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Outline Hm

Biosciences

« Mass Spectrometry of DNA - 101

« Technology Overview
— Principle of operation

« Examples:

— Bacteria
e Direct throat swab analysis for pathogen 1D
 Rapid “MLST” strain typing of GAS
e Acinetobacter baumanii
o Staphylococcus aureus

— Viral

 Pan-Influenza detection and strain typing

e |Ibis T5000 System Components



Interrogation of Amplified Nucleic
Acids | i Il” Emi

GAGGGTTGATTGC TGTACTTGC TTGTAAGCATGGG

e« Sequencing
— “Gold Standard”

 Fluorescent intercalating dye

e Hybridization
— Specific probe with FRET B
pair :

— DNA microarray

* Melting profiles e

 Electrophoresis
— Slab gels
— Capillary gel electrophoresis

« WHAT ABOUT MASS? °J¥—’LJL
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Time[s]




Mass Spectrometry of Nucleic Acids’:ﬂ 91 E

Biosciences

Information content

— From precise mass measurements unambiguous base
compositions are derived [A10 G23 C32 T17] =[10 23 32 17]

Speed

— <1 minute/sample

Applicability to mixtures

— Dynamic range is > 100:1

— MS succeeds where sequencing fails (e.g. mixtures)
Automation

— End-to-end process can be automated (including spectral
processing/interpretation)

Sensitivity

— Single copy detection demonstrated with PCR front-end
Breadth

— Need not know what you're looking for to look for it...
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The Intrinsic Mass Label IDIS!

Biosciences

« We usually refer to the “intrinsic mass label” from the
perspective of a elemental composition

— For small molecules an exact mass measurement can be
used to back-calculate a list of elemental compositions
consistent with the measured molecular weight

« The same holds true for DNA with respect to base composition
except there are only four “letters”.

— A =313.0576

— G =329.0526 Single Strand: 32889.450 Da

— C =289.0464 (+ 25 ppm or 0.75 Da): 928 base comps
— T=304.0461 (+ 1 ppm or 0.03 Da): 82 base comps

Single Strand: 33071.462 Da
(+ 25 ppm or 0.75 Da): 948 base comps
(+ 1 ppm or 0.03 Da): 95 base comps

Da: Dalton (atomic mass unit) ppm: part per million



Exact Mass Measurements of Both Strands
Yields Unambiguous Base Composition

ppm # comp pairs

0-25 1
50 13
100 66
250 378
500 1447

AnGC T,

K

A,G,C, T,

QIS

Biosciences

DNA Single Strand | RNA Single Strand | PNA Single Strand | DNA Double Strand T

Error [ppm] 02600

Error [ppm] gEE.DD

[~ Reverse primer composition

Sense MW gEEEEEI.-’-]EDD
Anti-zense MW gEHD?‘I_-’-]EI:II]

-Constraints

[ Forward primer composition

it

e e e NN,

{'\. o P 'E o {'. o
- s :_: 1 - :_:

Result count : I W Monoisotopic [
Dizplay from : ﬂ g Prev Next | Save |

Count A C T Length Maszs E
1 a7 2h a0 2h 107 32899 454k 7 014 P
P 25 30 25 27 107 330714622

Odd numbers: sense strand. Even: complementary anti-sense strand.



Derived and Expected Base Compositionﬁ
01 E

Primer 356 (RpIB) Expected Products

Biosciences
Str&pggggggus A pneumoniae
- 304, 29 /30 31
\ 38
Streptoc§<:8(:us . “ 37
eqU|37 e
Staphylococcus 36
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Streptcacoccus :35//. \ 35
ordonii .
: - 3 34
34 Staphyl
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Identification and Strain Typing of Bacterial
and Viral Pathogens using High
Performance Mass Spectrometry: The
T1GE-R* Concept

&2 Homeland
Security

*Triangulation Identification for Genetic Evaluation of Risk



The Bioweapons Arena: HOl E

Biosciences

 Biological weapons defense is not just about anthrax

e QOver 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



Mainstream Bioagent Detection m
Tod ay l;!o::iencesw

e Culture techniques ey
_ Detects a subset of all @Lm

pathogens

— Can take multiple days
(weeks)

Nucleic acid tests (NAT’Ss)

e Single Agent Nucleic Acid #
Tests

— One test for each agent
(smallpox, anthrax,
plague, etc.)

— Need too many tests

— Fail to detect newly
emergent pathogens



Bacterial Threat Symbols H.' 1 FS

Microbial Rosetta Stone Database

Biosciences
Wb NIAID Category A Priority Pathogen Y Globally Important Human Pathogen
& NIAID Category B Priority Pathogen ¥ 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
A Potential Biological Weapon *\ Principal Foodborne Pathogen

A Validated Biocrime Agent I Emerging Infectious Agent



Bacteria

Chlamydia

¥ Agrobscisrium tumefaciens
| ¥ Baronalls hanssiss

i _ ¥ Campylobacter fatus | ¥ Baronskia guintana
Cytophagales &ﬂ'%;;‘x@mﬁw ik |\ @'Y Campyiobactar jsjuni ! F‘-&@g@ Y Brurcalls abortus
Y Bacsroidss fragilis ; A e T Hslicobadter cinasd | &adh @ ® 7 ¥ Brucsils malitersis
Y Bacteraidss thetaiotaomicron ;z:map o W0 T Y crmmpnhia ety Y Helicobacter fannelize | L AW @ P T Brucetis suis
}'Gmnmﬁmhamms | Parachlamycia acanthamosbas itk | ¥ Halicabacer pyiori &> Candidatus Libaribaciar africanus
: S :

- Epsilon
Spirochetes
| &V Bowslis burgdarfan
Y Bowslia hermai
Y Bowsiia turicatas
- S
£ Y Trepanem palidum

Actinobacteria

Proteobacteria
Y Eienclla comodans
#= ¥ Naizsaria gonorhosas

" Candidstus Liberibacter asialics
T a :
T T Ehrichia chaffeansis
| & Enrichis equi
4 &b & @ P Rokotsio prowazeks % b Orentia tutsugamush
TR DD T Rottsiarictetsi % | @ Rotetsia conw
itk | Ah Y Ricketisis o Y Rickstsis fals

Alpha

o | &4\ T Conynsbactsrium diphihsrias ! & T Y Waisseria meningitidis Beta
= Mycobsclerium tubsroulosis
%} bhcotoirium bovi ¥ Corynahacterium bovis | AY Y Boetslla periussia
T B V¥ Conmebactenum jekeim I ¥ surknoideria capscis Y Sisnotrophomonas maltophita
T wm gonavanss Y Coryrebacisrum sp. | 4@ TT Burkhoidsria pseudomatai ¥ Logionslla longbsachaa A Xanihomonas oryzas pv. oryzas
Y it et | Ratsionia mannoliytes | g g Y Lagionsiis poeumophi ¥ @ xanthomonss oryzae pu. onzicota
iy eviratehin i | Raistonia pichstti | Y Tatiookia micdadi @ Xyteila fasticiosa
ﬁ-:ﬁ“rmmms <> Raistonia solanacesrm
7% | Mycobactsrium spp. Lisromanea tetracdonis
Y Mycobactarium simias ¥ Acinstobacter anitratus !;Pﬂmwmaaamwm 2 § Torodaiain
¥ Mycobacterium szuigsi W it ek | ¥ Acinstobacter bawmanni Pssudomonas aloatiganes _ _
Y Mycobactarium serofinscsom Tﬂﬂ!hﬂmi: 5 | ¥ Acinetobacter calcoscaticrs ¥ Pesudomonas fluorescans T o mem
% | Mycobactsrium wicarans § Clavibsctar michi ; Y Acinatobacter woffi ¥ Pssudomanas putida ¥ Asromanss hydrophila ] :E”D” .:‘“F G
¥ Mycobacterium xenopi Y Propiani T | Acinetobecter radioresistans ¥ Pssudomanas stutzeri 22 foom
itk | T Nocardia astarnides ¥ R T ¥ Y Pssudomanas syringse pv. glycinea 1 &5 T Y Hasmophilus influenzss
M;MMUHW ¥ Tropharyma whipplai ’ﬁ%@vmm ;wﬂ'ﬂﬂ 5
x itk 1 'y @ Y vibrio parshasmoiyticus ¥ Heamophitus paraphrophilus
mﬁgﬂoﬁgﬂena Y #: Mycoplssma mycoides itk | @ V vibrio vuificus Fuotsumis Mtk
¥ Straptobeaits moritformis Y Mycopiasma preumonia Yoi % ]\ &8 @Y Escteriohia of
¥ Erysipsiothrix rhusiopathias i B Y“"‘“‘“_“ i Ll&@@smga Towin
o oyl Mollicutes irmicutes L itk | 'Y absials pmeumonico

W streptococcus bovis Y Sirsplococcus infermediue

] &YV stroptococcus poaumonizs B a || 82 b b ® P Botutioum Toxin
47 L e e Entorococcusteecais  Clostridia 1k | Y Costrcum it
ZE L] '\ T Baoius careus | &Y Y Staphylocoscus awsus Y Clostridium septicam
Y Bacillus subliis e b ‘s #h @ > Enterotoxins 10k % Y b Clostricium tstani
#t e, @ Y Listsnia monocytogenss Y Stapiyiococous coagulass-negative Y Peptococrus miger
Y staphyiococcus intermedivs Y Staphylococcus spidarmis ¥ Peptostraptococeus anserobivs

¥ Staphylococcus saprophyticus Y Staphylococcus hsemalylicus Y cubscterivm sp. Y Veillansila dispar

Y Enterotacter ssroganss ﬁ ! HI‘I'\TS i fia evafevac

Y Kisbsistia oxytocs ﬁ& atsad
LA Y Y samaneila typhi
Migrniwigr ¥ Serate
¥ Proteus : 8% . Y Shigels fexner
Y Frovi "“b“’_ a:' ;&ﬁﬂ‘rmm
Tm”“"_ﬂh oo ; " & GV voruinia enfsrocoliica
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Concept of Operations

Animal Reservoirs Environmental Clinical Water Quality
of Infectious Surveillance of Diagnostics/ Biosurveillance
Agents Public Places Biosurveillance




Part 1.
Sample Preparation and Broad Range PCR H" E!

Biosciences

Microbe Mixture Extract Nucleic Acids

AN 4
7N

Broad Range Primers

Primer Set 1

Primer Set 2
Primer Set 3

PCR Amplification

P 4 % PCR Products .
ol —— —i Calibrant
SN

r \ Internal Calibrant T— [—
# of molecules known e =




Broad Range Priming in Bacteria H', E!

