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%% Outline

 The challenge of broad pathogen detection

 The Ibis approach

— Principle of operation
« Bacterial detection and strain typing

— Group A strep - direct throat swab analysis
 Viral detection and strain typing

— Influenza
* Pan-influenza detection and strain typing

* |ntegrated platform
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“ The Pathogen Detection Arena

» Biological weapons defense is not just about
anthrax

 Food safety is not just about E. coli 0157

* Hospital associated infections are not just due
to Staph. aureus
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Hwic The Pathogen Detection Arena

There are numerous naturally occurring infectious
diseases

Over 1000 agents known to infect humans*
— 217 virus species

— 538 bacterial species

— 307 fungi

— 66 parasitic protozoa

Additional plant and animal pathogens not counted
Numerous strain variations
Potential bio-engineered organisms

*Taylor et al. Phil. Trans. R. Soc. Lond. B (2001) 356, 983-989



N/lJ Technology Transition Workshop

National

FiE  Mainstream Bioagent Detection

Today
e Culture techniques ’C::‘
— Detects a subset of all pathogens ‘
— Can take multiple days (weeks) © Microsoft Media Elements

e Single agent nucleic acid tests
— One test for each agent (smallpox,

anthrax, p|ague, etc.) Nucleic acid tests (NAT's)
<<=
— Need too many tests — —
- Fall to deteCt neWIy emergent IMAGE COURTESY OF STEVEN A. HOFSTADLER, PH.D.
pathogens

 There Is currently no good
method to detect organisms that
have never been seen before
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suic  Bacterial Threat Symbols
Microbial Rosetta Stone Database
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9 NIAID Category A Priority Pathogen Y Globally Important Human Pathogen
§ NIAID Category B Priority Pathogen Y Medically Important Human Pathogen
W NIAID Category C Priority Pathogen W Important Animal Pathogen

¥ Important Plant Pathogen
& HHS Select Agent

% High Potential For Bioengineering
# USDA High Consequence Animal Pathogen

Zoonotic Agent
@ USDA High Consequence Plant Pathogen o 'CAg
+&% Toxin
A Validated Biological Weapon #~ CDC Notifiable Agent
& Potential Biological Weapon *\ Principal Foodborne Pathogen

A Validated Biocrime Agent 1 Emerging Infectious Agent

TABLE COURTESY OF CHRISTIAN MASSIRE, PH.D.
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Cytophagales

Y Prevotalla sp.

Y Bacleroides fragiiz

T i 4 4
!Y Capnocytophags canimorsus
o . " "

Spirochetes
#% 1 &Y Borstia burgdorfari
Y Bowrslis hermai
Y Bowmslia turicatss
Y S
AT T Treponema patlidum

Actinob?cteria

ST Conynebactsrium diphtherias

70k | 35 7 A ¥ Mycobacterium tubsrculosis

Chlamydia
% T &5 Chiamydia frachomatis
&btk | 2 M Y Chiamydophita paittaci
ik | ¥ ¥ criamydophiia preumanise
| Parachlamydia scanthamosbae
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Bacteria

Y Agrobacierium tumefaciens

¥ Gampyiobactar ftus | ¥ Bartonoli quintana
itk 1\ @ ¥ Campylobacter jajuni | AR ® ® T Hucalls aborius
Helicobactsr cinasd | A4 #® 7 T brucals meltensis
Y Halicobactsr fannelias | 248 %% T Sucalls suis
> Candidstus Liberibacter africanus

Epsilon
Alpha

!:5‘5. cm
0 Ab &b @ P Ricksttsia prowazski 30 A Orisntia tsutsugamushi
HARAD T Rowsitsiarichetsi 3tk | @ Rickstisia conarii
itk | A Y Ricketisia typhi Y Ricksttsia falis

Proteobacteria

o fum amycolaturn Y Achromabacter xylosaxidans Gamma | &4 @® DT Francissla warsnsis
avium Corynebacterium smycolaf,
i s i | &Y Soceats partiss
gk | Mycobacterium bovis Y Conynebactarium
v - Y fuam jeiketiam &&O@;Mm Y Stenotrophomonas maltophilia
i i i | Corynetacterium ssrosis Burkholdaria matisi & Coialle buenalti 4f Xanthomonas matvacearum
Yc inhihenit ! Ratstonis mannitaiiytica 1 3% A\ Y Legionsiia preumagphila ¥ > Xanthomanas oryzas pv. oryzicala
¥ Mycobactarium kansasi | Ratstonia picketti | Y Tatiockis micdsdsi @ yiatia st
ﬁ."wmmmm > Ratstonia solanecesrum )
Mycobacterium spp. = ammarss S
¥ Mycobactarium simiss ¥ Acinatobacter sniratus | ¥ Pssudomanas asmuginosa *l’&‘@“""’m’“"*‘
T e Y Actinomy 'y : =t ; . Ta spp. ¥ Hasmophilus aphrophilus
Fa Myu?hadsrunr.ﬂoarm # Clevitiactar michi X T : = Mvda_ ¥ Asromonss hydrophila | "
Y Mycobacterium xenopi W Propicni g 1 Y stutzeri 2 oo
% | T Nocardia astarides ¥ Rothia . # Y Pseudomonas syringse pv. glycinea 1 & T Y Hasmophils influsnzas
M;Mmm Y Tropheryma whipplai 'fé'f‘?g;mm - i-‘fwmnfm v
Fusobacteria - ¥ Postmrate ookl
¥ Fusobactsrium necrophorum ¥ > Mycoplasma mycoides ,
¥ Streptobails monitformis Y‘Ewmemm Yo M 21| \ﬁﬁ‘rmmw
rhusiopathiza . . ) Shiga Toxin
P e Mollicutes irmicutes Y s
¥ Anserococcus prevotii + Y Saimonsia entsriditis
¥ Y et % A @ ® &Y Clostridium botulinum o BrERNEEE REET A Salmansha paratyphi
] & Y'Y strptococcus posumonizs - Bacil| 02 b @@ Botuinum Toxin ;Ymmﬁwﬁsmmime_ LA A4 @ T Y saimansis typhi
fo -0 4 ﬂﬁmm. R ot fReCais Clostridia #% | Y Clostridium dificia  Morgareia morgani fal Wi ﬁ&smmb'pfmm
oo viens ¥ Entsrococcus fascium itk |\ A Clostridum perfringens ¥ Flasiomonas shigelides ] S ;
Y Bacilus sublifs 2 b 4 @ R Enterotorins &5V 4 Clostridiam tetani Y Frovidencia s i\ﬁﬁ ¥ Shigsita sannsi
HEs @ Y Listeria T T negativ ¥ Peptococcus niger . ¥ Frovic m ﬁ'\&'@?"mmm”' .
T stapt T ¥ Peptostreptococcus anssrabius Ysai ’ 5t PR @ DY Yersinia pestis
A T Y Eubacterivm sp. Y Veillonsila dispar ¥ Versinia pseudotubsrculosis

IMAGE COURTESY OF CHRISTIAN MASSIRE, PH.D.
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site  \\hy Detect and/or Type
Microorganisms via
Nucleic Acids?

