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Automated Nucleic Acid Extraction Real-time PCR Instruments

AmpliPrep
LightCycler (32) Tagman (48) 3M (98)

> Atrue "Walk-Away" instrument. »Real-time: simultaneous amplification and detection

> No cross-contamination

> Process different sample types
» whole blood, serum, plasma, urine, CSF, vitreous fluid, amniotic fluid >Fast (run time: less than 1 hour)

» Small volume of specimen

> >100 samples/hour >Decease in size/ increase in throughput

»No contamination risk (closed system)

dagmanjechnciony ntitative Real-time PCR

Rrobe binding
site, /
D —————— ]

=

Transfer (FRET)




12/2/2011

Cepheid GeneXpert

New innovation (Integrated sample processing + real-time PCR )

— Integrated sample processing and real-time in
one instrument

— Easyl/fast/robust process (no need for N _ j
molecular biologists) S5\ o
— Closed system (reduced contamination) ‘

Detection of Enterovirus in CSF
Availability 24/7
TAT: 2.5 hours

3M
Higher throughput (96), one thermal profile,
" New disk with NA extraction on board (fluA/B/RSV) AutoGenomics INFINITI RVP

High Multiplex PCR

Reports on HSV, B.per, GAS with no extraction on 96
well plate

New chemistry, no sample processing (C.diff)

BioChip Infiniti
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AutoGenomics INFINITIT RVP o nomics Technol Overvi
(24 viral targets) utogenomics Technology Overview

Adenovirus A, B, Cand E
Coronavirus HKU1, NL63, OC43, 229E
Enterovirus A, B, C and D

(RSP (e 2 « Extended detection primer is captured on the
HRSV A and B 3 z e . g e P
Influenza A and B biofilmchip by zipcode/antizipcode hybridization
Parainfluenzavirus 1, 2, 3and 4 . -
Rhinovirus A and B * Fluorescence is only detected on spots containing
extended detection primers

« Each spot on the BioFilmChip™ is linked to a
capture oligo (zipcode)

Highly specific with LOD of 100-250 targets/sample

Workflow

RNA Extrac 0 RT/PCR Detection on bioc Review result

Anti-Zipcode X
Hands on Time ~20 Min

-. ¥ =g
) - oy
Time (start to finish)  ~ 6-7 hours ®

~——Zipcode X
Needs molecular expertise

High Multiplex PCR

Nanosphere (Verigene)
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Random Access, Simultaneous Detection of Influenza A and its Subtypes

Nanosphere Technology Overview (Verigene) (H1, H3, HIN1 2009), Influenza B, and RSV Subtypes A and B in
Respiratory Specimens Using Nanoparticle Probes

Summary, post discord resolution

Influenza A  100% 100% 100%
H1l 100% 99.9% 97.5%
H3 100% 100% 100%
2009 HIN1 99.5% 100% 100%
InfluenzaB  100% 100% 100%

99.1% 100% 100%
A 100% 100% 100%
B 100% 100% 100%

1022 NP swabs 2008-2010

760 spots on microarray Blake W. Buchan et. al., 2010

Luminex Technology Overview (Verigene)

High Multiplex PCR (fluid microbead-based assay)
(Luminex XTAG RVP)

Luminex® xTAG™ RVP fast
8 viral targets
Influenza A,

Influenza A subtype H1, e -

Influenza A subtype H3, 5 [_RripcR
Influenza B,

Respiratory Syncytial Virus (RSV), High throughput/

Human Metapneumovirus (hMPV),

Rhinovirus, and Adenovirus.