Biosciences

Primer pair

E. coll

Cox. bumeti

Leg. pneumophila
Ricket. prowazeki
Mych. tuberculosis
Trep. pallidum
Bacillus anthracis
Staph. aureus
Staph. epidermiis
Strep. agalactiae
Strep. mutans
Strep. pneumoniae
Strep. pyogenes

Primers bind to conserved
regions present in ALL
(or groups of) bacteria

;

> <

|

GGATTAGATACCCTGGTAGICC

ACGCCGTAAACGATGTCGACTTGGAGGTTGTGCC-CTTGA-GGCGTGECTTCCEGAGCTARCGCGTTAAGTCGAC
ACGCCGTCAACGATGAGAACTAGCTGTTGRGAAG-~TTCA-CTTCTTAGTAGCGAAGCTARCGCGTTAAGTTCTC
ACGCTGTAAACGATGTCAACTAGCTGTTGGTTAT-ATGAAARTAATTAGTGGCGCAGCARRCGCGATAAGTTGAC
ACGCCGTARACGATGAGTGCTAGATATCGGAGG--ATTCT-~CTTTCGGTTTCGCAGCTAACGCATTAAGCACTC
ACGCCGTARACGGTGGGTACTAGGTGTGRETTTCCTTCCTTGREATCOGTGCCGTAGCTAACGCATTAAGTACCC
ACACAGTARACGATGTACACTAGGTGTTGRGGC--~ATGA--GTCTCRGCGCCGACGCGARCGCATTAAGTGTAC
ACGCCGTAAACGATGAGTGCTAAGTGTTAGAGGG-TTTCCGCCCTTTAGTGCTGAAGTTAACGCATTAAGCACTC
ACGCCGTARACGATGAGTGCTAAGTGTTAGGEGG-TTTCCGCCCCTTAGTGCTGCAGCTAACGCATTAAGCACTC
ACGCCGTAAACGATGAGTGCTAAGTGTTAGGGEG-TTTCCRCCCCTTAGTGCTGCAGCTARCGCATTAAGCACTC
ACGCCGTARACGATGAGTGCTAGGTGTTAGGCCC-TTTCCEGRECTTAGTGCCGCAGCTAACGCATTAAGCACTC
ACGCCGTARACGATGAGTGCTAGGTGITAGGCCC-TTTCCAGRECTTAGTGCCGRAGCTAACGCARTAAGCACTC
ACGCTGTARACGATGAGIGCTAGGTGITAGACCC-TTTCCGGGETTTAGTGCCGTAGCTAACGCATTAAGCACTC
ACGCCGTARACGATGAGTGCTAGTGTTAGGCCC-TTTCCGRGGCTTAGTGCGRAGTTAACGCATTAAGCACTC

Region varies in different

CGCCTCGGGAGTACGGCC

| 3 |

=n
=n

- - - - N

kinds of bacteria ==> A [AWGnyTZ]



Part 2:

MS Analysis and Signal Processing

Mass Spectrometer

Sarnple _‘:.{,_ —_— |—I——|)L

ESl needle

— =)

Reflectron

Electron
Multiplier

Signal Processing

Spectral Signal

—>

Masses to Base Compositions

Organism

E. coli

S. milleri

M. leprae
Unknown brucella

Mass
18234.970
17948.926

Base Count
"&'1ZG1TG1TT13
A C.T

14G

14=12 " 18

\3\

RIS

Ringciences

Base Compositions Map
to Microbes




Part 3: IS
Triangulation Using Multiple Primer PaiEg m

ciences

ORGANISM Mass Base Count

Bacillus anthracis 35278.823 A26 G34 C27 T27

Borrelia burgdorferi 33770.606 A29 G31 C23 T26 \
Clostridium botulinum 35843.944 A29 G33 C30T24

Escherichia coli 35641.855 A22 G39 C29 T25 \

Strep pyogenes 35281.808 A23 G37 C30T24

(Group A Strep) \
ORGANISM Mass Base Count /
Bacillus anthracis 35174.799 A25 G32 C30T27

Borrelia burgdorferi 36161.973 A30 G29 C23 T35 y—
Clostridium botulinum 35576.881 A27 G34 C28 1726

Escherichia coli 35870.920 A27 G33 C27 T29 /
Strep pyogenes 35155.781 A24 G31 C29 T30

(Group A Strep)




Bacterial Primers for Surveillance for BW Hm
Agents - Anthrax Confirmation ~ :

: Primer # Gene target Bacterial target Primer

Survey

Drill-Down

N

Biosciences

specificity

346, 347, 348, 361

16S rDNA

349, 360

23S rDNA

ALL

Universally
conserved
ribosomal
genes

354

RNA polymerase,
B’ subunit (rpoC)

Bacteroidetes, Fusobacteria,
Spirochaetes, Proteo, Bacilli

RNA polymerase, .
R B subunit (rpoB) Brateskacienai(eib) Division-wide
Housekeeping
RNA polymerase, ;
363 B’ subunit (rpoC) Proteobacteria (B. v) genes
Elongation factor -
367 EF-Tu (tufB) Proteobacteria (3)
356. 449 Ribosomal protein Clostridia. Fusobacteria
’ L2 (rplB) Bacilli, Proteobacteria (g)
Protein chain R
S initiation factor (infB) e
355 el [t Bacillus cereus clade HAEE= R CE LS
(sspE) genes




Primers 346-349, 360-361
Ribosomal primers with broad coverage

Bacteroidetes

Y Bacteroides fragilis

Y Bacteroides thetaiotaomicron
Y Capnocytophaga canimorsus
| cChryseobacterium meningosepticum

Y Prevotelia sp.
Y Pomphyromonas sp.

Spirochetes
% | &Y Borelia burgdorferi
Y Borrelia hermsii
Y Borrelia turicatae
Y Leptospira interrogans
&Y Y Treponema pallidum

Actinobacteria
HIETAY

1 Corynebacterium serosis

Mycobacterium tuberculosis
#% | ¥ Mycobacterium avium
1 mycobacterium bovis
¥ Mycobacterium kansasii
Y Mycobacterium chelonae

1 Corynebacterium amycolatum
Y Corynebacterium bovis

¥ Corynebacterium jeikeium

Y Corynebacterium sp.

3 Y Agrobacterium tumefaciens
Chlamyd|a e ¥V Bartonella henselae
coc - ; Bartonella quintana
% ¥ &% Chlamydia trachomatis # 1\ & ¥ campylobacter jejuni 1 28 ;'. -
AhaEx | &5 W ¥ Chiamydophila psittaci ¥ Helicobacter cinaedi l P % Y Bcella meiitensis
#x 1 ¥ ¥ chlamydophita pneumoniae Y Helicobacter fennelliae 25 Y Brucella suis
| Parachiamydia acanthamoebae 1% | ¥ Helicobacter pylori Candidatus Liberibacter africanus
V4 Candidatus Liberibacter asiaticus
Epsilon y 4
Y Anaplasma phagocytophilum
&> Cowdria ruminantium
Alpha 7k &% Y Ehiichia chaffeensis
Proteobacteria L &% Enrichia equi
| 1tk A A @ < Rickettsia prowazekii 18k A Orientia tsutsugamushi
1 @ Rickettsia conorii

Y Eikenella corrodens
= Y Neisseria gonorhoeae
I &5 ¥ ¥ Neisseria meningitidis

Y Achromobacter xylosoxidans A
L T Y Bordetella pertussis I’
Y Burkholderia cepacia - Gamma

Primer 367
Beta

Burkholdena malleil =
Y Burkholderia pseudomallei
1 Raistonia mannitolilytica

1
24
| &®

l Y Tatlockia micdadei

75 25 A T Rickettsia ricketsii
%5 1 A& Y Rickettsia typhi

Y Legionella longbeachae

Y Rickettsia felis
Primer 362

] @ &Y Francisella tularensis

Primer 354
Y Stenotrophomonas maltophilia
# Xanthomonas malvacearum

Y Mycobacterium fortuitum

¥ Corpseudodiphtheriticum
1 254\ ¥ Cor. diphtheriae

1 Raistonia picketti

Y Mycobactenium genavense
ﬁ,@. Mycobacterium leprae
7k | Mycobacterium spp.
A i Mycobacterium simiae
T Mycobacterium szulgai
Mycobacterium scrofulaceum
ﬁ ! Mycobacterium ulcerans
Y Mycobacterium xenopi
7% 1 ¥ Nocardia asteroides
Y Nocardia nova

kA ¥ Rhodococcus equi

Y Propionibacterium

Fusobacteria

Y Fusobacterium necrophorum \

Y Streptobacillus moniliformis

Y Streptococcus agalactiae
Y Streptococcus bovis Y Streptococcus f'n!'ermedf)&s\
Y Streptococcus equi ¥ Streptococcus milleri
COC ;.
ﬁ ! ::: ‘\Y T Streptococcus pneumoniae Bacilli
5 &% ' ¥ Streptococcus pyogenes
Y Streptococcus viridans
Primers 350, 351, 363
Bt 8B R W @D Bacilus anthracis
7t L1 ¥ Bacilius cereus

Primer 355 Y Bacillus thuringiensis
% &5 &0 Y Listeria monocytogenes

Primer 352

Y Rothia dentocariosa

Y Tropheryma whipplei

Y Actinomyces israelii

Y Actinomyces naeslundii
# Clavibacter michiganensis

¥ &> Mycoplasma mycoides -—
Y Erysipelothrix rhusiopathiae S
. ¥ Mycoplasma pneumonia = —
* -
\ Mollicutes Firmicutes Y Eubacterium sp.
g AN ¥ Anaerococcus prevotii
Fhex A @ @ S Y Clostridium botulinum
- -~ . 2. b @@ Botulinum Toxi
Y Enterococcus fascalis ™. Clostridia ﬁ 1 ¥ Clostridium difiicile
S . %k 1, A Y Clostridium perfingens
“ ) )
Y Enterococcus flavescens ™~ wbos® <@ Epsilon Toxin
< L .
1% 1 &5 V¥ Staphylococcus aureus - ¥ Clostridium septicum
% &5 Y A Clostridium tetani

T Staphylococcus intermedius
Y Staphylococcus saprophyticus ¥ Staphylococcus haemolyticus

&> Ralstonia solanacearum

Primer 363

1 ¥ Pseudomonas aeruginosa
Y Pseudomonas alcaligenes

Y Acinetobacter anitratus

1 ¥ Acinetobacter baumannii

1 ¥ Acinetobacter calcoaceticus
Y Acinetobacter lwoffii
1 Acinetobacter radioresistans

acnes

Y Pseudomonas putida
Y Pseudomonas stutzeri

&% A Y Legionella pneumophila

254 A @ ® P> Coxiella bumetti

Y Pseudomonas fluorescens

# ¥ Pseudomonas syringae pv. glycinea

we y “\ 7 & ®> Enterotoxins

¥ Staphylococcus coagulase-negative
Y Staphyiococcus epidermis

Y Peptococcus niger
h Peptostreptococcus anaerobius
Y Veillonella dispar

Primers 356, 449

1 2% B4 8D T vibrio cholerae
#x 1 "\ & Y vibrio parahaemolyticus
— 75 1 & Y vibrio vuinificus

l # Xanthomonas oryzae pv. oryzae
b d @Xanrhomonas oryzae pv. oryzicola
<> Xylella fastidiosa
Alteromonas tetraodonis

e N 2 @ Tetrodotoxin

¥ Actinobacillus actinomycetemcomitans
A 4 Haemaophilus aphrophilus
I Haemaphilus aegyptius