« All living things rely on DNA and/or RNA to propagate
— All infectious agents* contain DNA and/or RNA
— Bacteria, viruses, fungi, protozoa

{Nlj Technology Transition Workshop

« DNA and RNA are unique among biomarkers in that
they can be amplified (e.g. PCR, WGA, NASBA, etc.)
— From trace amounts of sample
— From highly degraded samples
— From samples in complex backgrounds

« NO CULTURE REQUIRED

* Except those nasty prions!
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site  \\hy Detect and/or Type
Microorganisms via
Nucleic Acids?

{Nlj Technology Transition Workshop

« Some genetic differences do not result in phenotypic
differences
— e.g. rRNA, VNTRs, SNPs

* Range of specificity can be “tuned” for different
applications
— “Name That Bug”: broad range primers
— “Genotype/Strain - Type That Bug”: species specific primers
— “Profile That Bug”: drug resistance, virulence markers, etc.
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Amplified Nucleic Acids

SequenCIng GAI(%DGGT TGATTGI(?:DTGTAC T TGCE'EI'DTG TAAGCAT%DGC
— “Gold Standard”

* Fluorescent intercalating dye

e Hybridization
— Specific probe with FRET pair
 DNA microarray

e Melting profiles

nnnnnnnnnnn

« Electrophoresis e

— Slab gels = |l e
— Capillary gel electrophoresis =
o LL_MH_
« WHAT ABOUT MASS? = | 1

IMAGES COURTESY OF STEVEN A. HOFSTADLER, PH.D.
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ldentification and Strain Typing of
Bacterial and Viral Pathogens
Using High Performance Mass
Spectrometry: The Ibis Concept

Defense Advanced Research Projects (DARPA)
Centers for Disease Control (CDC)
National Institute of Allergy and Infectious Diseases (NIAID)

Department of Homeland Security (DHS)
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wiwe  The Ibis Approach to Pathogen ID

and Strain-Typing

SliZ2 ldentify genomic regions for == Amplify nucleic acids to
identification: measure:

Variable DNA sequences flanked by Use broad-range, unbiased PCR

conserved sequences primers
Conserved DNA Variable DNA Conserved DNA P\i‘f
TAVAVAVAVAN
TAVAVAVAVAY
aVaVaVaVal

Identify the organisms:

Base-composition fingerprints

Sl Measure nucleic acid:
¢}| ESI-TOF

STEP

I T ] — = Electron
Sample —> — 1< l : N Multiplier
ESI needle I—[ |j_
Capillary* lon
Store
- v
=

Reflectron
IMAGES COURTESY OF STEVEN A. HOFSTADLER, PH.D.
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s Broad Range Priming in Bacteria

STEP Primers bind to conserved
regions present in ALL
l (or groups of) bacteria l
> C——

L0V AT GATACCCTGGTAGTCC
E. col ACGCCETALACGATOTCGACTIGRAGGTTOTEC - CTTGA-GOCETERCTICC00AG TAACGOGTTAAGTCBAC
Cox. bumeti ¢ ACGCCGTCAACATGAGAACTAGCTOTTIG8GAAG-~TTCA~CTICTTAGTAGCGAAGCTAACGOGTTAAGTICIC
Leg. pneumophila ACGCTGTAAACGATGTCAACTAGC TG T IGGT AT~ ATGALAATAATTAGTGECGCAGCARACGCGATAAGTTGAC ﬁ
Ricket rowazeki ACGCCOTAAACGATGAGTOCTAGATATCGGAGG--ATTCT- - CTRCATITCACACCTAACGCATTAAGLACTC T
Mycb. tuberculosis ACCCGTANACGETGO6TACTAGEIGTG0GTTTCCTTCCTIGaGATCCATGC00TAGC TACGCATTAAGTACKC
Trep. pallidum ACACAGTAAACGATGTACACTAGGTGTIGR6C--=ATGA-~GTCTCOB0GCCGACGGAACGCATTAAGTGTAC T
Bacillus anthracis ACGCCGTAAACGATGAGTGCTAAGTGT TAGAGGG-TTTCCGCCCTTTAGTGCTGAAGT TAACGCATTAAGCACTC
Staph. aureus ACGCCGTAAACGATGAGTGCTAAGTGTTAGGGGG-TTTCCGCCCCTTAGTGCTGCAGCTAACGCATTAAGCACTC A
Staph, epidermidis ACGCCGTAAACGATGAGTGCTAAGTGTTAGGEAG-TTTCCRCCCCTTAGTECTGCAG TANCGCATTAAGCACTC A
Strep. agalactiag ACGCCGTALACGATGAGTGCTAGG TG TTAGGCCC-TTTCCGERRCTTAGTGCCGCAG TAACGCATTAAGCACTE A
Strep. mutans ACGCCGTARACGATGAGTGCTAGRTGTTAGGCCC-TTTCCG000CTTAGTCCORAG TAACGCAATAAGCACTC A
Strep. pneumoniae ACGCTGTARACGATGAGTGCTAGS TG TAGACCC- TTTCCGRGETTAGTCCOTAGC TANCOCATTAAGCACTC )
Strep. pyogenes ACGCCGTANACGATGGTGCTAGGTGTTAGGCCC-TTTCCGG0GCTAGTGCCEGAGCTAACGCATTANGCACTC ﬂ

IMAGE COURTESY OF STEVEN A. HOFSTADLER, PH.D.

Region varies in different

kinds of bacteria ==> A [AwaCyTz]
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wiE  The Polymerase Chain Reaction (PCR)

3¢

o e

STEP

on e o g
[ L W

LAl n )

Lan L
La e L L
o L o L
[ R )

a el Ln L

IMAGE COURTESY OF STEVEN A. HOFSTADLER, PH.D.

