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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
e Pandemic influenza detection and strain typing

IntegratEd platform Technology IM{:/’
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The Pathogen Detection Arena

« Biological weapons defense is not just about anthrax
e Food safety is not just about E. coli 0157
« Hospital associated infections are not just due to Staph. aureus
« There are numerous naturally occurring infectious diseases
e 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

Technology !
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« Potential bio-engineered organisms ﬂj

*Taylor et al. Phil. Trans. R. Soc. Lond. B, (2001) 356, 983-989
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Mainstream Bioagent Detection Today
e Culture techniques
— Detects a subset of all pathogens & ~
— Can take multiple days (weeks)
« Single agent nucleic acid tests

— One test for each agent (smallpox, anthrax, plague,

EtC.) Nucleic acid tests (NATs)
<

— Need too many tests = —
— Fail to detect newly emergent pathogens

« There is currently no good method to detect
organisms that have never been seen before

NIJ
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Bacterial Threat Symbols

Microbial Rosetta Stone Database

9 NIAID Category A Priority Pathogen Y Globally Important Human Pathogen
§ NIAID Category B Priority Pathogen Y Medically Important Human Pathogen
% 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
+&% Toxin
A Validated Biological Weapon e~ CDC Notifiable Agent
& Potential Biological Weapon *\ Principal Foodborne Pathogen
A Validated Biocrime Agent I Emerging Infectious Agent

Image courtesy of Christian Massire, Ph.D.
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Why 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
« 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
« 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
Technology NI.I

— ” tional
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Interrogation of Amplified Nucleic Acids

130 190 200 210

SequenCing GAGGGTTGATTGC TGTACTTGC TTGTAAGCATGGC

“Gold Standard”

e Fluorescent intercalating dye
e Hybridization
— Specific probe with FRET pair

« DNA microarray

ooooooooooo

e Melting profiles

e Electrophoresis

— Slab gels |
— Capillary gel 1] | ]
electrophoresis Technology NIJ

« WHAT ABOUT MASS?
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Identification and Strain Typing of Bacterial
and Viral Pathogens using High Performance
Mass Spectrometry: The Ibis™ Concept

&> Homeland
&=/ Security

Technology N I.I
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The Ibis™ Approach to Pathogen ID and
Strain-Typing

21192 ldentify genomic regions for S1iZd  Amplify nucleic acids to
identification: 2 measure:
Variable DNA sequences flanked by Use broad-range, unbiased PCR
primers

conserved sequences

PCR

Conserved DNA Variable DNA Conserved DNA \‘/

Base-composition fingerprints

Hi9d Measure nucleic acid:
%}| ESI-TOF

Identify the organisms:

Electron
Multiplier

Capillary * lon ’ /
Store
n

—

Ts: 61 @ ¢ ‘
Reflectron
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Broad Range Priming in Bacteria

L
Primer pair
E. col
Cox. burnetii
Leg. pneumophila
Ricket. prowazeii
Mych. tuberculosis
Trep. palidum
Bacillus anthracis
Staph. aureus
Staph. epidermidis
Strep. agalactiae
Strep. mutans
Strep. pneumoniag
Strep. pyogenes

Primers bind to conserved

regions present in ALL
(or groups of) bacteria

G
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GCCTGGCGAGTACGGCC

GGATTAGATACCCTGGTAGICC

ACGCCGTAAACGATGT CGACTTGGAGGT TGTGCC-CTTGA-GGCGTGGCTTCCRGAGCTAACGCGTTAAGTCGAC
ACGCCGTCAACGATGAGAACTAGCTGT TGGGAAG=-TTCA-CTTCTTAGTAGCGAAGCTAACGCGT TAAGTTCTC
ACGCTGTAAACGATGT CAACTAGCTGTTGGTTAT-ATGARAATAATTAGTGGCGCAGCAAACGCGATAAGTTGAC
ACGCCGTAAACGATGAGTGCTAGATATCGGAGG-~ATTCT--CTTTCGGITTCGCAGCTAACGCATTAAGCACTC
ACGCCGTAAACGGTGGRTACTAGGTGIGEGT TTCCTTCCTTGGRATCCGTGCCRTAGCTAACGCATTAAGTACCC
ACACAGTAAACGATGTACACTAGGTGITGGGGC-=~ATGA=-GICTCGGCGCCRACGCGAACGCATTAAGTGTAC
ACGCCGTAAACGATGAGTGCTAAGTGTTAGAGGG-TTTCCGCCCTTTAGTGCTGAAGT TAACGCATTAAGCACTC
ACGCCGTAAACGATGAGTGCTAAGTGTTAGGGRG-TTTCCGCCCCTTAGTGCTGCAGCTAACGCATTAAGCACTC
ACGCCGTAAACGATGAGTGCTAAGTGTTAGGGRG-TTTCCGCCCCTTAGTGCTGCAGCTAACGCATTAAGCACTC
ACGCCGTAAACGATGAGTGCTAGGTGTTAGGCCC-TTTCCOGRGCTTAGTGCCECAGCTAACGCATTAAGCACTC
ACGCCGTAAACGATGAGTGCTAGGTGTTAGGCCC-TTTCCGGGGCTTAGTGCCRGAGCTAACGCARTAAGCACTC
ACGCTGTAAACGATGAGTGCTAGGTGTTAGACCC-TTTCCGGGGTTTAGTGCCRTAGCTAACGCATTAAGCACTC
ACQEEQ?@AACGATGAGTGCTAGGTGTTAGGCCC-TTTCCGGGGCTTAGTGCCGGAGCTAACGCATT@%EEEQTC

——
Region varies in different

3 ] |

=n
=n

- -

kinds of bacteria ==> A [AwaCyTz]
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The Polymerase Chain Reaction (PCR)
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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) Technotogy [INIJ
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Automated ESI-TOF of PCR Amplicons on PLEX-ID™

Si9d Measure nucleic acid:
3 Electrospray lonization (ESI) R
Time-of-flight (TOF) Mass Spectrometry

- i

‘\-3‘3- g -
(M-30H+)30- 1
35-
/ 29-

MW = 32,588.90
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39-
41- 25-
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m/z
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Masses to Base Composition