&= Haemophilus ducreyi

1 25 ¥ ¥ Haemophilus influenzae
Y Haemophilus parahaemolyticus
Y Haemophilus parainfiuenzae
Y Haemophilus paraphrophilus
Y Pasteurella multocida

Y Aeromonas spp.
Y Aeromonas hydrophila

Y Gitrobacter freundii 6% % |\ &% GP) ¥ Escherichia coll

¥ Edwarsiella tarda 4\ #><> Shiga Toxin
¥ Enterobacter aerogenes & | Y Keebsiella pneumoniae
¥ Enterobactercloacae 1% 1 #% \'Y Salmonella enteriditis
Y Kiebsiella oxytoca Ak Salmonella paratyphi
¥ ¥ Moraxella catarhalis % &8 P Y Y Saimonella typhi
Y Morganelia morganii £t | & & Saimonella typhimurium
Y Plesiomonas shigellcides Y Serratia marcescens
Y Proteus mirabilis % 4 ANY Shigella dysenteriae
¥ Proteus vulgaris 5 8% "\ Y Shigella flexneri
Y Providencia sp. ﬁ:ﬂ_:. .\\‘T Shigelia sonnei
Y Providencia swarti 3%\ A SDF Yersinia enterocolitica
Y salmonella choleraesuis Y Yersinia pseudotuberculosis

Primers 358, 359 15t 28 B @ DT versinia pestis




RIS

Biosciences

Broad Pathogen Detection

Instead of asking; “Is pathogen X in my sample?”, we ask:
“Which pathogen, or pathogens, are in my sample?”



Group A Streptococcus (GAS)
Outbreaks in Military Settings H" E§

N Blosmences

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 « Confirm the causative

— 80 samples sent from NHRC, Dr. agent as Streptococcus
Kevin Russell, December 20, pyogenes
2002 :
surveillance plates epidemiologic tracking
* ldentify a unique
Follow up surveillance at multiple signature of the
military bases outbreak strain
« BONUS:

Direct analysis of throat swabs _
without culture — Determine the outbreak

strain type (Emm-type)
Ecker et al. Proc. Nat. Acad. Sci. USA, (2005) 102(22), 8012-17



Primer 17 (a 23S primer)
Expected Products IDIS

Biosciences

................... A
B m m & Stref
". Gordonii
Strep — \f
': mutans \ — |
Strep‘-: Strep
pyoge‘;lnes @ “"1\pneumonia@
' ] taph epidermidis
: P '
/' Staph
e us
G Bacnllu,s/f

affthracis \



Primer 17 (a 23S primer) TE
Observed Products (from culture) H’ 1-

Biosciences

________

L Strep .
- e e Gordonii
": . Strep —,

X
. S
- mutans
Strep' \ T

pyogenes \ Strep

NHRC “"1\3pneumoniaft
Test ] taph epidérmidis

Samples
; /' Staph
l". N R, us ;
G Bacillus " |
affthracis — T~

All primers of all sa\hiple”s'”&onsistent with S. pyogenes
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Direct Analysis of Throat Swab*

*Repeat swab positive on culture for Streptococcus pyogenes



Primer 349: 23S rDNA 1826-1924 TE
From an Interesting Throat Swab H’ 1-

Biosciences

. > Hinfluenzae teest7iz
\ [A28 G28 C25 T20]

4«
1500 - : K

[
(=2
ey

S. Pyogenes Nefsseria meningitidis
[A27.532 C24-~.
T18]

0 bl . o

|4

| | | | | | |
990 995 1000 1005 1010 1015 1020

Ecker et al. Proc. Nat. Acad. Sci. USA, (2005) 102(22), 8012-17



Multi-primer Triangulation HO!E

Biosciences
Primer 347. 16S rDNA Primer 356: rplB
o ‘Hinfluenzae Tl
[A23 G37 C26 TR7] =l  S|Pyogenes
600 - s
1400 - [A38 631 C29 T23]
N iSS . [ t d | 1200 - ‘ ‘
eiSseria meningitjdis S, pyogefes
P27 G34 C27 T2f] [A24G37 C40 T25]1 5™
3 : g s0of-
%_300 4 } | %_
= : k ’ : 2 sl
200 - wol
. ‘ |
100 ) " 7 200 |
0 il i w- LA i | o [ AL A I LA ‘ o Wk | I‘ Ry ‘J‘ W s TR S
! ! | ! 1., ! 2000 ! I | I I 1
1010 1015 1020 1025 1030 1035 1000 1005 1010 1015 1020 1025 1030
MIZ Mz
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

Ecker et al. Proc. Nat. Acad. Sci. USA, (2005) 102(22), 8012-17



Haemophilus influenzae, Neisseria meningitid
Streptococcus pyogenes (Ratio 4/2/1, 1.5 X 10
enomes/swab

Primer #1

Mass

i Blue
Blue
Blue
Blue

18234.970
17948.926
18610.017
17936.912

10IS

Biosciences

Blue

= Agrabactanumt fumalaoangy
Cytophagales PEXIY PR, Cituce fa inechopiy £ 17, @ T Campyiotmoter josurs Ercaks st
W Bacteroidas fragiks W et o Atk ] 5 W W e paaahia pstiac I Hetcobacter ciEec Brocaka makionsis

1 W T crvampophia pnemenias
| Parschiampcka acanthavosdas:

T Hencotacter femneiiee
g L T recstecton priont
Epsilon

W Bircronaans MRS v o5
W Capnocyiophage cammar:s
A U —————

Splrochetes
7 Ecaraka burpaiaten
oo
T ECrroNa Gata
Eaooni sl
AT 7 Traponame Datam

Actmobacterla

L A W Conmeahactenim ciphthanes
LS T A 'M.ooocﬂorm Iuhavmiiass
5 | W Mycobachenium s I Corprmrtscrenim s

CanchIats Libentacter sfvanus
CancIas Libentacter snmncu

Alpha
Proteobacteria
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Strain Differentiation HO! E

Biosciences

Instead of asking; “Is strain X in my sample?”, we ask:
“Which strain(s) are in my sample.

Genotyping applications

« Microbial forensics

« Epidemiology of disease outbreak
« Nosocomial strain tracking

« Food pathogen monitoring

Advantages

« Same technology platform as for broad identification
e Speed: Time to 1st answer <4 hours

e Throughput - Approximately 200 samples/24 hours

« No Culture Step - Direct environmental or clinical
samples can be analyzed

e Robust to Mixtures



Rapid Strain Typing by Base Composition: Hm
S. pyogenes: our maiden genotyping voyage -

Biosciences

 Developed MS-based Multi Locus Sequence Typing
strategy

 Analyzed housekeeping genes for sites that
differentiate alleles (sequence types) and identify
emm-types using base composition

 Tested 24 primer pairs, selected 6 most informative
pairs

 Processed 80 NHRC samples end to end (blinded)
— 51 from outbreak

— 29 archived samples from various outbreaks



DNA

Isolated

Mass Spectrometer

Sample => —— I M—

ESI| needle
Capillary *

len
Store

I‘:'II ~
| —l—

Reflectron

Electron
Multiplier

Outputs

Isolate 1 | A39 G25 C20 T34 | A38 G27 €23 T33 _ A40 G29 C19 T31 | A32 G35 C17 132

Isolate 2 | a40 G24 C20 T34 | A38 G27 €23 T33 _ A40 G29 C19 T31 | A31 G35 C17 T33

Isolate 3 | A39 G25 C20 T34 [ A38 G27 €23 T33 _ A41 G28 C18 T32

Biosciences

Primers from Selected Target Sites

PCR

Desalting

TARGET SITE 6

TARGET SITE 5

TARGET SITE 1

X
§

TARGET SITE 2

TARGET SITE 3

Bacterial
Genome

00

TARGET SITE 4

Mass Spectra

Primer Set 1

Primer Set 2

Primer Set 3 Primer Set 4

Primer Set 5 Primer Set 6

Sequence type identified by database comparison




Housekeeping Genes used in Strep H-’E
pyogenes MLST Strain Typing 0]

Biosciences

rRNA

IB RNA polymerase B

muts
mismatch
repair protein

rpoC ribosomal protein L3
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‘g: racemase
pi— &2 survey targets
transketolase )
emm-typing
targets

rRNA

gki M0og,
glucose gtr i
kinase glutamine xpt
transporter xanthine phosphoribosyl

protein transferase



Signatures from MCRD San
Diego, December 2002

EMM-type determination Base Compositions
Sample TIGER emm Sequencing-emm murl mutS xpt yqil agki agtr