Performed using primers
designed for broad coverage

PCR cycling conditions
tolerate mismatches on initial
cycles

All primer pairs designed to
work under identical PCR
conditions

Each well contains an
internal calibrant

Generally don’t multiplex
broad range primers (e.g. 16S
and 23S rDNA)

Multiplexing of more specific
primers common (e.g. strain
typing, drug resistance,
virulence)
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Z;’?{?H?u"f%’ Automated ESI-TOF of PCR

— Amplicons on lbis T5000™

o

S5 Measure nucleic acid:
%} Electrospray lonization (ESI) -
Time-of-flight (TOF) Mass Spectrometry """

o
\3- N
(M-30H+)3- "
35-
/ 29-
MW = 32,588.90
37-
1089 1003 mlz 27.
390-
4]- 25-
(RO W0 R

IMAGE COURTESY OF STEVEN A. HOFSTADLER, PH.D. | 800 | 900 | 1000 rﬁ/z 1100 | 1200 | 1300
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© Microsoft Media Elements

© Mlcrosoft Medla Elements

Penny = 2.500 g
Nickel = 3.950 g

2%

Dime = 2.268 g

N[J Technology Transition Workshop o
wi:  Masses to Base Composition

Weight = 4.6 grams
. 2 dimes

MW = 32,5688.90 amu
. A28 G29 C25 T24

Requires 25 ppm
mass measurement error

Quarter =5.670 ¢
Scale
~5. A =313.0576 amu
# G = 329.0526 amu
5 C = 289.0464 amu
__‘/ T = 304.0461 amu
e A UWLIMMMM
800 900 1000 1100
© Microsoft Media Elements m/z

1200 1300 Math takes into account
Watson-Crick base pairing

Mass Spectrum IMAGE COURTESY OF STEVEN A. HOFSTADLER, PH.D.
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Primer 356 (RplIB) Expected Products
Identify the organisms:
STEP Streptococcus
Streptococcus A pneumoniae
Base-composition pyogenes
fingerprints 30 * 29 / 30 31
31 \ -
Streptocgcé:gcus . @ 37
eqU|37 i
Staph(}/locc_)c_cus 36
36 epidermidis
@
Strept%coc_:pus:%/' o \ 35
gordonii o° 2
: 34
34 . Staphyl '
a OCOCCUSy «
\ P rode 2 T C
30
G 28 Bacillus
29 anthracis
A34 G31 C29 (T27)

31

IMAGE COURTESY OF STEVEN A. HOFSTADLER, PH.D.
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Broad Pathogen Detection

Instead of asking; “Is pathogen X in my sample?”, we ask:
“Which pathogen, or pathogens, are in my sample?”
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wewe  Group A Streptococcus (GAS)
Outbreaks in Military Settings

e QOutbreaks of Group A strep at
MCRC 2002/2003

— Highly virulent strain
— One death, 160 hospitalized
— Training activities suspended

{NU Technology Transition Workshop

 Initial analysis of post-culture
samples

— 80 samples sent from NHRC, Dr.
Kevin Russell, December 20, 2002

— “Hijacked” some BW air
surveillance plates

* Follow up surveillance at multiple
military bases

« Direct analysis of throat swabs

without culture
Ecker et al. Proc. Nat. Acad. Sci. USA, (2005) 102(22), 8012-17
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Z!X?E?J‘t%’ Primer 17 (a 23S primer)

of Justice

Observed Products (from culture)

P Strej
. B I Gordonii

"'. Strep —, \
‘. |
~mutans

Strep' \ B

pyogenes Strep :
NHRC @@ | “4_ pneumonia
Test taph epide?rmidis
Samples : ] :
: P
| /'\ Staph
llll I: f/_ﬁ us E
G Bacillus —" |
affthracis T

IMAGE COURTESY OF STEVEN A. HOFSTADLER, PH.D.

All primers of all samples consistent with S. pyogenes
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Direct Analysis of Throat Swab*

*Repeat swab positive on culture for Streptococcus pyogenes
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#we  Multl-primer Triangulation

Cumulative
Organism Estimate of Relative Abundances
Genomes/Swab
Haemophilus influenzae 7.38E+05 1.00
Neisseria meningitidis 3.77E+05 0.51
Streptococcus pyogenes 1.89E+05 0.26
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National Haemophilus influenzae, Neisseria meningitidis,
of luttie Streptococcus pyogenes (Ratio 4/2/1, 1.5 X 10 genomes/swab)

[ Primer #1  Mass Base Count
M 1 Blue 18234.970 DS S o
=1 [l 1 ] Blue 17948.926 A,G1CpTys
) Blue
Blue
Blue

Chlamydia
Cytophagales 3 T 8, creamyan recnomats

il aa:n:m-:asmwyﬂs P Tgmm_,w AbhaFe L S5 B W Cruamyciohia petac

w T E

W Capnooyiannags oanmarss

1 Crepmaceactamm manmgossptcum

Spirochetes
FhT P8 Forroin borgdaan
W Scrraks s

1 Parachiamysa acanthamostes:

W Sormka fwicatas
W Leptomors inbvirogans:
S8 T ¥ Troporens paten

Actinobacteria
1 L4 W Conrehactenium dphthaces
125 T Ak ¥ acotactonum tubarcoiass
k] ¥ Mycobactenim v 1 Corprmtastoriom amysaten
v bowis
W Corrretiactorium et
1 Conymehactenum semss
¥ Conprratiactarian =
R U —

1 i @ &P T Fromcicole el

el ne
W ocoacterium chelones
W M poctciecum formutar
W probaciorn geva reose

¥ Sterctroptomanas makcphiia
o Hanthomonss meneemm

o Hanthomiores cryes v CrrEs
W Manthomionas orpEes gy oo

Lo Bnghecnas
Lagionaka preumephia

T
F Clovtacter mihganss

1 i A A BT vieo cheraries

o 0 T T ———
Fusobacteria 5 1 @ W viio vomices

W Fusctacieiam mecroph o

[ —

B % 1Y S T Eschenciia ool

W Civebactar freune W
ST A R O Shigga Toan

H H p—
irmicutes Y= sunin 2T -
ﬁ“&..@@;mw e e —
sz b A2 W Bodutioum Taie ":‘“"“m“m % AR Y W Samonaka pn
Clostridia T_‘,M““mm BN P R ———

VW Ertorooontus e
¥ Erverccoctus Mewescans
# | W ¥ sapiicooms sumus

W Bociis subwis - A B > Erveroranins £ 2 T e sanoe
Ly @B W Lismnn v 5 32 = :m‘“*" 2, b @ versiva antcoooics
; ; st - 2 & 25 AR T versina pasis

T versina preudciubercuiass

IMAGE COURTESY OF CHRISTIAN MASSIRE, PH.D.
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#Conclusions of Pneumonia Study*

Primary pathogen

— Streptococcus pyogenes
(GAS)