Penny = 2.500 g
Nickel = 3.950 g Weight = 4.6 grams
Dime = 2.268 g ~_ . 2dimes
Quarter = 5.670 g T wicrosot
Scale
©Micrft
o~ MW = 32,5688.90 amu
%, A=313.0576 amu . A28 G29 C25 T24
""' G = 329.0526 amu
7‘_:;; _(? = 32(?38:66'? amu Requires 25 ppm
1\ = . amu mass measurement error
= i“‘ WVWLMALMLML .
= 800 900 1000 1100 1200 1300 Math takes into account
s Watson-Crick base pairing
Mass spectrum Technology A,\” '/I
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Derived and Expected Base Compositions

Streptococcus

Primer 356 (RpIB) Expected Products
A pneumoniae

— ldentify the organisms:
Streptococcus

s
Base-composition fingerprints Pyogenes
> »
Streptococcus
equi P
Staphylococcus
epidermidis

/ b
° ... Vj
taphylococcus/. € N C

S
aureus

Bacillus

G anthracis
A34 G31 C29 (T27)
{NI.I

Streptococcus
gordonii

Technology JA L
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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?”

NIJ

Technology ’
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Group A Streptococcus (GAS)

Outbreaks in Military Settings

« Outbreaks of group A strep at MCRC 2002/2003
— Highly virulent strain
— One death, 160 hospitalized
— Training activities suspended

 Initial analysis of post-culture
samples

— 80 samples sent from NHRC, Dr. Kevin Russell, December 20, 2002
— “Hijacked” some BW air surveillance plates

e Follow up surveillance at multiple military bases
« Direct analysis of throat swabs without culture

Technology AL\t!,!;/I
Ecker et al. Proc. Nat. Acad. Sci. USA, (2005) 102(22), 8012-17 U et e e
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Primer 17 (a 23S Primer)

Observed Products (from Culture)

P Strep A i
S N Gorqonn
| . Strep—, |\
‘ 3 | <
~mutans
Strep: | ‘\S
| trep
pyogenes ‘
NHRC \/.. | 23 pneumonia
Test | taph epidermidis
Samples , |
Ples 5
x . | Staph
G . / ‘; e aureus
Bacillus — ~.J_ |
anthracis ] T

All primers of all samples consistent with S. pyogenes
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Biosciences

Direct Analysis of Throat Swab*

Technology AM!S/I
*Repeat swab positive on culture for Streptococcus pyogenes Transition Workshop [ 5c
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Primer 349: 23S rDNA 1826-1924

From an Interesting Throat Swab

Data vs. Individual Models: /home/simbad/data/lbis/TAR0061/P6517/42
T T T

1/P6517/42
T

\ﬁ# H influenzae :
[A28 G28 C25 T20] i

2000 -

Amplitude: #charges

1500 —

tcharges

sseria meningitidis
25 G27 C22 T18] |

1 ! ! I 1
990 995 1000 1005 1010

Technology N I-I
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Multi-Primer Triangulation

Primer 347: 16S rDNA Primer 356: rpiB

'H influenzae |l i
A23 937 926 T27]

Nei€seria meningitjelis |
[A27 G34 C27 T2f] |

Amplitude: #charges
@ 3
3 3
3 3
T T
L L

o
S
S
T
I

n
S
S

[N
1~
S

-200 I 1
1
1035 1000 1005 1010 1015 1020 1025 1030

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
Technology ANI./I
. . ationa
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Haemophilus influenzae, Neisseria meningitidis, Streptococcus
pyogenes (Ratio 4/2/1, 1.5 X 10° genomes/swab)

| Primer #1  Mass Base Count
— Blue 18234.970 A1ZG17C17T13

=1 1 1 | Blue 17948.926 A.GCTis
Blue 18610.017 A;;GCreT e
Blue 17936.912 A;;G,:CsT1s

Blue

1
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W Hanccbacter cimec 1 ARG 7TV Ercora movenss
W Harccbacter Amrmetios 1 ARSI TV Sncovazas
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Image courtesy of Christian Massire, Ph.D.
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Conclusions of Pneumonia Study*

e Primary pathogen:

— Streptococcus pyogenes (GAS)
— Known virulent strain

« Secondary pathogens:
— Haemophilus influenzae
— Neisseria meningitidis
« Five other military facilities

— Determined these sites had a
mixture of strain types

e Throughput

— >200/samples per day
Technology AM!;/’
*Ecker et al. (2005) Proc. Natl. Acad. Sci. Vol. 102: p8012-8017 Transition Workshop [/t
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Virus Identification and Typing

Technology NI.I
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Viral Coverage

RNA viruses

Arenaviridae Bunyaviridae
New world arenaviruses

Y Flexal virus

& T Guanarito virus

@ T Junin virus

& T Machupo virus

G

Nairovirus
& = Camean-Congo hemorhagic fever virus

Hantavirus
® Andes virus

& Lymphocytic choriomeningitis virus ® California encephalitis virus

. ® La Crosse virus

/_,; N Sin nombre vinus & akabane s
\ \
= \

Phlebovirus
& T Rift valiey <=
fever virus

D, »
) W

'Orthomyxoviridae

¥ & influenza C virus

Paramyxoviridae
Morbillivirus

T Measles virus
® Rinderest virus

Rubulavirus ¥ & influenza B virus
® Menangle virus

Avulavirus

% Nipah virus

Filoviridae syncytial virus

Orthohepadnavirus
Y Hepatitis B virus

Reoviridae Rotavirus
Orbivirus 1 ¥ 8\ Rotavius A, B, C

@ African Horse Sickness Virus
@ Bluetongue Virus

Hepadnaviridae

Coltivirus
25 ¥ Colorado Tick Fever Virus
Banna Virus

Image courtesy of Christian Massire, Ph.D.
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Togaviridae

Alphavirus
@ =% Eastern equine encephalitis virus
Venezuelan equine encephalits virus
4 & Western equine encephalomyelitis virus

Y Sabia virus
® Bayou virus Py
QI aronaviruses | ®Hantaanviis  Orthobunyavirus Potyviridae ) Y B19 virus
& ¥ Lassa vinis Potyvirus | - Hepacivirus
Flavivirus Y Hepatitis C virus