1 3 3 A39 G25 C20 T34 | A38 G27 C23 T33 | A30 G36 C20 T36 | A40 G29 C19 T31 A32 G35 C17T32 | A39 G28 C16 T32

2 3 3 A39 G25 C20 T34 | A38 G27 C23 T33 | A30 G36 C20 T36 | A40 G29 C19 T31 A32 G35 C17T32 | A39 G28 C16 T32

3 3 3 A39 G25 C20 T34 | A38 G27 C23 T33 | A30 G36 C20 T36 | A40 G29 C19 T31 A32 G35 C17T32 | A39 G28 C16 T32

4 3 3 A39 G25 C20 T34 | A38 G27 C23 T33 | A30 G36 C20 136 | A40 G29 C19 T31 A32 G35 C17T32 | A39 G28 C16 T32

5 3 3 A39 G25 C20 T34 | A38 G27 C23 T33 | A30 G36 C20 T36 | A40 G29 C19 T31 A32 G35 C17 T32 | A39 G28 C16 T32

6 3 3 A39 G25 C20 T34 | A38 G27 C23 T33 | A30 G36 C20 136 | A40 G29 C19 T31 A32 G35 C17 T32 | A39 G28 C16 T32

7 3 3 A39 G25 C20 T34 | A38 G27 C23 T33 | A30 G36 C20 T36 | A40 G29 C19 T31 A32 G35 C17T32 | A39 G28 C16 T32

8 3 3 A39 G25 C20 T34 | A38 G27 C23 T33 | A30 G36 C20 136 | A40 G29 C19 T31 A32 G35 C17T32 | A39 G28 C16 T32

9 3 3 A39 G25 C20 T34 | A38 G27 C23 T33 | A30 G36 C20 T36 | A40 G29 C19 T31 A32 G35 C17T32 | A39 G28 C16 T32

10 6 6 A40 G24 C20 T34 A38 G27 C23 T33 A30 G36 C20 T36 A40 G29 C19 T31 A31 G35 C17 T33 A39 G28 C15 T33

11 3 3 A39 G25 C20 T34 | A38 G27 C23 T33 | A30 G36 C20 T36 | A40 G29 C19 T31 A32 G35 C17T32 | A39 G28 C16 T32

12 3 3 A39 G25 C20 T34 | A38 G27 C23 T33 | A30 G36 C20 136 | A40 G29 C19 T31 A32 G35 C17T32 | A39 G28 C16 T32

13 3 3 A39 G25 C20 T34 | A38 G27 C23 T33 | A30 G36 C20 T36 | A40 G29 C19 T31 A32 G35 C17 T32 | A39 G28 C16 T32

14 3 3 A39 G25 C20 T34 | A38 G27 C23 T33 | A30 G36 C20 136 | A40 G29 C19 T31 A32 G35 C17T32 | A39 G28 C16 T32

15 3 3 A39 G25 C20 T34 | A38 G27 C23 T33 | A30 G36 C20 T36 | A40 G29 C19 T31 A32 G35 C17 T32 | A39 G28 C16 T32

16 3 3 A39 G25 C20 T34 | A38 G27 C23 T33 | A30 G36 C20 T36 | A40 G29 C19 T31 A32 G35 C17T32 | A39 G28 C16 T32

17 3 3 A39 G25 C20 T34 | A38 G27 C23 T33 | A30 G36 C20 136 | A40 G29 C19 T31 A32 G35 C17T32 | A39 G28 C16 T32

18 3 3 A39 G25 C20 T34 | A38 G27 C23 T33 | A30 G36 C20 T36 | A40 G29 C19 T31 A32 G35 C17 T32 | A39 G28 C16 T32

19 6 6 A40 G24 C20 T34 A38 G27 C23 T33 A30 G36 C20 T36 A40 G29 C19 T31 A31 G35 C17 T33 A39 G28 C15 T33

wn 20 3 3 A39 G25 C20 T34 | A38 G27 C23 T33 | A30 G36 C20 T36 | A40 G29 C19 T31 A32 G35 C17 T32 | A39 G28 C16 T32
@ 21 3 3 A39 G25 C20 T34 | A38 G27 C23 T33 | A30 G36 C20 136 | A40 G29 C19 T31 A32 G35 C17 T32 | A39 G28 C16 T32
Q. 22 3 3 A39 G25 C20 T34 | A38 G27 C23 T33 | A30 G36 C20 T36 | A40 G29 C19 T31 A32 G35 C17T32 | A39 G28 C16 T32
E 23 3 3 A39 G25 C20 T34 | A38 G27 C23 T33 | A30 G36 C20 136 | A40 G29 C19 T31 A32 G35 C17T32 | A39 G28 C16 T32
o 24 3 3 A39 G25 C20 T34 | A38 G27 C23 T33 | A30 G36 C20 T36 | A40 G29 C19 T31 A32 G35 C17T32 | A39 G28 C16 T32
wn 25 3 3 A39 G25 C20 T34 | A38 G27 C23 T33 | A30 G36 C20 136 | A40 G29 C19 T31 A32 G35 C17T32 | A39 G28 C16 T32
~ 26 3 3 A39 G25 C20 T34 | A38 G27 C23 T33 | A30 G36 C20 T36 | A40 G29 C19 T31 A32 G35 C17 T32 | A39 G28 C16 T32
[ye} 27 3 3 A39 G25 C20 T34 | A38 G27 C23 T33 | A30 G36 C20 136 | A40 G29 C19 T31 A32 G35 C17T32 | A39 G28 C16 T32
<D} 28 3 3 A39 G25 C20 T34 | A38 G27 C23 T33 | A30 G36 C20 T36 | A40 G29 C19 T31 A32 G35 C17 T32 | A39 G28 C16 T32
E 29 3 3 A39 G25 C20 T34 | A38 G27 C23 T33 | A30 G36 C20 136 | A40 G29 C19 T31 A32 G35 C17T32 | A39 G28 C16 T32
-+ 30 3 3 A39 G25 C20 T34 | A38 G27 C23 T33 | A30 G36 C20 T36 | A40 G29 C19 T31 A32 G35 C17 T32 | A39 G28 C16 T32
= 31 3 3 A39 G25 C20 T34 | A38 G27 C23 T33 | A30 G36 C20 T36 | A40 G29 C19 T31 A32 G35 C17T32 | A39 G28 C16 T32
@ 32 3 3 A39 G25 C20 T34 | A38 G27 C23 T33 | A30 G36 C20 136 | A40 G29 C19 T31 A32 G35 C17T32 | A39 G28 C16 T32
33 3 3 A39 G25 C20 T34 | A38 G27 C23 T33 | A30 G36 C20 T36 | A40 G29 C19 T31 A32 G35 C17 T32 | A39 G28 C16 T32