— Known virulent strain

Secondary pathogens
— Haemophilus influenzae
— Neisseria meningitidis

5 other military facilities

— Determined these sites had
a mixture of strain types

Throughput
— >200/samples per day

* Ecker et al. (2005) Proc. Natl. Acad. Sci. Vol. 102(22): p8012-8017
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Virus ldentification and Typing
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st Viral Coverage

,,,,,,,,,,,,,, L < @ Tegaviridae

Bunyaviridae Alphavirus

1 # T Eastern equine encaphalitis virus
AR EE 0 Venezuelan equine encephalitis virus
& @ western equine encephalomyeifis virus

New world arenaviruses
F Floxal virus

B T Guanarito virus

0 T dunin virus

& T Machupo virus

T Sabia virus

Nairovirus

@ © Crimean-Congo hemorhagic fever virus Flaviviridae

Pestivirus

Hantavirus
- Classical swine fever virus

& Andes virus

: ® Bayou virus N iri
. Old world arenaviruses & Hantaan virus Orthobunyavirus Potyv iridae -

: Fi ¥ Lassa virus @ Sin nombre Wirss & Axabane virus Potyvirus / Hepacivirus
H B Lymphocytic choriomeningitis virus @ California encephalitis virus & Plum pox virus Flavivirus T Hepatitis C virus

® Dengue virus 1-4
® ® Japanese encephalitis virus

T Kumiinge virus
@ T Kyasanur forest disease virus

¥ Omsk hemorrhagic fever virus

 Russian spring-summer encephalitis virus
& T Tick-borme encephalitis virus

T Tick-borne encephalitis virus (strain SOFJIN)
& West Nife virus J
® vellow fever virus.

® La Crosse virus

Phlebovirus
& T Rift valiey
fever virus

'Orthomyxovlridae.

¥ & influenza C virus

Morbillivirus
T Measles vins _ Rubulavirus
#® Rinderpest virus % Menangle virus
# Peste-des-pelits-

—ruminants virus

T @ Influenza B virus

3 5
FAvian influenza virus

T & influenza A virus

Hepatovirus
@ Hepatifis A virus

Henipahvirus
WP Hendra virus

P Nipah virus p Enterovirus
ey | hY > Swine vesicular disease virus

Marburgvirus T Poliovius
¥ T Lake Victons marburgvirus

Ebolavirus
W Ivory Coast ebolavirus
& T Reston sbolavirus
© T Sudan ebolavirus
& T Zaire ebolavirus

Filoviridae

Aphthovirus
¥ Foot-and-mouth disease virus

Picornaviridae

Norovirus
@ Norwaik virus

Retroid

Vesiculovirus
W Vesicular

Lyssavirus Stomatitis virus
& Rabies virus

Rhabdoviridae /

Pneumovirus
¥ Humnan respiratory =
syncytial virus

Lentivirus N
Y Human immunodeficiency virus 1
¥ Human immunodeficiency virus 2

Reoviridae Rotavirus R Orihohopadnedies Retroviridae Asfarviridae
o 1\ V& Rotavius A. 5, C - y Asfivirus
Orbivirus /
@ A . L Hepadnaviridae ® African swine fever virus
rican Horse Sickness Virus Coltivirus .

@@ Blustongue Vius 16k ¥ Colorado Tick Fever Virus

Banna Virus

Herpesviridae
Simplexvirus
ye #: T Cercopithecine herpesvirus 1
Y Human herpesvirus 1
Y Human herpesvirus 2

q q — e
Rhadinovirus
@ Alcelaphine herpesvirus 1
1 Human herpesvirus 8

Cytomegalovirus
¥ Human herpesvirus 5 (CMV)

Varicellovirus

Parvoviridae

| % Adeno-associated virus 1-12, 2H, 3B ) .

Y Rheumatoid arthritis virus

DNA Viruses

Mastadenovirus
Human adenoviruses A-F

Adenoviridae

&b ¥ Monkeypox virus
& @ P Variola virus

~7"" Capripoxvirus

4 Lumpy skin disease virus

Papillomaviridae

¥ Human papillomavirus

1 ¥ Human herpesvirus 6
Y Human herpesvirus 7

Lymphocryptovirus
¥ Human herpesvirus 4

Polyomaviridae

= ¥ Human herpesvirus 3 (chicken pox)

¥ BK polyomavirus

IMAGE COURTESY OF CHRISTIAN MASSIRE, PH.D.
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_ / \ Togavmdae L
Arenaviridae BunyavirSes Alphavirus ) Y
/ & ® P Eastern equine encephalitis virus - Y
/ New world arenaviruses ( Nairovirus | | B@®F Venezuelan equine encephalitis virus . s |
< Flexal virus i ! oD Crimean-Congo hemorrhagic fever virus {‘ L &) Western equine encephalomyelitis virus F I avivi rldae |
| O D Guanarito virus Az |
& % Junin virus L\ Hantavirus Pestivirus
@ © Machupo virus @ Andes virus ® Classical swine fever virus
/ % Sabia virus @ Bayou virus \
I
[ Old world arenaviruses - e v

3 ® Sin nombre vius _ Orthobunyavirus
@ ¥ Lassa virus

Potyvirus > Hepacivirus /
i y . . Akabane virus © Plum pox virus / o Y Hepatitis C virus |
\ @ Lymphocytic choriomeningitis virus //// @ California encephalitis virus \ £ o gi??v:rzl: ::58 D /
- g @ LaCrossevius J . | e®, g - /
- S Phlebovirus T ‘, apanese encephalltis virus /
— Y — \ & Kumlinge virus [
‘./ ~_\_ B ®T RIft valley

fever virus | @& Kyasanur forest disease virus |

! % Omsk hemorrhagic fever virus ‘

\ Paramyxoviridae\\ Orthomyxoviridae

\
% Russian spring-summer encephalitis virus ‘\
\ T /, ¥ @ Influenza C virus / & © Tick-borne encephalitis virus \\
\ Morbillivirus S { ! Tick-borne encephalitis virus (strain SOFJIN)
\ ¥ Measles virus Rubulavirus \ Y @ influenza B virus @ West Nile virus /ﬁ
\ ® Rinderpest virus ~ ® Menangle virus \ ﬂ & Yellow fever virus e
\ ® Peste-des-petits- Avulavirus & Avian influenza virus T : g

\ -ruminants virus * Newcastle |

disease
virus

Y @ Influenza A virus

Y SARS

Henipahvirus Coronawrus

Hepatovirus \
"\ @ Hendra virus

@ Hepatitis A virus |
N
®® Nipah virus - |
D 2 —— - . Enterovirus ‘
™ > Swine vesicular disease virus
| Marburgwrus ssRNA ( -) v Y Poliovirus
@ © Lake Victoria marburgvirus - — \\ | / Aphthovirus \
Ebolavirus Vesiculovirus \ /@ Foot-and-mouth disease virus \
@ T Ivory Coast ebolavirus g . ® Vesicular @ Norwall ' ] o |
& S Reston ebolavirus i\ Lyssavirus Stomatitis virus \ — . Picornaviridae l
@ Sudan ebolavirus / N b virus \ . - /
@ T Zaire ebolavirus //" Pneumovirus ) Retroid — . /’
.‘ Y Human respiratory =