Simultaneous testing for multiple pathogens
Expertise

Batching

Turn around time of 6-8 hours
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High Multiplex
Idaho Tech FilmArray™

The FilmArray Respiratory Panel

Viral Viral Bacterial
Integrated nucleic acid extraction Adenovirus Influenza B Bordetella pertussis
. Bocavirus Metapneumovirus Chlamydophila pneumoniae
Real time PCR Coronavirus 229E Parainfluenza 1 Mycoplasma pneumoniae
Massive multiplex (24 respiratory Coronavirus HKUL  Parainfluenza 2
athogens) Z Coronavirus OC43 Parainfluenza 3
o il Coronavirus NL63 Parainfluenza 4
No need for molecular expertise Influenza A Respiratory Syncytial Virus
Influenza A H1 Rhinovirus
Random Access Influenza A H1 2009  Enterovirus
Influenza A H3

Hands on Time ~2 Min

Time (start to finish)  ~ 1 hour

FilmArray Technology Overview
DMC Clinical Evaluation of
FilmArray™ Respiratory Panel
Film Array (Idaho Technology)

) "mdﬁlmm@f{t‘ii } 23;2;2‘ 545 patient samples tested
- -w o PP

367 positive results (67%)

Chemical 60 positive for 2 pathogens (16%, 60/367)
S 8 positive for 3 pathogens (2%, 8/367)
L - T - JL T J L T J
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FilmArray Positivity

FilmArray vs DFA/Culture/Rapid Antigen
(545 samples)

(545 samples)

367 (67%) 367(67%)

300 (55%)
245 60 (16%)
178 (33%) g
8 (2%)

Pos Neg Pos Neg 1 target 2targets  3targets

FilmArray DFA/Culture/Rapid Ag

FilmArray vs DFA in 387 Pediatric NPAs ] N
Rapid Identification of Pathogens
from Blood Cultures

CoV' NLE3 i
CoVOC43 i
CoV 229E

Negative

Pediatric NPA samples were tested by DFA (blue) and by FilmArray (red).




Molecular Method for Bacterial ID
Positive Blood Cultures

Positive
Blood Culture Gram Stain Subculture  Biochemicals

TIME TO IDENTIFICATION 24.48 h

PNA FISH - Positive Blood Cultures

Positive
Blood Culture Gram Stain Results (2.5 Hrs.)

S. aureus

PNA FISH™

non-S. aureus GPCC

C. albicans

PNA FISH™

non-C. albicans Yeast

E. faecalis
—_—
PNA FISH™

E faecalis no
other enterococci - Rex

TIME TO IDENTIFICATION
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AdvanDX PNA FISH Technology

PNA Probe

S. aureus PNA FISH

Gram-positive cocci in clusters S. aureus

Identification of Gram positive cocci and yeasts
from blood culture bottles

5 ID: 24-48 h

blood culture (before PNA FISH)

E = |D: 90 min

blood culture (after PNA FISH)



Traffic Light PNA FISH

Optimizing Antimicrobial Therapy for Bacteremia

C. albicans/ C. tropicalis C. glabrata/

C. parapsilosis C. krusei

Correlation Study
PNA vs Phenotypic method (S.aureus probe)

PNA FISH (5522 isolates)

Pos (S. aureus) | Neg (CNS) Total

Automated
system

Pos
(S. aureus)

o

(not S. aureus)

Total

High Sensitivity, Specificity
Discordants resolved in favor of PNA FISH
Limitatio

# of probes

Batching
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Impact of Rapid Diagnostics in Clinical Care
S. Narreddy, N. Quezada, R. Jain, H. Salimnia, M.D. Nailor, R. Chambers, T. Painter, R. Thomas,
and P.H. Chandrasekar
ICCAC 2008
Thirteen Months' Experience with the Rapid PNA FISH Protocol for
Identification of S.aureus from Positive
Blood Culture Bottles
T. M. Painterl, P. R. Lephartl, R. Mitchell1, M. R. Fairfax1,2, H. Salimnial,2
ASM 2010
Multicenter Assessment of a Rapid Procedure for PNA FISH™ for
Identification of Candida Species from
Blood Culture Bottles
E. M. Marlowe, M. Morgan, S. M. Novak-Weekley, J. M. Miller, T. M. Painter,
H. Salimnia, B. Crystal.
ASM 2010
A New 1.5 Hour Procedure for PNA FISH for Identification of Enterococcus
Species from Blood Culture Bottles
Margie Morgan , Elizabeth Marlowe , Susan Novak-Weekley , John Miller , Terri M. Painter, H.
Salimnia, Benjamin Crystal
ASM 2010
Identification of E. coli, P. aeruginosa and Klebsiella pneumoniae from Gram
Negative Rod Positive Blood Culture Bottles by PNA FISH
Phyllis Della-Latta, Hossein Salimnia, Theresa Painter, Fann Wu, Gary W. Procop, Deborah A.
Wilson, Wendy Gillespie, Alayna Mender, Benjamin S. Crystal
ASM 2011