34 28 28 A39 G25 C20 T34 | A38 G27 C23T33 | A30 G36 C20T36 | A41 G28 C18T32 | A30 G36 C17 T33 | A39 G28 C16 132

35 3 3 A39 G25 C20 T34 | A38 G27 C23 T33 | A30 G36 C20 T36 | A40 G29 C19 T31 A32 G35 C17T32 | A39 G28 C16 T32

36 3 3 A39 G25 C20 T34 | A38 G27 C23 T33 | A30 G36 C20 136 | A40 G29 C19 T31 A32 G35 C17T32 | A39 G28 C16 T32

37 3 3 A39 G25 C20 T34 | A38 G27 C23 T33 | A30 G36 C20 T36 | A40 G29 C19 T31 A32 G35 C17T32 | A39 G28 C16 T32

38 3 3 A39 G25 C20 T34 | A38 G27 C23 T33 | A30 G36 C20 136 | A40 G29 C19 T31 A32 G35 C17T32 | A39 G28 C16 T32

39 3 3 A39 G25 C20 T34 | A38 G27 C23 T33 | A30 G36 C20 T36 | A40 G29 C19 T31 A32 G35 C17T32 | A39 G28 C16 T32

40 3 3 A39 G25 C20 T34 | A38 G27 C23 T33 | A30 G36 C20 136 | A40 G29 C19 T31 A32 G35 C17T32 | A39 G28 C16 T32

41 3 3 A39 G25 C20 T34 | A38 G27 C23 T33 | A30 G36 C20 T36 | A40 G29 C19 T31 A32 G35 C17 T32 | A39 G28 C16 T32

42 3 3 A39 G25 C20 T34 | A38 G27 C23 T33 | A30 G36 C20 136 | A40 G29 C19 T31 A32 G35 C17T32 | A39 G28 C16 T32

43 3 3 A39 G25 C20 T34 | A38 G27 C23 T33 | A30 G36 C20 T36 | A40 G29 C19 T31 A32 G35 C17 T32 | A39 G28 C16 T32

44 3 3 A39 G25 C20 T34 | A38 G27 C23 T33 | A30 G36 C20 T36 | A40 G29 C19 T31 A32 G35 C17T32 | A39 G28 C16 T32

45 3 3 A39 G25 C20 T34 | A38 G27 C23 T33 | A30 G36 C20 T36 | A40 G29 C19 T31 A32 G35 C17T32 | A39 G28 C16 T32

46 3 3 A39 G25 C20 T34 | A38 G27 C23 T33 | A30 G36 C20 T36 | A40 G29 C19 T31 A32 G35 C17T32 | A39 G28 C16 T32

47 3 3 A39 G25 C20 T34 | A38 G27 C23 T33 | A30 G36 C20 136 | A40 G29 C19 T31 A32 G35 C17T32 | A39 G28 C16 T32

48 3 3 A39 G25 C20 T34 | A38 G27 C23 T33 | A30 G36 C20 T36 | A40 G29 C19 T31 A32 G35 C17T32 | A39 G28 C16 T32

49 3 3 A39 G25 C20 T34 | A38 G27 C23 T33 | A30 G36 C20 136 | A40 G29 C19 T31 A32 G35 C17T32 | A39 G28 C16 T32

50 3 3 A39 G25 C20 T34 | A38 G27 C23 T33 | A30 G36 C20 T36 | A40 G29 C19 T31 A32 G35 C17T32 | A39 G28 C16 T32

51 3 3 A39 G25 C20 T34 | A38 G27 C23 T33 | A30 G36 C20 136 | A40 G29 C19 T31 A32 G35 C17T32 | A39 G28 C16 T32




Archive NHRC Samples

Biosciences

EMMtype determination Base Compositions
Sample MLST mass emm-gene MLST
ID spectrometry | sequencing | sequencing murl mutS xpt yail gki gtr
52 3 3 M3 APGCHC0THA| ABBER7C23T33 | ABDG36C20T36 | MOG2OCI9T3L | AR2G35C17T32 | A9 G28 C16 T32
53 3 3 ND ANGCEC0T34| ABBER7C23T33 | AB0G36C20T36 | AMOG2CI9T31L | AR2G35CI7T32 | A39G28Cl16 T32
54 44/61,82,9 44/61 ND AMOGC24C20THA | ABBG6C24T33 | ABDG36C20T36 | M1 G28CI19T131 | ASB0G36CI8T3R2 | A9 G28C15 133
55 11 11 ND APGCHECOTHA| ABBER7C23T33 | ABDG36C20T36 | M1 G28CI9T31 | AB0OG36C20T30 | A9 G28 C16 T32
56 25,75 75 ND APGCH5C0THA| ABBER7C23T383 | ABDG36C20T36 | AMMOGOCI9T3L | ABOG36CI7T33 | A39G28C15T33
57 6 6 ND AMORAC20T34 | ABBER7C23T33 | AB0G36C20T36 | AMMOG20CI9T31L | A1 GEB5CI7T33 | A39G28CI5T33
58 25,75 75 ND APGCHCOTHA| ABBER7C23T33 | ABDG36C20T36 | MOG2OCI9T3L | ABOG36CI7T33 | A9 G28C15T33
59 12 12 ND AMOG4C20T34| ABBG26C24T33 | ABDG36CI9T37 | AMMOG2OCI9T3L | AB1IG3ECI7T33 | A39G28 C15T33
60 25,75 75 ND ANGHE5C0T34| ABBER7/C23T33 | AB0G36C20T36 | AMOG2CI9T31 | ABDG6CI7T33 | A39G&28CI5T33
% 61 6 6 ND AMOGC24C20T3H4A | ABBG&27C23T33 | ABDG36C20T36 | MOG2OCI9T3L | AZLIG3HCI7T33 | A9 G28 C15 133
= 62 3 3 ND APGCHCOTHA| ABBER7C23T33 | ABDG36C20T36 | MOG2OCI9T3L | AR2G35CI7T32 | A9 G28 C16 132
63 6 6 ND AMORAC20T34| ABBER7C23T33 | AB0G36C20T36 | AMMOG2CI9T31L | AB1 G35 CI7T33 | A39G28CI5T33
64 5,58 5 ND AMOGC24C20T3H4A | ABBG27C23T33 | ABDG36C20T36 | AMMOG2OCI9T31 | AS0OG36C20T30 | A9 G28C15T33
65 6 6 ND AMOGAC20T34A | ABBER27C23T33 | ABDG36C20T36 | AMOG2OCI9T3L | AZLIG35CI7T33 | A9 G28 C15T33
g 66 5,58 5 ND AMOG4C20T34| ABBER27C23T33 | ABDG36C20T36 | AMMOG2OCI9T3L | ABOG36C20T30 | A9 G28C15T33
'c 67 3 3 ND ANGEC0T34 | ABBER7C23T33 | AB0G36C20T36 | AMMOG2OCI9T3L | AR2G35CI7T32 | A39G28C16 T32
[&) 63 44/61,82,9 44/61 ND AMOGC4C20THA | ABBG6C24T33 | ABDG36C20T36 | M1 G28CI19T131 | ASB0OG36CI8T3R2 | A9 G288 C15 133
Z 69 5,58 5 V6 AMOG4C20T34| ABBER27C23T33 | ABDG36C20T36 | AMMOG2OCI9T31 | ABOG36C20T30 | A9 G28C15T33
70 3 3 M3 ANGEC0T34| ABBER7C23T33 | AB0G36C20T36 | AMOG2CI9T31 | AR2G35CI7T32 | A39G28Cl16 T32
71 53,91 o1 VB1 APNGCHCOTHA| ABBER7/C23T33 | ABOG6CI9T37 | MOG2OCI9T3L | ARG CI7T32 | A9 G28 C16 T32
72 44/61,82,9 44/61 MA4/61 AMOGAC20T3HA | ABBG6C24T33 | ABDG36C20T36 | M1 G28CI9T31 | AB0G36CI8T3R2 | A9 G28 C15T33
73 6 6 V6 AMOG4C20T34| ABBER27C23T33 | ABDG36C20T36 | AMMOG2OCI9T3L | AB1IG3ECI7T33 | A39G28 C15T33
74 6 6 ND AMOGC24C20THA | ABBG27C23T33 | ABDG36C20T36 | AMMOG2OCI9T3L | ABLIG3HCI7T33 | A9 G28C15 133
IS 12 12 ND AMOGCAC20T3HA | ABBG6C24T33 | ABDG36CI9T37 | AMMOG2OCI9T3L | ABLIG3ECI7T33 | A9 G28 C15 133
76 44/61,82,9 44/61 ND AMOG4C20T34| ABBG26C24T33 | ABDG36C20T36 | A1 G28CI19T131 | AB0G36CI8T32 | A9 G288 C15T33
77 3 3 ND ANGCGEC0T34 | ABBER7C23T33 | AB0G36C20T36 | AMMOG20CI9T31L | AR2G35CI7T32 | A39G28Cl16 T32
78 12 12 ND AMOGC24C20THA | ABBG6C24T33 | ABDG36CI9T37 | MOG2OCI9T3L | ABLIG3HCI7T33 | A9 G28 C15 133
79 22 22 ve2 APGCS5C0THA| ABBER7C23T33 | ABDG36C20T36 | AMMOG2OCI9T3L | AB1IG3ECI7T33 | A38G20 C15T33
80 53,91 ND VB1 ANGHEC0T34| ABBER7C23T33 | AB0G36CI9T37 | MOG2CI9T31 | AR2G35CI7T32 | A39G28Cl16 T32
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Conclusions of Pneumonia Study* HOIE

Biosciences

 Primary pathogen:

— Streptococcus
pyogenes (GAS)

— known virulent strain

Rapid identificati

=

strain-t f'p’i'_n of ¢ _
athgf 'gp JONC 0

« Secondary pathogens: A
— Haemophilus influenzae

— Neisseria meningitidis

o 5 other military facilities
— Determined these sites

had a mixture of strain *Ecker et al. (2005) Proc.
types Natl. Acad. Sci. Vol. 102:
p8012-8017

« Throughput
— >200/samples per day



RIS

Biosciences

Hospital-acquired Infections
Acinetobacter Infections in Military Hospitals

Walter Reed Army Medical Center (WRAMCOC):
COL Tim Endy
MAJ Paul Scott
COL David Craft

Landstuhl Regional Medical Center, Landstuhl, Germany (LRMC)
MAJ Greg Deye

Louis Stokes Cleveland Department of Veterans Affairs Medical
Center

Robert A. Bonomo



Acinetobacter baumannii: The Problem HO!E

Biosciences

Acinetobacter baumannii Is
problematic bacteria for
wounded soldiers

— Found In solil - blast
wounds

— Spreads in hospitals

— New “Superbug” -
resistant to nearly all
antibiotics




Epidemiological Survey 1DIS

Biosciences

 Received 216 bacterial
Isolates Operation lraq|
Freedom (OIF)

» Patients and their P

environment from: P

— Combat support hospital ﬁ?ﬁ( >
In lrag s ——

— USNS Comfort (hospital S
ship)

— Landstuhl Regional Medical 28th Combat Support
Center - Germany Hospital (CSH) in Iraq

— Walter Reed Army Medical
Center - Maryland USA



Acinetobacter genotyping HO! E

Biosciences

o Selected 6 target genes: efp, trpE, adk, mutY,
fumC, ppa

— 1679 nucleotides of DNA

e 8 PCR primers/mass spectrometry analysis

o |dentified the genotype of all 216 OIF isolates
— 61 Unigque genotypes



Species | ST | # | ref. strain 1151-trpE 1156-adk 1158-mutY 1160-mutY 1165-fumC 1167-fumC 1170-fumC 1171-ppa

2 1 A45G34C21T42 A44G32C25T39 A27G21C26T21 A32G35C28T34 A40G33C30T36 A41G34C35T37 A38G27C20T51 A35G37C32T45
3 6 A44G35C22T41 A44G32C26T38 A27G20C27T21 A32G35C28T34 A40G33C30T36 A41G34C35T37 A38G27C20T51 A35G37C31T46
4 5 A44G35C22T41 | A44G32C27T37 | A27G20C27T21  A32G35C28T34 | A39G33C30T37  A40G35C32T40  A38G27C21T50 | A35G37C30T47
5 1 A44G35C22T41 A44G32C27T37 A27G21C26T21 A32G35C28T34 A39G33C30T37 A40G35C32T40 A38G27C21T50 A35G37C30T47
6 1 A44G35C22T41 | A44G32C27T37 | A27G21C25T22  A32G35C28T34 | A40G33C30T36  A40G35C35T37  A38G27C21T50 | A35G37C33T44
7 7 A44G35C22T41 A44G32C25T39 A27G21C25T22 A32G35C29T33 A40G33C30T36 A41G34C35T37 A38G27C20T51 A35G37C33T44