. |

. Rhabdoviridae /

Fllovmda synoytialvinis |\ ' 4
@ / e Rl

 —— _— \'“-\;\I Y Human immunodeficiency vily
N Rotavirus B ; Orthohepadnavirus |/ i /
/ Orbivirus : [ s // Retroviridae L —
f?/Afncan horse sickness virus V rolaviERiEg, — | Qe 0altia B ViES 4 / ‘\ I ,_-Id enti f| cation an d
¥ Bluetongue virus A9 "‘.\ ) / o — t in Of
__ . R

Influenza virus

IMAGE COURTESY OF CHRISTIAN MASSIRE, PH.D.
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ried Influenza Virus Surveillance:
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Project Collaborators

CMDR Kevin Russell M.D., Naval Health Research Center,
San Diego, CA

Kirsten St.George, MAppSc, PhD, New York State
Department of Health, Slingerlands, NY

Charlotte Gaydos, Dr.P.H. and Rich Rothman, M.D.
Johns Hopkins University, Baltimore, MD

Stan Lemon M.D., University of Texas Medical Branch,
Galveston, TX

Wendy Sessions. M, SV (ASCP), Texas Department of
State Health Services

Dave Stallknecht and Ginger Goekjian, College of
Veterinary Medicine, University of Georgia
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s |pis TH5O000™ Influenza Virus Assay

)

é:-“

) Isolated RNA

Pan Influenza Primer

PB1 PCR
\ Desalting Mass Spectrometer

T ==
I

ample S #):
’ same iS\ needle i 7‘\7 f

Capillary * lon

Influenza A Primers

}

Influenza B Primers { Reflectron

1 JJHJ L_ih mn i B -

T 7Y W A39 G32 C23 T34 A32 G23 C20 T26 A24 G30 C23 T28 |A37 G23 C27 125 _ A35 G27 C17 T26 | |

Influenza B | [ | | I I |

(TSl A39 G32 C23 T34 A32 G23 C20 T26 A24 G30 C23 T28 |A37 G23 C27 125 _ A35 G27 C17 T26 | |

l Influenza species, subtype, clade type
determined by comparison with database

IMAGE COURTESY OF STEVEN A. HOFSTADLER, PH.D.
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Human
and Swine
HIN1,
H2N2,
H3N2

Canine,
Equine
H3N8

Human,
Avian
H5N1

Other
Avian,
Swine

Influenza
Band C
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Pan-influenza Primer Polymerase PB1 Primer
L

I A o i
G.CG.... Bt
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CAACATGCTALGTACAGTCTTGGGAGT CTCAAT CCTCALCCTTCOGCALALGAAGTACACCALAACALCATACTGET
CAACATGCTARGTACGETTTTAGGAGT CT CAAT CCTCARTCTTCOGCALALGAGATACACCALRACALCATACTGGT
CACATGCTAAGTACGET TT TAGGAGTCT CAGTCCTCLAT CTTGGLCALAAGACATACACCARARCARCATACTGET
CAACATGCTARGTACGETTTTAGGAGT CT CAAT CCTCALTCTTCOGCALAACGAGATACACCALLACALCATACTGET

B o e B CAACATGCT GAGTACAGTCCTAGGAGT CT CAAT CCTCALTCTTGGACAGAALAGGTACACCAARACCACATATTGET. ...
CAACATGCTGAGTACAGT CTTAGGAGTCT CALTCCTCAAT CT TG AL AGAGCTATACCAGALCCACGTACT GET
CAMCATGCT GAGTACAGTCCTAGGAGT CT CAAT COTCAATCTTCCACAGAALAGGTACACCAAMACCACATATTGET. ...
CAACATGTTARGCACTCTACTAGGTGTAT CCATAT TAAACCTAGGT CARAGGAALTACACAALGACCACATACTGET. ... .. Wl S b
CACAT LT AT ACAGTAT TAGGAGT T T CARTCCTCAAT CTTCCACLLAACACCTACACCARARCTACATACTGET. .. ... B g
................. CAACATGCT GAGTACAGTTTTAGGAGTAT CAAT CCTCALTCTTCOGCALAAGAGGTACACCALRACCACATACTGRT. .. ..o A CLL
(o7 SeA——— Bl s e CAACATGCTGAGTACAGTTTTAGGAGTAT CAATCCTCALTCTTGOGCALAAGAGGTACACCAARACCACATACTGRT. .. ..o a e TR L
CAACATGCTGAGTACAGT CTTAGGAGTTT CALTCCTGAATCTIGGGCLL Y ARAPPTARAP AR AL AMARATART AT
LB o it i B0 CAATATGTTALGTACTGTATTAGGCGT CTCCATCCTCALTCTTGRACLY
GR: Bt s R CAGTATGTTALGTACTGTATTAGGCGTCTCCATCCTGAATCTTGGACAL
..... TARTATGCTATCTACCGT CTTGGEAGTAGCCGCACTL
..... TAATATGCTATCTACCGTGTTGGGAGTAGCCGOACTL
..... TAATATGCTATCTACCGTGTTGGGAGTAGCCGLACTA
..... TAATATGCTATCTACCGTGTTGLGAGTAGCCGOACTA
..... TAATATGCTATCTACCGTGT TGGGAGTAGCAGCACTL
..... TAATATGCTATCTACCGTGTTGGGAGTAGCAGCACTA

CATTGGAALCARRGRATACTTAT. (... ... G
ATCAMARACATTGCAAACAARGRAATACTTAT. .. ... .... G
GGTATCAARAACATTGCAAACAAAGARTACTTAT. o oot.. Y
GGTATCAARAACATTGOALACAAGGARTACTTAT. .. ... G
GGTATTAARAACATTGCAALCAAGGARTACTTAT. ...oou.. [
..... CAACATGCTCTCARCAGTTCTT GEAGTARGTACAT TATCTTATATGGAT GAAGAACTARALGCCARAGGATGTTTITT. (AC. ... ...,
..... CACAT G TG CARCAGT IO T T GoACTAAGTACAT TATGTTATAT GLAT CAA CLACTARRAGC CARAGEATCTTTTT. (AL ... ...,