@ Pium pox virus

* Peste-des-petits- ' Avian influenza virus . "B .
Suminants s N~ ® Newcaste ¥ & influenza A virss &, 8 e Mastadenovirus
e panvirs drse’aie P Coronavirus Hepatovirus Human adenoviruses A-F
e Ho  He its:
%% Hendra virus Coronaviridae e A Adenoviridag

| ssRNA (+ ® Swine vesicular disease virus
B rovirus J ssRNA (-) (+) _~ o
W Lake Victoria marburgvirus [ { Caliciviridae B thovins
Ebolavirus o Vesiculovirus i * F disease virus
R vory Coest etolevinis # Vesicular @ Norwalk virus Picornaviridae
¥ Reston ebolavirus i stomatitis virus 1
@ = Suoan boravinus Wl - S=avirus Poxviridae
Zaire ebolavirus Pneumovirus
v Humen resciS(EE Rhabdoviridae

; Orthopoxvirus

Parvoviridae

Dependovirus
% Adeno-associated virus 1-12, 2H, 3B

Parvovirus

Flaviviridae Y Rheumatoid arthritis virus

Pestivirus
® Classical swine fever virus

Erythrovirus

® Dengue virus 1-4
# Japanese encephalitis virus
T Kumlinge virus
T Kyasanur forest disease virus
T Omsk hemorrhagic fever virus
T Russian spring-summer encephalitis viris
& T Tick-borne encephailtis virus
T Tick-borne encephalitis virus (strain SOFJIN)
@ west Nile virus
W vellow fever virus

[

DNA Viruses

dsDNA

Enterovirus

Camelpox virus
& 9 Monkeypox virus
& ® D Variola virus

Lentivirus
Y Human immunodeficiency virus 1
¥ Human immunodeficiency virus 2

Retroviridae

Asfarviridae

Capripoxvirus

® Sheeppox virus

® Lumpy skin disease virus
Goatpox virus

Asfivirus
® African swine fever virus

Herpesviridae

Papillomaviridae

Papillomavirus
¥ Human papillomavirus

Simplexvirus

Cercopithecine herpesvirus 1
Y Human herpesvirus 1
Y Human herpesvirus 2

fo g

Rhadinovirus
# Alcelaphine herpesvirus 1
1 Human herpesvirus 8

Roseolovirus
1 ¥ Human herpesvirus 6
Y Human herpesvirus 7

Cytomegalovirus

J -
Lymphocryptovirus
Hi h scmv) J o
Rl esvinis s (CUY) /0 v o e Polyomaviridae
Varicellovirus :
& Y Human herpesvirus 3 (chicken pox) . Polyomavirus
Y BK polyomavirus

JC virus
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o _ g _{ Togaviridae

£ T /

‘ e Bunyaviridae ;
| Arenaviridae y ) N paavirus ol —
| [ || [ "' astern equine encephalitis virus 5 \
~ New world arenaviruses Nairovirus /| & & ® Venezuelan equine encephalitis virus Y 4 s il |
< Flexal virus |\ @2 Crimean-Congo hemorrhagic fever virus [ | 4 @ Western equine encephalomyelitis virus ~ / Flaviviridae
O © Guanarito virus i\ | \
W < Junin virus Hantavirus N Te— — & _ Pestivirus
L) 3 Machupo virus & Andes virus \ g - / ® Classical swine fever virus
% Sabia virus @ Bayou virus S POtYViridae
. ® Hantaan virus i A | |
_Old wori Id arenaviruses @ Sin nombre virus _ Orthobunyavirus " _ Potyvirus V Hepacivirus /
O P Lassa virus. ; . ® Akabane virus ‘ © Plum pox virus Flavivirus Y Hepatitis C virus
(] Lymphocytic choriomeningitis virus .~ E &ﬂ California encephalitis wrus '\ ® Dengue virus 1-4
N b @ La Crosse vius | \ @@ g o
Phlebovirus pibibend \ @ Japanese encephalitis virus
_ ®®DRift vall "o | @ Kumlinge virus |
N gavaicy | & 9 Kyasanur forest disease virus (

N fever virus

\ X % Omsk hemorrhagic fever virus {
) ~ P <
\ ParamyXOVIrldae AN b OrthomyXOVI"dae % Russian spring-summer encephalitis virus
\ — \ \ Y © Influenza C virus W © Tick-borne encephalitis virus
Morbillivirus : < Tick-borne encephalitis virus (strain SOFJIN)
¥ Measles virus ~ Rubulavirus \\ — ¥ ® influenza B virus & West Nile virus
® Rinderpest virus ¥ Menangle virus

© Yellow fever virus

-ruminants virus ® Newcastle . ¥ © Influenza A virus ¥ SARS

® Peste-des-petits- \/ Avulavirus / ® Avian influenza virus

. . — disease / " Coronavirus | = Hepatovirus
___ Henipahvirus =" virus N/ \ @ He;f:titisA virus
e virus Coronavmdae ——
® 9 Nipah virus ) Enterovirus “

‘ TN u ® Swine vesicular disease virus
Marburgwrus ssRNA (-) | Y Poliovirus
@ ¥ Lake Victoria marburgvirus Y —— S
= Vesiculovirus
® Vesicular

Lyssavirus Sstomatitis virus

Aphthovirus
® Foot-and-mouth disease virus

Picornaviridae ‘

Ebolavirus
@ Ivory Coast ebolavirus
®© Reston ebolavirus
® % Sudan ebolavirus

; @ Rabies virus | @
| @ Zaire ebolavirus ; Pneumovirus \\ o Virt | \

= Rhabdoviridae

\_ Filoviridae /  omoytalvius | 4 /; <

Y Human immunodeficiency vii8

Orthohepacnavirus Retroviridae

Rotavirus

Orbivirus . 2 =
e o o0 sickness viris Y Rotavirus A, B, C - Y Hepatitis B virus Identlflcatlon and
/ ® Bluetongue virus . \ .. t ina o f
Reoviridae . Hepadnaviridae yping

Influenza virus
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Influenza Virus Surveillance: Project Collaborators

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

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

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

. . = / ‘
:—:(an Lemon, M.D., University of Texas Medical Branch, Galveston, \)\‘ UTMB

* i N
Wendy Sessions, M/SV (ASCP), Texas Department of State Health lh*iAT"D'(AS
Services