9 8 | ATCC9955 A44G35C21T42 | A44G32C26T38 | A27G21C25T22  A32G35C28T34 | A39G33C30T37  A40G35C32T40  A38G27C20T51 | A28G25C2 Tl
A44G35C21T42 A44G32C26T38 A27G21C25T22 A32G35C29T33 A40G33C30T36 A41G34C34T38 A38G27C21T50 A35G37C33T44
A44G35C21T42 A44G32C26T38 A27G21C26T21 A32G35C28T34 A40G33C30T36 A41G34C34T38 A38G27C21T50 A35G37C33T44
A44G35C21T42 A44G32C26T38 A27G21C25T22 A32G34C28T35 A40G33C30T36 A41G34C34T38 A38G27C21T50 A35G37C33T44
A44G35C21T42 | A44G32C26T38 | A27G21C26T21  A32G34C29T34 | A40G33C30T36  A41G34C34T38  A38G27C21T50 | A35G37C33T44
A44G35C21T42 A44G32C26T38 A27G21C26T21 A32G34C29T34 A40G33C30T36 A41G34C34T38 A38G27C21T50 A35G37C33T44
A44G35C21T42 | A44G32C26T38 | A27G21C26T21  A32G34C29T34 | A40G33C30T36  A41G34C34T38  A38G27C21T50 | A35G37C33T44
13 8 A44G35C22T41 A44G32C26T38 A27G21C25T22 A32G35C28T34 A40G33C29T37 A40G35C33T39 A38G27C21T50 A35G37C33T44
14 | 28 | LUHGBO30 (Ill) | A44G35C22T41 A44G32C27T37 A27G21C25T22 A31G36C28T34 A40G33C29T37 A40G35C34T38 A38G27C21T50 A35G37C30T47
8 1 | LUHB035(II) | A44G35C22T41 | A44G32C27T37 | A27G21C25T22  A31G36C28T34 | A40G33C29T37  A40G35C34T38  A38G27C20T51 | A35G37C30T47
15 | 12 | LUH6013 (1) A44G35C22T41 A44G32C26T38 A29G19C26T21 A31G35C29T34 A40G33C29T37 A41G35C32T39 A37G28C20T51 A35G37C30T47
= 45 | 2 A44G35C22T41 | A44G32C26T38 | A29G19C26T21  A31G35C29T34 | A40G33C29T37  A41G35C32T39 | A37G28C20T51 | A35G37C32T45
% 46 2 A44G35C22T41 A44G32C27T37 A29G19C26T21 A31G35C29T34 A40G33C29T37 A41G35C32T39 A37G28C20T51 A35G37C30T47
o 16 | 13 A44G35C22T41 | A44G32C27T37 | A29G19C26T21  A31G35C29T34 | A40G34C29T36  A41G35C32T39 | A37G28C20T51 | A35G37C30T47
5 17 1 A44G35C20T43 A44G32C27T37 A27G21C25T22 A32G35C28T34 A40G33C29T37 A41G34C35T37 A38G27C21T50 A35G36C32T46
_g 18 1 A43G36C21T42 A44G32C27T37 A27G21C26T21 A31G36C28T34 A40G33C29T37 A41G35C32T39 A37G28C20T51 A35G37C31T46
— 19 1 A43G36C21T42 A44G32C26T38 A27G21C25T22 A32G35C28T34 A40G33C29T37 A41G35C32T39 A37G28C20T51 A35G37C31T46
(D) 20 1 A43G36C20T43 A44G32C27T37 A28G21C24T22 A32G35C29T33 A40G33C29T37 A40G35C33T39 A37G28C20T51 A35G37C30T47
"G 21 2 A43G36C20T43 A44G32C27T37 A28G21C24T22 A32G35C29T33 A39G33C30T37 A40G35C32T40 A38G27C20T51 A35G37C33T44
@© 22 |1 A43G36C20T43 | A44G32C27T37 | A27G21C25T22 = A31G36C28T34 | A40G33C30T36  A41G34C35T37  A38G27C20T51 | A35G37C33T44
g 23 1 A43G36C20T43 A44G32C27T37 A27G21C26T21 A32G34C29T34 A39G33C30T37 A40G35C32T40 A38G27C21T50 A35G37C31T46
*G—J‘ 24 7 A43G36C20T43 A44G32C27T37 A27G21C26T21 A32G35C28T34 A40G33C30T36 A40G35C34T38 A39G26C22T49 A35G37C33T44
c 25 | 5 A43G36C20T43 | A44G32C27T37 | A27G21C25T22 = A32G35C29T33 | A40G33C30T36  A40G35C34T38  A39G26C22T49 | A35G37C33T44
6 26 3 A43G36C20T43 A44G32C26T38 A27G21C26T21 A32G35C28T34 A40G33C29T37 A40G35C34T38 A38G27C21T50 A35G37C33T44
< 27 | 1 A44G35C19T44 | A44G32C27T37 | A27G21C25T22  A32G35C28T34 | A39G33C30T37 = A40G35C33T39  A38G27C20T51 | A35G37C33T44
28 1 A44G35C22T41 A44G32C27T37 A27G21C25T22 A32G34C28T35 A40G33C30T36 A42G34C33T38 A38G27C20T51 A35G37C31T46
29 | 3 | LUH6049 () | A44G35C21T42 | A44G32C27T37 | A27G21C25T22  A32G34C28T35 | A39G33C30T37  A40G35C32T40  A38G27C20T51 | A35G36C29T49
30 6 A44G35C19T44 A44G32C27T37 A27G21C25T22 A32G35C28T34 A39G33C30T37 A40G35C32T40 A38G27C21T50 A35G36C29T49
31 | 3 | ATCC15308 | A44G35C22T41 | A44G32C27T37 | A27G21C25T22 = A31G36C28T34 | A40G33C29T37  A41G35C32T39 | A37G28C20T51 | A35G37C31T46
32 1 ATCC15150 A43G36C20T43 A44G32C27T37 A27G21C25T22 A31G36C28T34 A40G33C29T37 A41G35C33T38 A38G27C20T51 A35G37C33T44
33 | 1 | ATCC27227 | A43G36C20T43 | A44G32C27T37 | A27G21C25T22 = A31G36C28T34 | A40G33C30T36 = A41G34C35T37  A38G27C20T51 | A35G37C31T46
34 | 1 | ATCC15151 | A44G35C22T41 | A44G32C26T38 | A27G21C25T22 = A31G36C28T34 | A39G33C30T37  A40G35C32T40  A39G26C20T51 | A35G37C31T46
35 1 ATCC15149 A44G35C22T41 A44G32C27T37 A27G21C25T22 A32G35C28T34 A39G33C30T37 A40G35C33T39 A38G27C20T51 A35G37C31T46
36 1 ATCC17904 A44G35C22T41 A44G32C27T37 A27G20C27T21 A32G35C28T34 A40G33C30T36 A41G34C35T37 A38G27C20T51 A35G37C30T47
37 1 A44G35C21T42 A44G32C26T38 A27G20C27T21 A32G35C28T34 A40G33C29T37 A41G35C33T38 A38G27C20T51 A35G37C32T45
38 1 A44G35C22T41 A44G32C27T37 A27G21C25T22 A32G34C28T35 A40G33C30T36 A42G34C33T38 A38G27C20T51 A35G36C29T49
39 1 A44G35C22T41 A44G32C26T38 A27G21C26T21 A32G35C28T34 A39G33C30T37 A40G35C33T39 A38G27C20T51 A35G37C30T47
4 | 1 A44G35C22T41 | A44G32C26T38 | A28G20C25T22  A32G35C28T34 | A39G33C30T37  A40G35C32T40  A38G27C20T51 | A35G37C33T44
41 1 A44G35C21T42 A44G32C27T37 A28G20C25T22 A32G34C28T35 A40G33C30T36 A40G35C34T38 A38G27C21T50 A35G37C31T46
42 | 1 A44G35C22T41 | A44G32C26T38 | A27G21C25T22 = A31G36C28T34 | A40G33C30T36 = A41G35C33T38  A38G27C20T51 | A35G37C29T48
43 1 A45G34C20T43 A44G32C27T37 A28G20C25T22 A31G36C29T33 A40G33C30T36 A40G35C34T38 A39G26C22T49 A35G37C31T46
44 | 2 A44G35C21T42 | A44G32C27T37 | A27G21C26T21  A32G35C28T34 | A39G33C30T37 = A40G35C33T39  A38G27C20T51 | A35G37C32T45
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European Clones 190/216
A.) De novo soil infection model B.) Hospital Contamination Mo . 1.

Biosciences

LRMC - Acinetobacter baumannii

Soil -
Acinetobacter sp. Patient transfer,
s/' ; healthcare workers,
%" visitors
Combat Field
injury Hospitals Other
European
Hospitals

Repatriation

Nosocomial
Transmission

Non-combat Combat
injury injury

WRAMC




Summary/Lessons Learned H" E

Biosciences

o 216 isolates from OIF
— 61 unigue genotypes

 Major clusters identical with European
hospital strains

— Explains rapid spread
— Explains multi drug-resistance

e Survey of incoming patients from other
healthcare facilities

— |Isolate and treat
e Survey the environment
— Decontaminate

Methodology -- J. Clin. Micro (2006 )Aug;44(8):2921-32.



Northwestern Memorial Hospital 1—5
Acinetobacter Outbreak H’ 1.

Biosciences

 Qutbreak April-December, 2005

 High-level carbepenam and
fluoroquinolone resistance

« Similar infections city-wide in
Chicago

* |bis received 94 samples on

1/26/06 and returned a report to 7
NMH 1/27/06 All Isolates

from outbreak

<

10

Organiem | @enotype| HT, | 1509
I RSl | - T5000 correctly identified the
10 = Resistant outbreak isolates
% . 22| resistant [ | * T5000 drug resistance data
S = . — correlated with classical
- - 1 Resistant resistance test
- - —=2=¥21 1 ¢ 24 hour results
14 1 Resistant
A. species 3 B7 1 Sensitive




RIS

Biosciences

Methicillin Resistant
Staphylococcus aureus (MRSA):
Detection and Typing

Collaborators:

Karen Carroll L&)
Johns Hopkins University Medical Center

Jean Patel, Brandy Limbago, Linda McDougal |#b]@
cDC i

Donna Wolk NS A
Tucson Arizona, VA Hospital G rsy




S. aureus Characterization HO’E

Biosciences

»Develop and validate ESI-MS assays for
characterizing S. aureus in nosocomial
settings

=|dentify the organism as S. aureus

=Determine drug-resistance profile (methicillin,
erythromycin, mupirocin)

*Determine virulence phenotype markers
=Genotype to identify strain

»EXxperiments
»Testing of >250 JHU isolates
»Testing of 31 S. aureus isolates from CDC S. aureus Lab
=Testing of ~ 100 clinical isolates from Arizona VA Hospital



Staphylococcus aureus confirmation / drug- H.’TE
resistance / virulence factor panel Biosclences

O S. aureus confirmation — 2 primer pairs
» nuc -- S. aureus-specific marker
» tufB - Staphylococcus genus marker —

= Universal housekeeping gene Staph Confirmation
= tufB primer amplifies known Staphylococci primers
(2 primers)

U Drug resistance — 4 primer pairs
» High-level methicillin resistance — 2 primer pairs

= mecA — methicillin-resistant PBP2A gene

8 primers
= mecl-R —junction of regulatory region and mecA 8p )
gene
» Macrolide / erythromycin resistance
= ermA Phenotype
markers
= ermC
» Mupirocin resistance
= mupR

U Virulence — 1 primer pair
» PVL - Panton-Valentine leukocidin
» PVL homolog lukEv-lukDv (lukDv component- a- and y-
hemolysin)



tufB primer pair primes all Staphylococcus ’-E
but gives unique signature for S. aureus *-

iences

tufB, together with a positive nuc signal, provides confirmation of S. aureus

S. hominis A45 G28 C16 T36
JHU 41
A43 G28 C19 T35
S. caprae 43 G28 C20 T34
JHU 39 —~
S. epidermidis

JHU 36 A43 G29 C19 T34 | A

S. cohnii
JHU 35 Jk A47 G31C18 T3 Jk

A43 G28 C19 T35

S. saprophyticus A A48 G30 C19T31 J\
JHU 30

S. lugdunensis A43 G29 C18 T35
JHU 27
S. lugdunensis A43 G28 C18 T36
JHU 26
S. epidermidis
JHU 22 A42 G28 C19T36 N
S. epidermidis
JHU 21 A44 G28 C16 T37
\ w \ ‘ T ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
38600 39100 39600

Mass (Da)



Resistance / PVL profile for 32 1-5
blinded CDC samples H’ 1.

Biosciences

One sample was S. schleiferi and was confirmed as non-aureus by tufB

ESI-MS
MLST
Group | CDC sample | 2081 (ermA) 2086 [ermC) 2095 (pviLuk) 2256 (nuc) 2313 {(mupR)
COCD010 - - PVL-{ lukD+ _
CDC0015 - - - - -
cDCOa1g -
. COCD026 PVL-J lukD+ _
COCD030 PVL-J lukD+ -
COCD04 _
COCD014 _
cocoos PVL-{ lukD+ | -
cocoot PVL-/ lukD+ _
PVL-J lukD+ _
5 PVL-J lukD+ 0
PVL-J lukD+ -
PVL-J lukD+ _
COCVRSAZ PVL + by Standard -
Cocoors E— T luks/IuKF PCR Assays |
3 CDC0012 -] -
cOCO021 - PVL- / lukD- -
R coCDoz: N PVL-/ lukD+ _
COCD025 - PVL- / lukD+ N
5 COCO05 - PVL- / IukD- -
cocoots —— :
. cocooz N PVL- / lukD- _
COCD028 - PVL- / lukD- -
7 cocooz - PVL-/ lukD+ N
8 cOCDo12 - N
[ COCD016 - PVL- J lukD+ -
10 COCD027 - PVL-/lukD+ -
11 cDcoo2e - -
12 CDCD020 -
13 COCD024 - - PVL- / lukD- -
- CDCO031 - - PVL- / kD~ -




Discrimination of 32 blinded CDC strains into 13
9’ E

sequence groups by ESI-MS-multi-locus genotypin

losciences

Percent of

5Ts

Group| Sample BCT2146 BCT2149 BCT2150 BCT2156 BCT2157 BCT2161 BCT2163 BCT2166 excluded