] R B B e B e E R 43
1300 1380 1330 1400 1410 1420
TCTOCTCCLLT GATGATCGEECATCTT GEEATGEACTCCALTCCTCTGAT A

ol e P B CARTATCTTAAGCACTCTAT TAGGCETCT COATCCTCAAT CTTCACARAAGAGATACACCAAGACTACTTACTGET. ... .. ;8. [V, . R T
Gl B S CAATATGTTAAGTACTGTATTAGGCGTCTCCAT CCTCAATCTTCOACALALGAGACACACCARGACTACTTACTGET. .. .. .. it ER s T
Lol e s s CAnTATCTTAAGCACTCTAT TAGCCETCT COATCCTCAAT CTTCCAC AR CACATACACCALCACTACTTACTCET. ... .. s [, COETNDRY) W
s R e CAATATGTTAAGCACTCTAT TGGGCETCT COATCCTCAAT CTTCLACARLAGAGATACACCAAGACTACTTACTGET. .. .. .. j = et R T
LA TATCT TR AT CT TG CETCT COATCC T AT CT TGO CARAACAGATACACCAAGACTACTTACTGET. ... .. ;. [V B oo T

TAACAT T T G ACTGT CT TGGETCTT T CCAT T T TAAT CTTCCACACALGCACTACACGAAGLCTGCTTATTGET. .. 0. T ... . Wiy T

TAACAT LT A ACAGT CoTAGGAGTCT CoATCT TEAATCTTCOCCALLACAGATACACTAMARCCACATACTGET. ... L . e, C

s B i R R e LA AT LT AT AT TT TAGCAGTCT CoATAC TEAAT CTTCLACARAACARATACACCAAGACAACATACTGET. ... .. R B T
L s, Bl e s s CACAT GO T A GTACGET TT TAGCAGTCT CEATAC TCAAT CTTCGCCALAACARATACACCAAGACAACATACTCET. ... B e LT |
CAACATC LT AT ACACT CTTAGCAGTCT CARTCCTCAAT CTTCCACARAACARCTACACCAMARCAACATACTCET. .. Coo L C

LA AT LT AAGTACACT CT TAGGAGTCT CARTCCTCAAT CTCCG O AR A AR TACACCAMARCHACATACTGET. .. Coo C
CAACATGCTAAGTACAGTCTTAGGAGTCTCAAT CCTCAATCTTCOACALALGALGTACACCARLACAACATACTGET. .. Coion i C

b e et e CAACATGCTAAGTACGET TTTGGCAGTCT CEATTCTALAT CTAGG L AL ACACCTATACCARARCARCATACTGET. .. 0o Lt R C
(e O Bz e e s CAACATGTTGAGCACTGTGCTGGGTGTAT CCATAT TAALCCTOCECCACAGCALATACACLALCACCACATACTGRT. .. .. .. O, I LR, C
| AR | e S MR CAACATGTT GAGCACTGTGCTAGGTGTAT CCATAT TAALCCTOGGCCAGAGGAAATACACLALGACCACATACTGGT. .. .. .. iR e B C
il oo s M s CACATGTTCAGCACTGT GO TGGGTCTAT COATAT TALACCTOOGC CACAGCALLTACACALAGRCCACATACTGET. .. ... i [ R ;L S— C
Ao R o VB CAACATGTT GAGCACTGTGCTGGGTGTAT CCATAT TAALCCTRGGCCAGAGGALATACACLALGACCACATACTGRT. .. .. . R R P C
e o 0 e S M B CAACATGCTAAGTACAGTTTTAGGAGTTT CAAT COTARATCTGCGACALAAGAGATACACCAARACAACGTATTGET. ... .Coo ettt L c
Gy sl e e SRR TAACATGCTARGTACGETCTTAGGAGTCT CAAT CTTAAATCTTCOGCAGAAGAGGTACACCALRLCCACATATTGET. .. ... 6. .. Beineann 1
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Influenza B virus  -ve control | Samples 2 & 4. Influenza B virus
Score Cutoff: [0.821 Mew Plats |
}

I 1
oo o1 o0z 03 04 05 06 07 08 09 1

Well 15, Sample 3 Organism Sample Basecourt Peakl1 Peakl Peak1 Peak2 Pe

Primer VIR1266 Score IMass Abundance Fit Errar Mass Abun
FLUANUC_J02147_118_218 31051.6 3030.0 0.0 31225.7 3440.0

s Influenza A wvirus|SREW ¥YORK]14/2003(H3M2) 0.96539 AZBEZNC23TE2 | o . 0.0 12257 S440.0
T Influenza A virus| & HEW YOREK] 15/ Z003(H3MNZ) 0.96539 AZBEE0CEETIE gig:::? ggZ.DD'D g:g gig;g; g::g:g
= InFluenza A viras | &JMEW YORE]16/2003(H3MZ) 0.96539 AZEGEZ0C23T32 :gg::? gg:.un.u g:g :ggg; :::g:g

..; 2.5E3 Influenza A virus|AfMEW YORK]Z21[Z003(H3MNZ) 0,96539 AZBGZOCZITIZ gigg::? ggg,ug'u g:g gig;g; g::g:g
E‘ 2E3 InFlusnza A viras| S MEW YORE]22[2003(H3M2) 0.96539 AZGCEZ0C23TIZ gigg::? :g:uﬂ.u g:g gig;g; g::g:g
31051.6 3030.0 0.0 31225.7 3440.0

A=) Influenza & wirus|AMEW YORK[24/2003(H3NZ) 0.96539 AZBEZOC23TEZ | o) Ha6.0 0.0 1225 7 4400
31051.6 3030.0 0.0 31225.7 5440.0

1E3 Influsnza & virus|&/HEW YORK]25/2003(H3N2) 0.96539 AZEG2OC23T32 1) 2 , o e 4400

cEZ2 31051.6 3030.0 0.0 31225.7 3440.0
- L Influenza A wvirus|SJREW ¥YORK]26/2003(H3M2) 0.96539 AZBEZNC23TE2 | o . 0.0 12257 S440.0

31051.6 3030.0 0.0 31225.7 5440.0

f"‘“ Influsnza & virus|A/MEW YORK/268/2003(H3NZ) 0.96539 AZEGZOCZ3T3Z L) o . o izas o 400

Pan Zoom | * I - | Fit I ST lJJ TrFhiames A wivoe ARV WODe 927 Menmad -2 mee N ofEa0 BTN AT 31051.6 3030.0 0.0 31225.7 3440.0

IMAGE COURTESY OF STEVEN A. HOFSTADLER, PH.D.
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mowe  Human Influenza Trial - Blinded Samples