Rapid Identification of Pathogens from
Positive Blood Culture Bottles
Verigene
FilmArray
MALDI-TOF
EMMA
PLEXID
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. “Evaluation of the Microarray-Based Sample-to-Result Verigene BC-GP
NanOSphere Verigene Blood Culture Assay for Rapid Detection of Gram-Positive Bacteria and Resistance
Gram Positive Determinants Directly from Positive Blood Cultures”
Gram-Positive Blood Culture (BC-GP) Test
Bacterial Targets Sensitivity Specificity

taphylacoccus spp 100% (44/44)  100% (17/17)
S. qureus 100% (28/28) 100% (33/33)

: p . epidermidis 100% (7/7) 100% (54/54)
Listeri 3 eStreptococcus anginosus Grouj .
b Species .snemeccus agilﬂcﬁae (GES‘)’ S. lugdunensis 100% (1/1) 100% (60/60)
mecA eStreptococcus pyogenes (GAS) treptococcus spp 100% (3/3) 100% (58/58)
Resistance | 5,4 5. agalactiae n/a n/a

«Enterococcus faecalis
vang ntereesccerccium . pyogenes 100% (1/1)  100% (60/60)

s. pneumoniae 100% (1/1)  100% (60/60)

trep.(anginosus group) n/a n/fa

Staphylococcus spp. «Staphylococcus aureus

Streptococcus spp.

Micrococcus spp.

Micrococcus spp n/a n/a
n/a n/a

75% (3/4)° 100% (57/57)

100% (7/7) 100% (54/54)

Needs Gram Stain
Sample volume: 350 pl of positive blood culture bottle
Hands-on time: 5 min . o )
TR AG 13 bacterial targets, 3 antibiotic resistance:

un time: 2.5 hours > 3 100% sensitivity, specificity for MRSA, VRE
Random access | Overall sensitivity of 98.4% for a broad panel of bacterial targets

Detected 3 of 4 mixed cultures

G-ve cartridge is in development
9 P Reader Dr. Nathan Ledeboer et. al., 51st ICAAC, Chicago (2011)

Idaho Tech FilmArray FilmArray BCID system

Blood culture Identification Targets

Gram positive Gram negative Candida Antibiotic resistance

Staph aureus Enterobacteriaceae Candida albicans Mec A gene
(family)

Coagulase neg Staph Enterobacter cloacae Candida glabrata Van A gene
Listeria monocytogeneq E. coli Candida krusei Van B gene ‘ ‘

Enterococus genus K. pneumoniae Candida paraplisosis Bla kpc (carbapenemase)

Streptococcus genus Serratia marscecens Candida tropicalis Inject sample (250 Load pouch in Enter pOLJCh and
S. pneumoniae Acinetobacter genus microliter from FilmArray sample ID, t

§. agalactiae Acinetobacter baumannii positive blood press go!

S. pyogenes Haemophilus influenzae culture bottle)

Haemophilus influenzae
(typeable)

Neisseria meningitidis
Random access

Includes G+, G-, Candida and Abx resistance genes Hands on Time

Time (start to finish)

10



FilmArray BCID Report

Result Summary.
ot Dete inotobacter baumanni
ot Detected cies

fiof Datected
ot Detected
Not Detocted
Hiot Detected
ot Detected
Not Detected

Rapid Bacterial Identification

(MALDI-TOF System)

»Matrix-assisted Laser
Desorption/lonization with Time-Of-
Flight Mass Spectrometry (MALDI-TOF
MS)

»Laser releases the protein molecules
from the bacterial cells

» Molecules travel through the vacuum
column of MS and will produce a
signature profile for each bacterial
species

»Signature profile is checked against a
spectral library of different bacteria
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FilmArray BCID performance (DMC data)

1) BCID provided results for 39/43 (91%) of samples in which culture identified
an organism; 4 samples (2 Micrococcus sp. and 2 Proteus mirabilis) gave no
results as these organisms are not included in BCID system; The
manufacturer intends to include a Proteus assay in a future version.