State Health Services

Dave Stallknecht and Ginger Goekjian, College of Veterinary @
Medicine, University of Georgia Technology [IV/J
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Ibis™ Influenza Virus Assay

™

V’ ! -,
= Isolated RNA
&5

Pan Influenza Primer

\ PCR

Desalting Mass Spectrometer
oo (=
2SI 1 i ==
SSsssssssss s e o T
Influenza A Primers — SO OD ES| needle
_— ISl leteleletelstele]
NS1 Sleltelelelte le e te te)
NS2 / Slslsteletetetetetel

—\= ¢
% Capillary * SI:‘:;:e v‘\ /
v/
==
Influenza B Primers { Reflectron
PB1 Nuc M1 NS1 NS2
L AIJ ‘ l Al

wld ;LI_LI.. l l“. L I IL“L l
T Y- W A39 G32C23 T34 A32 G23 C20 T26 A24 G30 C23 T28 |A [ [ |
0= N -0 A37 G31C20 134 | I | | | | |
TN G A39 G32 C23 T34 || A32 G23 C20 T26  A24 G30 C23 T28 5 | A35 G27 C17 T26

! Influenza species, subtype, clade type
determined by comparison with database
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Pan Influenza Primer Polymerase PB1 Primer

Human

and Swine

HINI,
H2N2,
H3N2

Canine,
Equine
H3N8

Human,
Avian
H5N1

Other
Avian,
Swine

Influenz
B and C

a

r

—R P A e

A:Lan |HSNL|L{ gil 313395 A TG T GAGTAC AT T T TACEAGTATCAATCCT GALTCTT GG ALLL CACGTACLCCALAACCACATACTGET
Avian |HONL|L{gi|313335: AT AT A T T T TACEAGTATC AL T T CALTCTT GG AL LA CACCTACLCCALAACCACATACTCET

Influenza
Influenza
Influenza
Influenza
Influenza
Influsnza
Influenza
Influenza

Srrine |HIND (o | 20068032 BA- - oo vmoniiiiii s TAACATGCTGAGCACAGTCCTAGGAGTCTCRATCTIGAAT CTTGGECARARGAGATACACTALRACCACATACTGGT
Strine |HINZ | (gi| 3815472 |[FA.

Swine [HSNL| (gi|S181215"

Lo R I = e B e e B B R e e

a1 e T L e e T T L [
-'j'] 1300 1310 1320 1330 1340 1350 1360 1370 1380 1330 1400 1410 14z0

2798 [VIRZ798 | FLU_ALL_Pl| TGTCCTGRAATGATGATGRGCATGTT GEGATGGACTCCALTCCTCTGATGR

REFELENCE [ ISIS IR GA-Co CAATATGTTAAGCACTGTATTAGGCGTCTCCATCCT GALTCT T GACALALGAGATACACCAAGACTACTTACTGGT

{Human [HINL | {gi | 324659 1 R S CEATATGTTARGTACTGTAT TAGGLGTCTCCATOCTRAATCT TRGACALARGAGACACACCALGECTACTTACTGGT

Himan [HINL| fod 324897 [1[FA-Con oo CAATATGTTAAGCACTGTATTAGGCGTCTCCATCCT GAATCTT GOACARARGAGATACACCAAGRCTACTTACTGGT

|Human [HINL | (od [ 3144213 FE-Cooo e CEATATGTTARGLACTGTATTGRGLGTCTCCATCCTGAATCT TRGACALARGAGATACACCALGECTACTTACTGRT

|Human [HINL | fod | LEL40EE:GE. .o o CRATATGTTARGCACTGTCTTFEGOGTCTCCATCCTRALTCT TRGACARARGAGATACACCALGACTACTTACTGET

Bmitie [HILed | 324985 [T RA-Coo oo e TAACATGTTAAGEACTETGTIGCETET T TECATTCTTAATCTIGGACAGAAGGARTACACCALGACTGCTTATTERT. . .

TG T AT T T TACEAG T CTCCATACT GALTCTT CoACLA LA CAAATACACCALGACAACATACTCET
TGO AAGTACGET T T TAGGAGT CTCCATACT GALTCTT CoGCALLACALATACACCALGACAACATACTGET
A AT AT A AT CT TACEAGT CTCAATCCT GALTCTT CLACALRLCALGTACACCALAACAACATACTGET. | . |
AT T AT AT CT TACEAGT CTCAATCCT CALTCTCCEGCALLACALATACACCARAACHACATACTGET. .. .
CAACATGCTAAGTACAGTCT TAGGAGT CTCALTCCT GALTCTT GLACLALAGAAGTACACCARAACAACATACTGGT | . |
A TG AT A AT CTTGEEAGT CTC AT CCT GALCCTT GG AL CALCTACACCALAACAACATACTGCT

[Fumen |HaNZ | (@i 277884868 CRACATGCTAAGTACEGTTTTAGGAGTCTCALTCCTEAATCT TOEGCAARAGAGATACACC AR RACARCATACTEGT
Human |HZNZ | (gl | 3778848, (GA. .. ooiiiiiiin Tre CARCATGCTAAGTACGGTTTTAGRAGTCTCAGT COTGAAT CTTGGECARARGAGATACACCAARACARCATACTGGT
Human |H3NZ | g |3778545: 54 oo CARCATGCTAAGTACGGTTTTAGGAGTCTCAATCCTGAATCTTGGECARARGAGATACACCALRACARCATACTGET
Strine |HENZ | Influenza A FA- . ool TAACATGLTGAGTACAGTCT TAGGAGTC TCART CTTGAATCTT GOACLAARGAGETACACCAGGACCACATACTGGT. .