CDC0010 Add G24 C18T2E | ASBG24 C18 T51 AS0 G30 G0 T32 | A32 G25 C23 T28 95.1

AS0 G3D CH0 T32 | A32G25 C23T20 95.1

CDCO015 Ad4 G24 C1BT2D | AS5DG24 C18 T51

AS0 G3D G0 T32 | A32 525 C23 T28 95.1

CDCo018 A44 G24 CIBT2E | ASBG24 C18 T51

CDC0024 Ad4 G4 C1BT2D | AS5DG24 C18 T51 AS0 G3D CH0 T32 | A32G25 C23T20 95.1

CDC0030 A44 G24 CIBT2E | ASBG24 C18 T51 AS0 G3D G0 T32 | A32 525 C23 T28 95.1

COCDM Ad4 G4 C1BT2D | AS5DG24 C18 T51 AS0 G3D CH0 T32 | A32G25 C23T20 95.1

CDCD014 A44 G24 CIBT2E | ASBG24 C18 T51 AS0 G3D G0 T32 | A32 525 C23 T28 95.1

CDCODE AS5D G24 C18 TH1 AS0 G3D CH0 T32 | A32G25 C23T20 95.1

COCoMM 94.1
CDC0022 94.1
COCODE 94.1
CODC007 941
COCVRSAT 94.1
COCVRSAZ 94.1

COCoom A32 G5 C23T2E 92.7
CDCo012 A32 G25 C23 T2 92.7
CDCo0M A32 G5 C23T2E 92.7

CDCD023 ASD G24 C18 T51 ASD G330 C20 T32 | A32G25 C23T20 96.9

COCON25 ASD G30 C20 T32 | A32 GascaaTam 96.9
5 COCO0S Ad44 G24 C18 T20 AS1 G2T C21 T30 98.6
COCO018 | A44 G24C1BT20 AS1 G27 C21 T30 98.5
CDCO02 97.6

CDCD023 97.6

7 COCO03 99,7
] CDCO13 99.6
3 CDCo018 93.4
10 coCon27 99,7
11 COCO029 98.4
12 CDC0020 98.7
13 CDCO024 93.7
-- CDCo03 Mo product Mo product Mo product Ne product MNA

CDCO0031 was Staphylococcus schleiferi



Survey of 326 Staphylococcus aureus TE
clinical isolates H’ 1.

Biosciences

Genotyping, strain identification * Isolates obtained from:
Extremely — Centers for Disease Control

Vet type — Johns Hopkins University
— University of Arizona

e« T5000 genotype grouping of isolates was
consistent with PFGE/sequencing results

e« T5000 drug resistance and virulence data
was >99% concordant with current

Identification Virulence Antibiotic Resistance
# of Methicillin |Erythromycin| Mupirocin
isolates urB nuc PVL mecA| mecl-R| ermA | ermC mupiR

81 S. aureus - - -
81 S. aureus - - - -
34 S. aureus - - -
32 S. aureus - - -
30 S. aureus - - -
30 S. aureus - - - -
10 S. aureus - - -
7 S. aureus - - - - -
3 S. aureus - -




Influenza Virus Survelllance: Hm
Project Collaborators Biosciences

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 7IUTMB
Branch, Galveston, TX

**
), TEXAS
Wendy Sessions. M, SV (ASCP), Texas Department b\ St
of State Health Services

Dave Stallknecht and Ginger Goekjian, College of
Veterinary Medicine, University of Georgia



T5000 Influenza Virus Assay 9! E

Biosciences

Isolated RNA

Pan Influenza Primer PCR
\ Desalting Mass Spectrometer
= ) Sample = ?‘#)7;: S T 2
Influenza A Primers * ES needie i \ /
Capillary * lon
Store
. —
Influenza B Primers { r- {‘\ Refle.ctron

PB1 Nuc M1 PA NS1 NS2

m J|Hl lmll .Il|1h LHL .M L N -

NNHITELFEW.N A39 G32 C23 T34 A32 G23 C20 T26 A24 G30 C23 T28 |A37 G23 C27 T25 |A28 G21 C32 T38| A35 G27 C17 T26 | |

RUNTOFSY - W A37 G31 C20 T34 I | l | | | |

" AT - A39 G32C23 T34 A32 G23C20T26 A24 G30 C23T28 | A37 G23 C27 T25| A28 G21 C32 T38| A35 G27 C17 T26 | |

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




Pan-influenza Primer Polymerase PB1 Primer Hol E

Forward primer Biosciences
JII|ImllIIII|IIIIIIIII|IIIIIIIII|IIII|IIIIIIIII|IIII|IIIIIIIII|IIII|IIII|IIII|IIII |II
- 1300 1310 1320 1330 1340 1350 1360 1370 1380 1390 1400 1410 1420
2738 |VIRZ798 | FLU ALL P\ TGTCCTGGALTGATGATGRGCATCTT GEEATGGACTCCAATCCTCTGATGR
( REFERENCR TR (52 O o CAATATGTTAAGCACTGTATTAGRCETCTOCATCOT GARTCTTGOACALALGAGATACACCARGACTACTTACTGET. . ... M e e B e ¥
Hiaan [HINL | {od 32489911 /CA-C. . .o CAATATGTTAAGTACTGTATTAGECETCTCCATCCTGARTCTTGOACALAAGAGACACACCARGACTACTTACTGET. .. .. i i T
Erman [HINL] (g1]324887 ) 54 Co ... CabTATGTTAAGCACTGTATTAGECETCTOCAT OO T GARTCTTGOACALARGAGATACACCARGACTACTTACTGRT. . ... MESA - aien P
Human e [HLNL | {72 { 32442080 CA.C. o oooe o CAATATGTTAAGCACTETATIGGRCETCTOCATCOT GARTCTTGoACALAAGAGATACACCARGACTACTTACTGET. .. ... i e G i T
Hamer (HINL | (g | 1814083 5L C.. ... CAATATCTTAAGCACTRTCTTEEECETCTCCATCOT CARTC TTEECCALAAGAGATACACCALGACTACTTACTGET. ... ... [ B i T
and Smine |HLNL (g1 | 324855 |08 C. ... T.... TAACATGTTAAGCACTGTGTTGGGTGTTTCCATTCTTAATCT TCGACAGARGEAGTACACGARGACTECTTATTGRT. .. C. T ... . e 1
; e BN e | AOORRORE Ch- - - - ome e TahCATBOTGAGCACAGTCCTAGGAGTCTCEATCT T GARTCT TGoGCAMAAGAGATACAC TARARCCACATACTGRT . .. ... .o, [N L
Swine Swine [HINZ| {gi| 3815472 |GA. e e CAACATGCTARGTACGETTTTAGGAGTCICGATACTGAATCT TGGACARAAGRAATACACCAMGACARCATACTGET. . ... Bliniteidin ity
Syine |HINZ| (gi| 2015471 (GEC.. ... Bl e CACATGOTAAGTACGGTTTTAGRAGTCTCGATACT GAATCTTGGGCALARGARATACACCARGACAACATACTGRT. . ... Eo o
HIN1l. \ | e ........................ CAACATGOTAAGTACAGTCT TAGEAGTCTCAATCCT GAATCTTGoACALAAGALGTACACCARRACARCATACTGOT. . 0uu o s L
B CARCATGCTAAGTACAGTCTTAGGAGTCTCAATCCT GARTCTCOGOCAMAAGALATACACCARRACHACATACTGOT. .. Cou et e C
H2N2 I B e S CAACATGCTAAGTACAGTCTTAGGAGTCTCAATCCT GARTCTTGGACAAAAGARGTACACCARRACARCATACTGOT. . Cou o o i s C
HINZ . CabCATGOTAAGTACAGTCTTGGGAGTCTCALT COT GAACCTTGOGCAMAAGALGTACACCARRACARCATACTOOT . . oottt L
H3N2 P NGE I TTAEREA. <o CAACATGCTARGTACCCTTTTACEACTCTCAATCC T CARTCT TGOGCARALCAGATACACCARRACRRCATACTCET . oo T
Hvman |HINE | (g | 3778545, FR. i | A CRACATGCTAAGTACGETTTTAGGAGTCTCAGT COT GAATCT T GoGCARLAGAGATACACCARRACRACATACTGRT . ... oo iy
Human [H3NZ | (gd | 3778545 (FA- oo CAACATGLTAAGTACGET T T TAGGAGTCTCALT COTGALTCT T GOOCALAACAGATACACCARALCAACATACTGET. ... o e i
L i e e TabCATGOTGAGTACAGTCTTAGRAGTCTCAAT CTT GAATCT T GOACALAAGAGETACACCAGGACCACATACTGET. . ... e T T C
Can ine Swine [H3N3| (gi| 5207818 EA.Conn CAACATGCTAAGTACGETTTIGEEAGTCTCGAT T CTALATC TAGGGCARAAGAGETATACCARAACARCATACTGET. .. o, Cedie i 0
Berinie [H3NE| Tadluenza 1 Gh. .- Cooooenenn L — CAbCATGTTGAGCACTGTGCTGGRTETATCOATAT TARACC T GOGCCAGAGGALATACACARRGACCACATACTGRT. . ... T s U C
Eq uine<  |Bwuins|HaNs|mlwenza (G2 .....Coeee Kidigs CAACATGTTGAGCACTGTGCTAGETETATCCATAT TARACC T GOGCCAGAGGALATACACARRGACCACATACTGET. .. ... Fi e ey e L
........... A.... . CAACATGTTGAGCACTGTGCTGGGTGTATCCATATTARACCTGOGCCAGAGGARATACACALAGACCACATACTGET. ... T. 6. .. A .C._...C
H3N8 Cemine |HAHE| ol | L0842 GA. . 0o Ko CAACATGTTGAGCACTGTGCTGGETETATOCATATTARACCT GOGCCAGAGGALATACACARRGACCACATACTGET. ... . P e i o C
el AT R U CabCATGoTAAGTACAGTTTTAGGAGT T TCAAT COTARRTCT GOGACLLAAGAGATACACCARRACAREGTATTGRT. .. Couo ... T C
Human I (i 139253 -'| ................. TACATGCTAAGTACGETCT TAGRAGTCTCAATCTTARATCTTGGGCAGAAGAGETACACCARAACCACATATIGET. .. .. s T e T
3 - . | [ TAL AT GO TAAGTACGETCTTAGGAGTCTCALT CTTALATC T TGGECAGARGAGGTACACCALAACCACATACTGRT. ... ... T 0
Avian < Aian [HSHL| (g1 BN e CAATATGOTGAGTACAGTCT TAGRAGT T TCALT CCT GARTCTTGoGCAGAGALGTACACCARRACCACATACTGRT. . 0uu s 8
e ;\ N s CAACATGCTGAGTACAGTCCTAGGAGTCTCAAT LT GARTCTTGOACAGALAAGGTACACCARRACCACATATTOOT. .. Ot e eeee T
H5N 1 Ewing | ! .' Q218 GA. CALCATGLTRAGTACLGT CT TAGGAGTCTCAATOCT GARTCT T GoG AR ARG GETATAC CAGARCCADGTACTGET. ..o o et oy T
- : . I . CAhCATGOTGAGTACAGTCCTAGRAGTCTCALT COT GARTCTTGoACAGALLAGGTACACCARRACCACATATTORT . . 0ttt e e e §
e iz CAACATGTTAAGCACTGTACTAGETETATCCATATTARACCTAGGTCALAGCARATACACARRGACCACATACTGET. .. .. et Bl )
O t h er ~ 1707 | Int 3 | _________________________ CAACATGOTGAGTACAGTATTAGRAGT TTCAATCCT GAATC T TRGACLLARGAGGTACACCALAACTACATACTGRT. ... ... i ot s T
vian |HOHL|1{gi 3133956k ... ... e CAACATGOTGAGTACAGT T T TAGGAGTATCALT CC T GARTCTTGoG0AMAAGAGGTACACCALAACCACATARTGRT. ... ... .. ... Ko T
A : - Avian |HINL| L (gi| 313395 |C-A ....... Bl st e CAACATGCTGAGTACAGTITTAGGAGTATCART COTCAATCTTGEGCAARAGAGETACACCARAACCACATACTGET. ... e T A T
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Pan-influenza Primer Polymerase PB1 Primer
PP2798 - Base Composition H ., E!