2) 100% agreement (39/39 samples) occurred between phenotypic identification
and BCID results for organisms included in the BCID panel.

3) 100% concordance (9/9) was found between the microbroth dilution MIC
method and BCID on detection of antibiotic resistance. The mecA gene was
correctly detected in 5 Staphylococcus aureus and 3 coagulase-negative
Staphylococus. The vanA gene was correctly detected in a vancomycin-
resistant Enterococcus faecium.

4) In 4 cases (10.3%), BCID detected 2 pathogens while the routine method
detected only one. Review of these cases revealed that the first pathogen
overgrew the second on the culture plates.

MALDI-TOF Mass Spectrometry
Microorganism ldentification

Interpret data and
identify species

Generate MALDI-TOF

profile spectrum {
Prepare MALDI
target plate u -
Select colony or
process blood &
culture bottle

Unknown
Microorganism P. Murray

11



Loading the Target Slide (48 spots)

Picking the colony

Loading the colony on
target slide+ adding the
martrix solution

Loading the target slide into
the instrument

Bacterial Identification
(MALDI-TOF Mass Spectrometer )

»Rapid: less than 1 min per isolate for ID

»High throughput: up to 98 samples on one metal
plate

»Simple to perform

»>Relatively low cost per test

QONot FDA approved

QCapital cost could be a limiting factor for small or
midsize labs

Pathogen ID from positive blood culture bottle???

bioMerieux/Bruker/BD
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MALDI-TOF MS spectra of the 57 isolates composed of six common pathogenic bacterial
red: S. aureus
Green: Streptococcus group B
Blue: E. coli
. pneumoniae
almonella serotype B
Indigo: P. aeruginosa

Hsieh S et al. Mol Cell Proteomics 2008;7:448-456

EMMA: Elemental Multivariate
Microbiological Analysis

« utilizes laser-induced breakdown spectroscopy
(LIBS) to measure the unique atomic or elemental
composition of bacteria

powerful pulsed \
laser ’

a high-energy laser pulse ’
atomizes the bacterial

sample

light from the laser spark

is used to analyze ¥

elemental composition
spectrometer

LIBS Spectrum is like a Bar Code: Unique for Each Sample

12



Advantages of LIBS

Simple sample preparation

Total specimen analysis (including prep) less than 5 min
No expertise required to operate / interpret results
Spark analysis few seconds

Robust and reliable: being used on new Mars rover
Does not require matrix to assist/enhance ablation

Reproducibility

Abbott PLEX-ID
Electrospray lonization
Mass Spectroscopy

Rapid ID of pathogens directly from clinical samples
PCR + mass spectroscopy

Determination of amplicon sequence without conventional
sequencing method (sequence signature)

Use of sequence data bank

Available at some of the State Laboratories in US, not commercially
available for use in clinical labs

98% concordance with current reference methods.
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EMMA Study
Wayne State University / University of Windsor Data

4 years of data on LIBS spectral fingerprint:

Independent of culture media

Independent of the state of growth of the bacteria

Capable of identifying dead bacteria (autoclaved or UV irradiated)
Capable of identifying mixed bacteria

Capable of detecting and identifying bacteria directly from clinical
sample (urine)

Capable of strain discrimination (epidemiology/infection control)
Lower limit of detection of 500 bacteria or lower

intensity is linearly dependent with cell count/titer, suggesting a
rapid (one hour) test for antibiotic resistance/sensitivity

*Several of these results also
confirmed by other research groups

PLEXID Technology Overview

Amplification of
target genes

Mass
spectrometry

Spectral signal

Mass/base
composition

13
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FilmArray Technology Overview

Vg
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Thank you

1st stage 2nd stage
multiplex PCR PCR

Amplification/Detection

Bacterial Discrimination by EMMA

B 1: Escherichia
© 2: Enterobacter
> 3: Staphylococcus : — P —
% 4: Streptococcus

A 5

Discriminant Function Score 3
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