Syine |H3NZ| (gi| 5207815 BA. O CARCATECTAAGTACGGTTTTGGGAGTCTCOAT TCTARAT CTAGGECARARGAGETATACCALRACARCATACTGGT. |
Eeprine [H3NE | Infiuenza LG4, ... ... T B CARCATBTTGAGCACTGTGOTGGGTGTATCOATATTARACCTGEGECAGAGGALATACACARAGACCACATACTGRT. .
Eeuine |H3NE | Influenza B4 - - - Lot e CAACATGTTGAGCACTGTGCTAGRTGTATCCATATTARACCTGEGCCAGAGEALLTACACARAGACCACATACTGRT
Camine |HINE | {gi| 710842 G4, ... .. G usmisegomsess A CARCATETTGAGCACTGTGOTGGGTGTATCOATATTARACC T GEGECAGAGGALATACACARAGACCACATACTGRT
Canine |HING| (gl| 710842 B4 - ... (B A Ui CRACATGTTGAGCACTGTGCT BRI GTATC CATATTARACCTGREC CAGAGRALLTACACALAGRCCACATACTGET
Syine |HaNe | Influenza A BA ..ol CARCATGCTAAGTACAGTTTTAGGAGT T TCAAT COTARAT CTGEGACARARGAGATACACCAARACARCETATTGRT. .. .
{Hian [HENL | (ot (1392638 54 . 4. 6o TAACATECTAAGTACGGTCTTAGGAGTCTCAAT CTTARAT CTTGGECAGARGAGETACACCALRACCACATATTGRT. ..
|Humen|HENL fod fR307772 CL- -4 .G TEACATGCTARGTACGGTCT TAGGAGTCTCARTCTTAAATCT TGGECAGAAGAGRTACACCALARCCACATACTGRT
rdan [HENL | {od | Z884968 G- . . ... CARTATECTGAGTACAGTCTTAGGAGT T TCAAT COTGAAT CTTGGECAGARGAAGTACACCALRACCACATACTGRT. .. .
Brrian [HENL| (i 2884968 GA.Coo oo CARCATECTGAGTACAGTCOTAGGAGTCTCAAT COTGAAT CTTEGACAGARARGETACACCAAAACCACATATTGRT. ...

A CATGCT GAGTACAGT CT TAGGAGT CTCALTCCTGALTCT T GoGCALLACAGGTATACCAGLACCACGTACTGET
A TGO T CAGT AL AT CCTACEAGT CTCAATCCT GALTCT T CRACAGLAAACCTACACCALALCCACATATTGET. .. |
i AT e T TR CCAC T CTACTACETCTATCOATAT TAAACCTAGGT CALLCEAAATACACAARCACCACATACTGET. ||

0 f | CAACATGCT GAGTACAGTAT TAGGAGT T TCAATCCT GALTCT T GEACLALACAGGTACLCCARAACTACATACTGET

CAACATGCT GAGTACAGT CTTAGEAGT T TCAATCCT GAATCTT GLGLA D A RARRTACL PN AL 2 8 PFA N e TaMTRET
A TATCTTAAGTACT CTATTACECCTCTCOATCCT GALTCTTCEACLY

aenertuenactenarnicecerermneerserreeen. © NUCleoOtide deletion T

virus {gi| TAATATGCTATCTACCETGT TREEACTAGCCGCACTA BOTATCun o s nissssimisisisns o s« - T |
virus (giiC- TAATATGCTATCTACCETET TRERAGTAGICGCACTL BGT

virus_(gi|i|3- TAATATGCTATCTACCETGT TRERAGTAGICGCACTL ATCAALLACATTGRAAACAMAGAATACTTAT. ... ... ... Brocrngs s 7
virus (gii[3- TAATATGCTATCTACCETGT TRERAGTAGICGCACTA GGTATCARARACATTGGARACARAGAATACTTIAT. ... .. ... Bt T T
wirus (g3 TAATATGCTATCTACCGTGTTRREAGTAGCAGCACTA GOTATCARARACATTGGARACARGEARTACTTIAT. .. ... .. By R T
virus_ (gii5- TAATATGCTATCTACCGTGT TRERAGTAGCAGCACTA GBTATTARARACATTGGARACAAGGARTACTTIAT. .. ... ... e e T
viras {gi|ACC.GEE. ..., o A Lo CARCATGCTGTCAACAGTTCTTGRAGTARGTACATTATGT TATATGOAT GARGAACT AAAAGCCARAGEATGTTTIT. AC. ... ... ... e c
virus_(gi| ACC.GGA.. ... BB s CAACATGCTGTCAACARTTCTTGRAGTALGTACATTATGTTATATGOAT CAAGAACTARAAGE CARAGGATOTTTTT. (AC. ... .. . T C
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Pan Influenza Primer Polymerase PB1 Primer
PP2798 - Base Composition

.
"
" n-n-
# influenza A Viruses

e g8/
.n"'

Influenza B Viruses
@

influenza C Viruses Length
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Influenza Virus Assay Results Example

e O 6 TGRPROC.isisph.com

T 50000

37 (OBEOREOREO}

s T g el | Conclusion _

SISO Samples 1 & 3: Influenza A virus
©17(8000© (H3N2: A/New York/../2003)
E z 2 (OBEOREOREO}

Influenza B virus -ve control Samples 2 & 4: Influenza B virus
Score Cutoff: |0.821 MNew Plate

|
1 4 1
W) il (o (i) (s (Hs (S (mkrd (mHE (iEl il

Well 15, Sample 3 Organism Sample Basecount Peakl Peakl Peakl Peak2 Pe
Primer VIR1266 Score Mass Abundance Fit Error Mass Abun
FLUANUC_J02147_118_218 . . i . N
- = ini Influenza A virus| AfNEW YORK/14/2003(H3N2) 0.96539 A26G20C23T32 gig:j 222%0 E.g :izi:; ::Zg.g
o Influenza A virus| AfNEW YORK{15/2003(H3N2) 0.96539 AZ6G20C23T32 2:22::? 222%‘0 E:g g:ii:; g::g:g
= Influenza A virus| AfNEW YORK/16/2003(H3N2) 0.96539 A26G20C23T32 2:2:;:? 222%0 E:g ::ggz; :::g:g
.._; 2563 Influenza A virus| A/NEW YORK{21/2003(H3N2) 0.96539 A26G20C23T32 g:g:}‘? gg:?t'lu g:g 3:22:; ::g:g
':;‘ 263 Influenza A virus| AJNEW YORK{22{2003(H3N2) 0.96539 A26G20C23T32 2:2::? 222%‘0 E:g g:ggg; Z::g:g
15€3 Influenza A& virus| A/NEW YORK/24)2003(H3N2) 0.96539 A26G20C23T32 2122;:? 222,0.3'0 E:g gizi:; :::g:g
=3 Influenza & virus| AfNEW YORK/25/2003(H3N2) 0.96539 A26G20C23T32 3122::? ggz%o g:g ::§§§; gzzg:g
SE2 . . N . .
T e Influenza A virus| AfNEW YORK/26/2003(H3N2) 0.96539 AZ6G20C23T32 2122;.? :g:tunn E.g ::gz:; ::Zg.g
piass Influenza A virus| AfNEW YORK/268/2003(H3N2) 0.96539 AZ6G20C23T32 3:22::? 322%‘0 E:g g:gg:: g::g:g
R I CZE & | & [ e |;];] TrFliiansa A& wivoel A IRIEW YADVI27I20020H202Y N oAE=20 ADACINCIAT2AD 31051.6 3030.0 0.0 P1225.7 3440.0