. Collection No. of
Source Location Sample type
Dates Samples
MCRD, San Diego Ft.
Naval Health Leonard Wood, Ft. Sill, VEETSHELS;
. 1999-2005 nasal swabs, 317
Research Center Ft. Benning, Lackland
nasal washes
AFB
Johns Hopkins Nasal
University Medical Baltimore, MD 2003-2005 . 229
aspirates
Center
Nasal
aspirates,
NY State Dept. of
P Throughout NY 1999-2005 | BAL, tracheal 100
Health .
aspirates,
throat swabs
TX State Dept. of
P Throughout TX 2005-2006 | |Tvoatswabs, 10
Health nasal washes
Total 656

—Correctly identified all
Influenza A types

»149 H3N2

»34 HIN1
—67 Influenza B

Influenza

Sensitivity
Specificity
PPV
NPV

96.8%
97.5%
96.0%
98.0%
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Lé%ﬁf#és Detection of Mixed Infections
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Fige  Validation Study
Test Isolates from Diverse Sources

24 human influenza isolates
— 18 influenza A
— 6influenza B

63 avian influenza isolates
— 16 different avian species
» chicken, duck, goose, egret, teal, ....
— 28 distinct H/N types
e 29 HIGHLY PATHOGENIC H5N1 isolates
— 8 worldwide geographic locations
 North America, Africa, Asia

4 swine Influenza isolates

1 equine influenza isolate
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wae  Avian Flu Detection:

No Change in Assay or Primers

Isolated RNA

Pan Influenza Primer prB1 —_ PCR
Desalting Mass Spectrometer
= Seple S 1 [ )L: C : :-‘q
’ ESI neadie I—\ \ |
Capillary * lon \ I|I
Store \
— v .'I_

Influenza A Primers

Reflectron

Influenza B Primers {

N Wi e ol Bl Wbl WLl e

MUY W A39 G32 C23 T34 | A32 G23 G20 T26 A24 G30 C23 T28 A 32 T38 l
Influenza B [LEAcRINFIR LT | | | | |
(TP A39 G32C23 T34 A32 G23 C20T26 A24 G30 C23 T28 |A37 G23 C27 12! 88] A35 G27 C17 T26 [

! Influenza species, subtype, clade type
determined by comparison with database

IMAGE COURTESY OF STEVEN A. HOFSTADLER, PH.D.



National
Institute
of Justice

N\/]J Technology Transition Workshop
Avian Influenza Virus Detection:
University of Georgia Samples

24 avian influenza virus isolates collected over a six-year period
— Different host species: mallard, seagull, teal,...
— Different combinations of H and N subtypes: H12N4, H3NS...

SCWDS 1D# Serotype Species Location Date

AlO00O-1412 HG6N1 REKN Bower's Beach, DE 5/25/00
AlO00-1794 H12N4 RUTU Bower's Beach, DE 5/20/96
Al00-2150 H12N5 RUTU Villas, NJ 5/15/96
Al00-629 H7N9 RUTU Port Mahon, DE 5/19/96
Al02-262 H2N4 RUTU Mispillion Harbor,DE 5/22/98
Al02-690 H2N9 RUTU Reed's Beach, NJ 5/22/98
Al03-128 HON7 RUTU Reed's Beach, NJ 5/20/99
Al03-128 HON7 RUTU Reed's Beach, NJ 5/20/99
AlO03-755 HON5 RUTU Mispillion Harbor,DE 5/20/99
Al04-127 H10N7 RUTU Bower's Beach, DE 5/19/00
Al05-415 H3NS8 RUTU Fortescue Beach, NJ 5/21/01
Al05-415 H3NS8 RUTU Fortescue Beach, NJ 5/21/01
Al05-669 H11N8 RUTU Reed's Beach, NJ 5/25/01
AlO05-784 H11N6 RUTU Reed's Beach, NJ 5/25/01
MNOO-283 H5N2 MALL Thief Lake, MN 9/10/96
MNOO-382 H5N3 MALL Thief Lake, MN 9/10/96
MNO98-115 HA4NS8 MALL Roseau Co., MN 09/ /1998
MN98-115 H4NS8 MALL Roseau Co., MN 09/ /1998
MNO98-66 HG6N5 MALL Roseau Co., MN 09/ /1998
MN99-160 H4N6 MALL Roseau Co., MN / /1999
MN99-17 H7N7 MALL Roseau Co., MN / /1999
NC6412-009 H10N7 MAL L JM Futch, NC 12/20/00
NC675-075 H3N2 ABDU Mattamuskeet, NC 12/21/00
TX01-32 H8N4 CITE Brazoria Co., TX 2/11/97
TX01-7 H8N4 AGWT Brazoria Co., TX 2/11/97
TX02-27 H1N4 BWTE Brazoria Co., TX 2/18/98
TX02-75 HI1IN3 BWTE Brazoria Co., TX 2/18/98
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lbis T5000™ Discrimination of Diverse

Avian Influenza Virus Isolates
*Same panel was used for human Influenza detection

Serotype  |Species |Location Date 2798 1266 1279 1287 2775 2077
H1N3 BWTE Brazoria Co., TX 2/18/98| A37G33C24T34 | A35G22C22T22 A35G27C28T22 | A40G30C20T29 | A35G27C16T27
HIN7 RUTU Reed's Beach, NJ 5/20/99| A37G33C25T33 A34G27C18T26
H3N8 RUTU Fortescue Beach, NJ 5121101| A37G34C23T34 A23G30C24T28 | A34G27C28T23 A35G27C16T27
H3N8 RUTU Fortescue Beach, NJ 5/21/01| A37G34C23T34 | A34G24C20T23 | A23G30C24T28 | A34G27C28T23 A34G27C18T26
H3N2 ABDU Mattamuskeet, NC 12/21100| A37G34C23T34 A21G32024T28 A34G27C18T26
H11IN8 RUTU Reed's Beach, NJ 5/25/01] A38G33C22T35 | A35G22C22T22 | A22G31C25T27 | A34G27C28T23 | A40G30C20T29 | A35G27C16T27
H11N6 RUTU Reed's Beach, NJ 5/25/01| A38G33C22T35 | A35G22C22T22 | A23G30C24T28 | A34G27C28T23 | A40G30C20T29 | A35G27C16T27
HIN5 RUTU Mispillion Harbor DE 5/20/99] A38G33C23T34 A34G27C18T26
HIN7 RUTU Reed's Beach, NJ 5/20/99 A34G27C18T26
HEN5 MALL Roseau Co., MN 09/ 11998 A3G21C22T22 A34G27C28T23 | A40G30C20T29 | A35G27C16T27
H4NB MALL Roseau Co., MN [ 11999] A39G32C23T34 | A35G22C23T21 | A22G31C27T25 | A34G27C28T23 A34G27C18T26
H5N2 MALL Thief Lake, MN 9/10/96] A39G32023T34 | A36G21C22T22 A35G26C27T24 A34G27C18T26
HBN4 AGWT Brazoria Co., TX 2111/97| A39G32C23T34 | A36G22C21T22 A34G27C28723 A34G27C18T26
HIN7 MALL Roseau Co., MN [ 11999] A39G32023T34 A20G32027126 A34G27C18T26
H5N3 MALL Thief Lake, MN 9/10/96] A39G32C24T33 A34G27C28T23 A34G27C18T26
H2N4 RUTU Mispillion Harbor, DE 5/22/98| A39G32C24T33 | A35G22C22T22 | A22G31C25T27 A34G27C18T26
H12N5 RUTU Villas, NJ 5/15/96] A39G32C24T33 | A36G21C22T22 | A21G32C24T28 A34G27C18T26
H7N9 RUTU Port Mahon, DE 5/19/96| A39G32C24T33 | A36G21C22T22 | A21G32C24T28 A34G27C18T26
H2N9 RUTU Reed's Beach, NJ 5/22/98| A39G32C24T33 | A36G21C22T22 A34G27C18T26
H4N8S MALL Roseau Co., MN 09/ 1998( A40G31C22T35 A25G28C25T27 | A34G27C28T23 A34G27C18T26
H4N3 MALL Roseau Co., MN 09/ 11998| A40G31C22T35 A25G28C25T27 | A34G27C28T23 A34G27C18T26
H12N4 RUTU Bower's Beach, DE 5120196 A35G23C22T21 A37G32C21T29

