialysis Effluent from Patients with Peritoneal Dialysis-Related
Peritonitis by Use of Multilocus PCR Coupled with Electrospray
Ionization Mass Spectrometry
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PCR coupled with electrospray ionization mass spectrometry (PCR/ESI-MS) was compared with culture for pathogen detection
in peritoneal dialysis (PD)-related peritonitis. Of 21 samples of PD effluent, PCR/ESI-MS identified microorganisms in 18 (86%)
samples, including Mycobacterium tuberculosis in 1 culture-negative sample. Of 15 double-positive samples, PCR/ESI-MS and
culture reached levels of agreement of 100% (15/15) and 87.5% (7/8) at the genus and species levels, respectively. PCR/ESI-MS
can be used for rapid pathogen detection in PD-related peritonitis.
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Improved Sensitivity for Molecular Detection of Bacterial and
Candida Infections in Blood
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The rapid identification of bacteria and fungi directly from the blood of patients with suspected bloodstream infections aids in
diagnosis and guides treatment decisions. The development of an automated, rapid, and sensitive molecular technology capable
of detecting the diverse agents of such infections at low titers has been challenging, due in part to the high background of
genomic DNA in blood. PCR followed by electrospray ionization mass spectrometry (PCR/ESI-MS) allows for the rapid and ac-
curate identification of microorganisms but with a sensitivity of about 50% compared to that of culture when using 1-ml whole-
blood specimens. Here, we describe a new integrated specimen preparation technology that substantially improves the sensitiv-
ity of PCR/ESI-MS analysis. An efficient lysis method and automated DNA purification system were designed for processing 5 ml
of whole blood. In addition, PCR amplification formulations were optimized to tolerate high levels of human DNA. An analysis
of 331 specimens collected from patients with suspected bloodstream infections resulted in 35 PCR/ESI-MS-positive specimens
(10.6%) compared to 18 positive by culture (5.4%). PCR/ESI-MS was 83% sensitive and 94% specific compared to culture. Repli-
cate PCR/ESI-MS testing from a second aliquot of the PCR/ESI-MS-positive/culture-negative specimens corroborated the initial
findings in most cases, resulting in increased sensitivity (91%) and specificity (99%) when confirmed detections were considered
true positives. The integrated solution described here has the potential to provide rapid detection and identification of organ-
isms responsible for bloodstream infections.
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Identification of Occult Fusobacterium nucleatum Central Nervous
System Infection by Use of PCR-Electrospray Ionization Mass
Spectrometry
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USA®, Department of Pathology, University Hospitals Case Medical Center, Case Western Reserve University, Cleveland, Ohio, USA®; Infectious Diseases Pathology Branch,
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Anaerobic bacteria are often difficult to detect, especially after the initiation of antibiotics. We describe the application
of PCR-electrospray ionization mass spectrometry (PCR/ESI-MS) using a sample of cerebrospinal fluid to identify an an-
aerobic Gram-negative bacillus, Fusobacterium nucleatum, in a patient with “culture-negative” meningitis and cerebral
abscesses.
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Prospective comparison of RT-PCR/ESI-MS to Prodesse ProFlu
Plus and Cepheid GenXpert for the detection of Influenza A and
B viruses

Justin Hardick?®", Andrea DugasP, Joshua Goheen?, Richard Rothman®, and Charlotte
Gaydos?
2 Johns Hopkins University School of Medicine, Division of Infectious Diseases, United States

b Johns Hopkins University School of Medicine, Department of Emergency Medicine, United
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Abstract

RT-PCR/ESI-MS has previously demonstrated the capability to detect and identify respiratory
viral pathogens in nasopharyngeal swabs. This study expands on previous research by performing
a prospective evaluation of RT-PCR/ESI-MS to detect and identify Influenza A and B viruses
compared to Prodesse ProFlu Plus and combined ProFlu Plus and Cepheid Xpert Flu. ProFlu Plus
was also used as a gold standard for comparison for respiratory syncytial virus detection. Using
ProFlu Plus as a gold standard, RT-PCR/ESI-MS had sensitivity and specificity of 82.1% (23/28)
and 100% (258/258), respectively, for Influenza A, 100% (16/16) and 99.6% (269/270),
respectively for Influenza B, and 88.6% (39/44) and 99.6% (241/242) for any Influenza virus.
Using matching results from ProFlu Plus and Xpert Flu as a gold standard, RT-PCR/ESI-MS had
85.2% (23/27) and 100% (259/259) sensitivity and specificity respectively for Influenza A, 100%
(14/14) and 99.6% (270/272), respectively for Influenza B virus. Overall, RT-PCR/ESI-MS was
not as sensitive as the combined gold standard of ProFlu Plus and Xpert Flu, although it has the
capability of detecting other respiratory viruses.
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Direkt hasta orneginden calisimasi

Fenotipe yansiyan ozellikler
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Bakteri, mantar, anfimikrobiyal direnc

Virus T
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Kurulum pahalli
Teknik donanim
Veriler biyoinformatik programla kisitli



SONUC

« Bruker MALDI Biotyper MALDI-TOF/MS yazilimi ise
patern karsilastirmall algoritmalarla bakteri ve
mantarlarn tanimlanmasinda elverislidir.

« PCR- ESI/MS yazilm programi (Abbott PLEX-ID) ile
mantarlar, virusler, bakteriler ve antibiyoftik direncli
mikroorganizmalarin ve direkt kan kultur siselerinden
patojenlerin tanimlanmasinda kullanishdir.