Technology N I.I

National

Transition Workshop [/nstitute

STR & Mitochondrial DNA Analysis by Mass Spec for Managers High-Throughput Analysis of Amplified Nucleic Acids with Mass Spec: The Ibis™ Platform 31



Human Influenza — Blinded Samples

T8

Wl

(
"'.,_‘

STR & Mitochondrial DNA Analysis by Mass Spec for Managers

High-Throughput Analysis of Amplified Nucleic Acids with Mass Spec: The Ibis™ Platform 32

Transition Workshop

. Collection No. of
Source Location Dates Sample type Samples
I MCRD, San Diego Ft.
SN Naval Health |Leonard Wood, Ft. Sill| oo | ThrOatswabs,)
i Research Center Ft. Benning, Lackland ) asa avs,
s AFB nasal washes
Johns Hopkins Nasal
University Medical Baltimore, MD 2003-2005 ) 229
Center aspirates
Nasal
aspirates,
NY Stﬁ:;ﬁspt' of Throughout NY 1999-2005 | BAL. tracheal 100
aspirates,
throat swabs
‘T['\\g TX State Dept. of Tireuslou T 5005.2006 Throat swabs, 10
“"ﬂ]\‘.' Health nasal washes
Total 656
—Correctly identified all
Influenza A types Sensitivity 96.8%
»>149 H3N2 Specificity 97 5%
>34 H1N1 PPV 96.0%
o
—67 Influenza B NPV 98.0%
Technology




Detection of Mixed Infections

T Y Y T Y T Y Y Y Y Y Y Y Y Y T Y Y Y Y T Y Y Y r T

Influenza A virus
‘\“& A40G31C24T33

10000 = -

Pan-Influenza PB1 Primer

6000 - -1

T
1

6000

4000 - |

Influenza B virus Calibrant
A37G31C20T34 A36G28C27T32

N. / A \IJ .'\ 1

1 |
ﬂ A M | Ny t i
0 S M i A Y \‘J \,.N-.pAM\.;/\‘W\M"V CoANM A et N, ~ .u'\_“/ \.-._"' \J \a‘.,"&y - - ,..,n._n-.an

1 ' l 1 1 1 1 l I 1 L 1 ' ' ' l ' 1 1 I l I l 1 1 1 1
375 38 385 39 395 4

¥ m‘
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Validation Study Test Isolates from
Diverse Sources

e 24 human influenza isolates
— 18 influenza A
— 6 influenza B
e 63 avian influenza isolates
— 16 different avian species
« Chicken, duck, goose, egret, teal,....

— 28 distinct H/N types
o 29 HIGHLY PATHOGENIC H5N1 isolates

— 8 worldwide geographic locations
o North America, Africa, Asia

e 4 swine influenza isolates
e 1 equine influenza isolate

STR & Mitochondrial DNA Analysis by Mass Spec for Managers High-Throughput Analysis of Amplified Nucleic Acids with Mass Spec: The Ibis™ Platform 34



Avian Flu Detection: No Change in Assay or Primers

Isolated RNA

Pan Influenza Primer PB1 \ PCR

Desalting Mass Spectrometer
I N B

Sample > ——— | —\—
ESI needle i
Capillary * lon
Store

—

Influenza A Primers

Influenza B Primers { Reflectron

PB1 Nuc M1 PA NS1 NS2

JJ,‘J Ll“ A | Jh_ .;LL.LL._ | ||Ll {1l -

[0 ZW- W A39 G32 C23 T34 A32G23 C20 T26 A24 G30 C23 T28 | A37 G23 C27 T25 _ A35 G27 C17 T26 | |
0= A37 G31 C20 T34 | | | | | | |
(VU A39 G32C23 T34 A32 G23 C20 T26 A24 G30 C23 T28 |A37 G23 C27 125 _ A35 G27 C17 T26 | |

. Influenza species, subtype, clade type
determined by comparison with database
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Avian Influenza Virus Detection:
University of Georgia Samples

e 24 avian influenza virus isolates collected over a
six-year period
— Different host species: mallard, seagull, teal, etc.

— Different combinations of H and N subtypes: H12N4,
H3NS, etc.
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Avian Influenza Virus Detection: University of

Georgia Samples

STR & Mitochondrial DNA Analysis by Mass Spec for Managers

SCWDS ID# Serotype Species Location Date

AIO0-1412 H6N 1 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
Al03-755 HONS5 RUTU Mispillion Harbor,DE 5/20/99
Al04-127 H10N7 RUTU Bower's Beach, DE 5/19/00
Al05-415 H3N8 RUTU Fortescue Beach, NJ 5/21/01
Al05-415 H3N8 RUTU Fortescue Beach, NJ 5/21/01
Al05-669 H11N38 RUTU Reed's Beach, NJ 5/25/01
AlO05-784 H11 N6 RUTU Reed's Beach, NJ 5/25/01
MNQOO-283 H5N2 MALL Thief Lake, MN 9/10/96
MNOO-382 H5N3 MALL Thief Lake, MN 9/10/96
MN98-115 H4N8 MALL Roseau Co., MN 09/ /1998
MN98-115 H4N8 MALL Roseau Co., MN 09/ /1998
MNO8-66 H6NS5 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 MALL 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 H1N3 BWTE Brazoria Co., TX 2/18/98
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Ibis™ T5000 Discrimination of Diverse Avian
Influenza Virus Isolates