H10NT7 RUTU Bower's Beach, DE 5/19/00| A40G31C24T33 A35G27C27T23 A34G27C18T26
H10NT7 MALL JM Futch, NC 12/20/00] A40G31C24T33 | A35G22C21T23 A34G27C18T26
HBN4 CITE Brazoria Co., TX 2/11/97| A40G31C24T33 | A35G22C22T22 A40G30C20T29 | A35G27C16T27
H1N4 BWTE Brazoria Co., TX 2/18/98| A40G31C24T33 | A36G22C22T22 A40G30C20T29 | A35G27C16T27
HoN1 REKN Bower's Beach, DE | 5/25/00] NoDetection | NoDetection | NoDetection | NoDetection | No Detection No Detection
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st Conclusions
« By “weighing” DNA with mass spectrometry, unambiguous base
compositions can be derived
— Remember coins and scale analogy!

{Nlj Technology Transition Workshop

 Base compositions derived from broad range primers can be
used to triangulate to microbial identification

 |bis platform enables broad range bacterial and viral detection

— Broad bacterial coverage using broad range primers
 Example: Direct analysis of throat swabs

— Allinfluenza (human and avian) in same assay
« Example: Human clinical specimens and avian isolates

» Respiratory Virus Surveillance Assay provides a single test
platform for 6 families of RNA and DNA respiratory viruses

 Demonstrated for bacteria and viruses without culture
— Also applicable to fungi, protozoa, and humans (not shown)

Instead of asking; “Is pathogen X in my sample?”, Ibis approach
asks: “Which pathogen(s) are in my sample.
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System Hlstory

TIGER 1.0
2000-2003 ) © 2009 Ibis Biosciences.Inc.
TIGER 2.0
© 2009 Ibis Bigsei 2003

© 2009 Ibis Biosciences:Inc.

“stooo Ibis T6000

2004-2006 2006-2009 2009-
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[# Instrument Formerly Known as

TIGER 2.0’ - Conflguratlon I

e Primary mission is pathogen
characterization & bioforensics

o Spatially isolated enclosures
— A Deck: genome isolation and PCR

setup
— B Deck: PCR, desalt, ESI-TOF, GenX

 Magnetic bead desalting

» Technician transports samples from ~| ik
A Deck to B Deck &l[! & "'““

e Footprint (A + B) = 54 ft? | (T
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Change in Instrument Format

e Rationale — Motivated by discussions with Johns
Hopkins and CDC

Space is premium in hospital/diagnostic labs
Much of “A Deck” function already present in many labs

Many different groups/applications use different sample prep
protocols

» CDC core lab model

Non-integrated “A Deck” components can be used for other
lab functions

Lower cost for hardware

e Deployments:

CDC in Atlanta, GA
FBI in Quantico, VA (2)
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#wc Deployed Systems (T5000) - FBI

 Federal Bureau of Investigation

e Two lbis T5000™ systems installed in DNA
Unit Il

« MtDNA forensics analysis

— Replaces existing sequence-based
methods(detalls to follow)
o Cost
* Throughput
* Heteroplasmy
» Mixtures

 FBI and Ibis finishing validation package
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jii  |bis T5000™

of Justice

« Amplicon purification

 Automated ESI-TOF analysis
— Robotic arm moves plates for unattended operation

e Data analysis
e Other functions performed off-line

— DNA/RNA extraction
— Plate set up into pre-kitted plates
— PCR = B
* High throughput
— 1 well/minute
— 46 sec spray ]
— 14 sec rinse T2
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it Ibis T5000™ Components

{NU Technology Transition Workshop

Bruker Daltonics micrOTOF™

Thermo CRS robotic arm
— 3 x 15 plate storage
LEAP autosampler
Custom fluidics module
— Programmable Cavro® pumps
Heat sealer
Ibis magnetic bead cleanup module
— Modified LEAP
— 8-channel head
— Shaker
— Magnetic plate
Bar code reader
Computers

© 2009 Ibis Biosciences.Inc.
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[#  1bis T6000™
» Key features

— Remove dependence on complex, high cost 3
party components

— Compatibility with existing PCR plates
— Compatibility with existing cleanup chemistry
— Accommodate priority “stat” sample

— Bottom up design with IVD market in mind
* Rigorously controlled design criteria from the start

— Support 30 second/well throughput

— Design and build prototypes such that clinical
device manufacturer can build system under
FDA-compliant design/manufacturing control



ational

4% 1bis T6000™ Design

¢« Same magnetic bead
chemistry as T5000

e Spin cuvettes (22)
aligned in carousel

 Magnetic beads aliquoted
from bead reservoir
— No mag bead plate

— No elution plate

e No robotic arms, heat
sealers, LEAPS, etc

e Accommodate “stat”
sample priority interrupt

{NU Technology Transition Workshop

© 2009 Ibis Biosciences.Inc.
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Contact Information:

Steven A. Hofstadler, Ph.D.
Ibis Biosciences, Inc.
Email: shofstadler@ibisbio.com
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