*Same panel was used for human Influenza detection

STR & Mitochondrial DNA Analysis by Mass Spec for Managers

High-Throughput Analysis of Amplified Nucleic Acids with Mass Spec: The Ibis™ Platform 38

Serotype  [Species |Location Date 2798 1266 1279 1287 2775 2077
HIN3 BWTE Brazoria Co., TX 2/18/98| A37G33C24T34 | A35G22C22T22 A35G27C28T22 | A40G30C20T29 | A35G27C16T27
HON7 RUTU Reed's Beach, NJ 5/20/99| A37G33C25T33 A34G27C18T26
H3N8 RUTU Fortescue Beach, NJ 521/01| A37G34C23T34 A23G30C24728 | A34G27C28T23 A35G27C16T27
H3Ng RUTU Fortescue Beach, NJ 521/01] A37G34C23T34 | A34G24C20T23 | A23G30C24T28 | A34G27C28T23 A34G27C18T26
H3N2 ABDU Mattamuskeet, NC 12121/00] A37G34C23T34 A21G32C24728 A34G27C18T26
H11N8 RUTU Reed's Beach, NJ 5/25101] A38G33C22T35 | A35G22C22T22 | A22G31C25T27 | A34G27C28T23 | A40G30C20T29 | A35G27C16T27
H11N6 RUTU Reed's Beach, NJ 525/01| A38G33C22T35 | A35G22C22T22 | A23G30C24T28 | A34G27C28T23 | A40G30C20T29 | A35G27C16T27
HIN5 RUTU Mispillion Harbor,DE 520/99] A38G33C23T34 A34G27C18T26
HON7 RUTU Reed's Beach, NJ 5/20/99 A34G27C18T26
H6N5 MALL Roseau Co., MN 09/ /1998 A36G21C22T22 A34G27C28T23 | A40G30C20T29 | A35G27C16T27
H4NG MALL Roseau Co., MN 1 11999 A39G32C23T34 | A35G22C23T21 | A22G31C27T25 | A34G27C28T23 A34G27C18T26
H5N2 MALL Thief Lake, MN 9/10/96| A39G32C23T34 | A36G21C22T22 A35G26C27T24 A34G27C18T26
HBN4 AGWT Brazoria Co., TX 2/11/97| A39G32C23T34 | A36G22C21T22 A34G27C28T23 A34G27C18T26
HIN7 MALL Roseau Co., MN 1 11999] A39G32C23T34 A20G32C27T26 A34G27C18T26
H5N3 MALL Thief Lake, MN 9/10/96] A39G32C24T33 A34G27C28T23 A34G27C18T26
H2N4 RUTU Mispillion Harhor,DE 522/98| 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 522/98| A39G32C24T33 | A36G21C22T22 A34G27C18T26
H4N8 MALL Roseau Co., MN 09/ /1998] A40G31C22T35 A25G28C25T27 | A34G27C28T23 A34G27C18T26
H4N8 MALL Roseau Co., MN 09/ /1998] A40G31C22T35 A25G28C25T27 | A34G27C28T23 A34G27C18T26
H12N4 RUTU Bower's Beach, DE 5/20/96 A35G23C22T21 A37G32C21729

H10N7 RUTU Bower's Beach, DE 5119100 A40G31C24T33 A35G27C27T23 A34G27C18T26
H10N7 MALL JM Futch, NC 12/20/00] A40G31C24T33 | A35G22C21T23 A34G27C18T26
HBN4 CITE Brazoria Co., TX 2/11/97| A40G31C24T33 | A35G22C22T22 A40G30C20T29 | A35G27C16T27
HIN4 BWTE Brazoria Co., TX 2/18/98| A40G31C24T33 | A35G22022T22 A40G30C20T29 | A35G27C16T27
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Analysis of Patient B at the NHRC

« Patient Bis a 9 year old girl from Imperial County, CA

« On March 28, 2009, she had onset of cough and fever of
104.3 °F

« Diagnosed with influenza and specimen sent to NHRC as
part of border surveillance program

« NHRC determined specimen was untypeable and sent to
CDC on April 17, 2009

e« NHRC also ran sample on the Ibis™ Influenza Surveillance
plate*

— April 23
MMWR April 24, 2009 / 58(15); 400-402

http://blogs.sciencemag.org/scienceinsider/2009/04/behind-the-scen.html
* Not cleared or approved by FDA for any clinical _ Technology
application. Not for use in diagnostic procedures. Transition Workshop
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Patient B Result

b m]
. ) 4 5 = Co O A
Fle view Hep | Prome - Redster (gyRunacrlate (< )impot ) analyss
d Res Ana s ed on Barcode 4 0 009, Re ggered
Cloar Al Fields Qc | EsI PCR Registered Kit Type Triggered Analysis | Project Experiment Instrument | Comment
Ay POSO24111 COS009717 4/23/20095:46 PM  T5000 INFLUENZA SURVEILLANCE Yes Survey THNHRC NHRC INFLUENZA  TOF12 NHRC system down
Plate Barcode: *24111
‘When was the sample registered?
O search All Dates
(3 Search this Date Range:
Fromif| 35120 88 I4] d]row1of s » [bi
i | 4f2s/2009 v N
e IM—' Report Type: Details v Options ~ | Save Refresh Reanalyze Advanced ~ l
[] Advanced Search Options Primer Pairs |~
Detection | Organism Strain Host | Serotype | Amplicon | Org Corr | Score =
Flu_ALL_PB1 (VIR2798) | FluA_Nuc (YIR1266) 1279 1287 2775 2777 1261 1275 |
" ; 10 B B B B B B B B
i) You may use * as a wild card
2-0 5 5 S
31 ° A37G34CI9T29  AGICIETE -
2389 1354 -
Influenza A virus A /S MN2; (1 )3 8/SW MO b ) Swine  HINZ 1 1 22 [-2+2+2-2] [1+1+1-1]
3-2 A36 G20 C19 T26 A35 G26 C28 T23 = =
6945 8220
Influenza A& virus  A/NEW YO )5 B/NEW YORK/348/ ) Human  HINI 1 1 246 [-2 +2 +2-2] [0o000]
3-3 = A24G28 C24T29  A35 G26 C28 T23 -
6273 8220
Influenza & virus A /MALLARD DUCK/ALB/1SS/1990(HENZ); A/MALLARD DUCK/Z Avian  HEN3 1 1 26 [-1+1+1-1] [0oo0]
3-4 A40 G31C23 T34 = A35 G26 C28 T23 =
3043 8220
Influenza & virus  A/MALLARD/ALBERTA/156/2001(HINE) Avian  HING 1 1 246 [oooo] [-1+1+1-1]

Not cleared or approved by FDA for any clinical
application. Not for use in diagnostic procedures.
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2009 HIN1 New “Swine Flu” Signature

Before the new strain was added to the database, it appeared as a hybrid
of several strains from different hosts — human, avian, and swine

Segment BC Closest match
PB1 40 31 23 34 |Influenza A Virus (A/New York/473/2003(H3N2)
dA/SWINE/NEBRASKA/1/92(H1N1);A/SWINE/WISCONSIN/46
NP 36 20 19 26 |4/98(H1N1);A/SWINE/WISCONSIN/235/97(H1N1);A/SWINE/
WISCONSIN/457/98(H1N1) - one SNP
M 24 28 24 29 { A/SWINE/SPAIN/51915/2003(H1N1)
/KOREA/S10/03(H3N2); A/DUCK/KOREA/S7/03(H3N2
);ATDUCK/KOREA/S9/03(H3N2); A/DOVE/KOREA/S11/03(H3
PA 35 26 28 23 |N2);A/CHICKEN/KOREA/S6/03(H3N2)
A/MALLARD/ALBERTA/232/94(H6N8); A/MALLARD/ALBERTA/
76/94(H6NS)
NS1 37 34 19 29(] A/SW/MN/22860-
NS2 34 29 16 26 |S/01(H1N2);A/SW/NC/45319/99(H1N2);A/SW/MN/22860-
Human Avian Swine

Not cleared or approved by FDA for any clinical
application. Not for use in diagnostic procedures.
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2009 HI1IN1 - Signature Added to
Database

i V;"_‘IbisTrack
File  View Help l‘ Home Register § ’o Run QC Plate y J Import 7 Analysis
QC l ESI PCR Registered Kit Type Experiment Project Triggered Analysis l -
@ PUSUZI90F  CUUDIZESE FJ29 2009 61 19 P TS0 TNFLUENZA SURVEILLANCE HT 0T 20090428 SANMPLE SET SWINE-FLU-2009 Tes SUFvEy =
f of
J4] 4]row 16 of 16 » ol
Report Type: Details v Options ~ | Save Refresh Reanalyze Advanced
Primer Pairs -
s Organim ‘ boib Susiyne scorel Flu_ALL_PB1 (YIR2798) ‘ FluA_Nuc (YIR1266) 1279 ‘ 1287 2775 2777 1261 l 1275 ']
1 @ Ad0 G31 C23 T34 A35 G21 C20 T25 A24 G28 C24 T29 A35 G26 C27 T24 A36 G35 C20 T28 434 G29 C16 T26 = = -
49208 19955 16670 27810 16365 10150
Influenza & virus  A/Californiaf04/2009-P4 SNP HiN1 66 [-1+1 +1-1] [oo00] [o000] [oo00] [0000] [oo00]
2 @ Ad0 G31 C23 T34 A35 G21 C20 T25 A24G28 C24 T29 A36 G25 C27 T24 A36 G35 C20 T28 434 G29 C16 T26 = =
43506 18927 25412 20808 18565 11477
Influenza & virus A fCaliforniaf04/2009 . 313 [-1+1+1-1] [0000] [0o000] [oo00] [0000] [oo00]
3 @ Ad0 G31 C23 T34 A35 G21 C20 T25 A24 G28 C24T29 A36 G25 C27 T24 A36 G35 C20 T28 434 G29 C16 T26 = =
E 720 1324 647 840 390 115
% Influenza & virus A /Californiaf04/2009 HiN1 313 [-1+1+1-1] [0o000] [0o00] [ooo00] [0o00] [oo00] ﬂ
% Nll row -1 of 92 oo
Find Results-Analysis | 270530 | mB1sResEaRcH | smesp | core
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Not cleared or approved by FDA for any clinical
application. Not for use in diagnostic procedures.
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Conclusions “ ﬂﬁ

Biosciences

« By “weighing” DNA with mass spectrometry,
unambiguous base compositions can be derived
— Remember coins and scale analogy!

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

NIJ

Technology ’
e e
Transition Workshop [/nstitute
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Conclusions IDIS!

Biosciences

« lbis™ platform enables broad range bacterial and
viral detection
— Broad bacterial coverage using broad range primers
« Example: Direct analysis of throat swabs

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

« 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™
s Technology NI./I

approach asks: “Which pathogen(s) are in my samplg: . workshop [15
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System History

TIGER 1.0
2000-2003 2003

-

fx,,s

il o - . 4
W NS PLEX-ID™
© Ibis™ TIGER 2.d H . Tsooo . © Ibis™ 2010 -

2004 -2006 2006 -2009 Technology (/1)
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Ibis™ T5000

Amplicon purification

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

Other functions performed off-line

— DNA/RNA extraction

— Plate set-up into pre-kitted plates
— PCR

High-throughput

— 1 well/minute

— 46 sec. spray

— 14 sec. rinse | I —
Technology

a
Transition Workshop [/nstitute
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PLEXID:

Same magnetic bead
chemistry as T5000
Spin cuvettes (22) aligned in
carousel
Magnetic beads aliquoted
from bead reservoir

— No mag bead plate

— No elution plate

No robotic arms, heat sealers,
LEAPS, etc.

Accommodate “stat” sample
(priority interrupt)

Supports 30 second/well
throughput
Manufactured.under FDA- rechnotogy [INIJ
Compllant dQSlgn/ Transition Workshop t’,l'\’gftj'ﬁ{:fzel
manufacturing control
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Questions?
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Contact Information

Steven A. Hofstadler, Ph.D.
Ibis™ Biosciences, Inc.
(760) 603-2599
shofstad@ibisbio.com

NIJ

Note: All images are courtesy of Dr. Steven A. Hofstadler Technology V.
unless otherwise noted. Transition Workshop | &5iis
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