Biosciences

Influenza B

> . Length

Inflitreanza C



Influenza Virus Assay Results Viewer @ l E

Biosciences

-0 TGRPROC.isisph.com

Tiger Analysis Plate Yiewer - Plate PO0D001450

Conclusion
Samples 1 & 3: Influenza A virus (H3N2: A/New York/../2003)

Samples 2 & 4: Influenza B virus

T
B

Influenza B virus -ve control
Score Cukoff: IW Mew Flate I

1

P,
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oo o1 o2 03 04 05 06 0O 03 09 1
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Primer VIR1266 Score Mass Abundance Fit Error Mass Abur
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Validation Study Test Isolates HO! E

Biosciences

e 24 human influenza isolates
— 18 influenza A
— o6 Influenza B

e 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 geographical locations
* North America, Africa, Asia

e 4 swine influenza isolates

 1equineinfluenzaisolate



Human Influenza Trial
- Blinded Samples

RIS

Biosciences

Source Location Collection Dates| Sampletype |No.of Samples
MCRD, San Diego Ft. Throat swabs,
Naval H(i:a;tnhteF:esearch Leonard Wood, Ft. Sill, Ft. 1999-2005 nasal swabs, 317
Benning, Lackland AFB nasal washes
Johns Hopkms University Baltimore, MD 2003-2005 Nasal aspirates 229
Medical Center
Nasal aspirates,
NY State Dept. of Health Throughout N 1999-2005 BAL, tracheal 100
aspirates, throat
swabs
TX State Dept. of Health Throughout TX 2005-2006 Throat swabs, 10
nasal washes
Total 656




Clinical Samples Summary

Culture/Real Time PCR

Positive Negative Total
Positive 243 10 253
5000 Negative 8 395 403
Total 251 405 656

Sensitivity 96.8

Specificity 97.5

PPV 96.0

NPV 98.0
Influenza A Influenza B Total

H3N2 HIN1 (H3/H1)N2

149 34 3 67 253

RIS

Biosciences




Detection of Mixed Infections HOlE

Biosciences

nfluenza A V|rus

l Influenza A virus
: RTIRTIRT) T A0631C24T33
< _.? 10000 - -
A ;
;--‘: Pan-Influenza PB1 Primer
B ..chjcjti
\ "s"‘
C )
D ‘ BO0O - 2
E — — — —
FLIEDGE SO RGN RGN 11—
G A w00 - =
HERE MG
l 400 - 2l
Influenza
B virus
Influenza B virus Calibrant
moy AITGI1C20T4
Influenza A and B AR I8
Mixed Infections R / | IlJ 1
I |
U._qu.-,,JL-.wﬁw..-.n.u-ﬂ-J' Mwmmmm 4 \...h-»r"*-J 1\.._._m_.||l'h.._.,m_,,.,-f-1
! s s | L L 1 ' |
3?: :3 3&5 3‘3 :EF ]



Detection of Multiple Influenza A TE
Contributors Do:ciences‘

[ [
5000 Influenza A virus I
A25G29C22T29
5000 |- ﬂ —
4000 |- —
3000 —
Influenza A virus
2000 A24G30C22T29 —
J u |
0 MW
| | | | | |
3.2 322 3.24 3% 328 33

v 10°



High Throughput 4 Primer Format

RIS

Biosciences
Primer Pair Species  |Segment

VIR2798 | All Influenza PB1
VIR1266 | All Influenza A| Nuc \ Primer Pair  Species Segment
VIR1279 | Al InfluenzaA| ML \ VIR2798 | Pan Influenzg _ PB1

VIR1266 Influenza A Nuc
VIR1287 | All Influenza A PA T T e A NES
VIR2775 | AllinfluenzaA| NSL | " yrisre T mivemea s Nos
VIR2777 | All Influenza A| NS2
VIR1261 | All InfluenzaB | PB2 /
VIR1275 | All InfluenzaB | Nuc



Throughput Study: Time Line IDIS!

Biosciences
First Plate Started
Spraying
Desalting
isolation First Plate Analysis ﬁl_?’h g ?1'4h g
started PCR Complete Inishe inishe
Started spraying spraying
One plate analyzed every ~80 minutes....

Feb 1, 2006 Feb 2, 2006
idnight $
S & Q@ Q@ Q@ mienig 7 8:50am
Y. DN A
N N NoaS w
312 Samples 336 Samples

Completed in 24 h Completed in 25.5 h



Avian Influenza Virus Detection:
University of Georgia Samples

Biosciences
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 ID# Serotype Species Location Date
Al00-1412 HG6N1 REKN Bower's Beach, DE 5/25/00
Al00-1794 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 HION7 RUTU Reed's Beach, NJ 5/20/99
Al03-755 HON5 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 H11N8 RUTU Reed's Beach, NJ 5/25/01
Al05-784 H11N6 RUTU Reed's Beach, NJ 5/25/01
MNOO-283 H5N?2 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 HANS MALL Roseau Co., MN 09/ /1998
MN98-66 H6N5 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 HIN3 BWTE Brazoria Co., TX 2/18/98

QIS




Avian Flu Detection: No Change In m
Assay or Primers Biosciences

A

Isolated RNA

Pan Influenza Primer pPB1 PCR
Desalting Mass Spectrometer
- ) Sample => ?#)_7‘_: e b
Influenza A Primers * ESI needle i \ /
Capillary * lon
Store
. —
Influenza B Primers { “ Refle.ctron

PB1 Nuc M1 PA NS1 NS2

| l|H | l_.lll .IL|JM L H L. 15”.' | Hh -

NNHITELFEW.N A39 G32 C23 T34 A32 G23 C20 T26 A24 G30 C23 T28 |A37 G23 C27 T25 |A28 G21 C32 T38| A35 G27 C17 T26 | |

RUNTOFSY - W A37 G31 C20 T34 I | l | | | |

" AT - A39 G32C23 T34 A32 G23C20T26 A24 G30 C23T28 | A37 G23 C27 T25| A28 G21 C32 T38| A35 G27 C17 T26 | |

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




T5000 Discrimination of Diverse
Avian Influenza Virus Isolates

RIS

*Same panel was used for human Influenza detection Biosciences
Serotype  |Species [Location Date 2798 1266 1279 1287 2775 2071
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 5121/01] A37G34C23T34 A23G30C24T28 | A34G27C28T23 A35G27C16T27
H3NS RUTU Fortescue Beach, NJ 5/21/01| A37G34C23T34 | A34G24C20T23 | A23G30C24T28 | A34G27C28T23 A34G27C18T26
H3N2 ABDU Mattamuskeet, NC 12/21/00| A37G34C23T34 A21G32C24128 A34G27C18T26
H11N8 RUTU Reed's Beach, NJ 5/25/01| A38G33C22T35 | A35G22C22T22 | A22G31C25T27 | A34G27C28T23 | A40G30C20T29 | A35G27C16T27
H11NG RUTU Reed's Beach, NJ 5/25/01] A38G33C22T35 | A35G22C22T22 | A23G30C24T28 | A34G27C28T23 | A40G30C20T29 | A35G27C16T27
HINS RUTU Mispillion Harbor, DE 5/20/99| A38G33C23T34 A34G27C18T26
HIN7 RUTU Reed's Beach, NJ 5/20/99 A34G27C18T26
HBN5 MALL Roseau Co., MN 09/ /1998 A36G21C22T22 A34G27C28T23 | A40G30C20T29 | A35G27C16T27
H4NG MALL Roseau Co., MN | 11999| A39G32C23T34 | A35G22C23T21 | A22G31C27125 | A34G27C28T23 A34G27C18T26
H5N2 MALL Thief Lake, MN 9/10/96| A39G32C23T34 | A36G21C22T22 A35G26C27T24 A34G27C18T26
HEN4 AGWT Brazoria Co., TX 2/11/97] A39G32C23T34 | A36G22C21T22 A34G27C28T23 A34G27C18T26
H7N7 MALL Roseau Co., MN [ 11999| A39G32C23T34 A20G32C27T26 A34G27C18T26
HO5N3 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 5/15196| A39G32C24T33 | A36G21C22T22 | A21G32C24T128 A34G27C18T26
H7N9 RUTU Port Mahon, DE 5/19/96| A39G32C24T33 | A36G21C22T22 | A21G32C24T28 A34G27C18T26
H2N9 RUTU Reed's Beach, NJ 5122/98| A39G32C24T33 | A36G21C22T22 A34G27C18T26
H4NS MALL Roseau Co., MN 09/ /1998| A40G31C22T35 A25G28C25T27 | A34G27C28T23 A34G27C18T26
H4NS MALL Roseau Co., MN 09/ /1998 A40G31C22T35 A25G28C25T27 | A34G27C28T23 A34G27C18T26
H12N4 RUTU Bower's Beach, DE 5120/96 A35G23C22T21 A37G32C21T29
H1ON7 RUTU Bower's Beach, DE 5/19/00| A40G31C24T33 A35G27C27T23 A34G27C18T26
H10N7 MALL JM Futch, NC 12/20/00] A40G31C24T33 | A35G22C21T23 A34G27C18T726
H8N4 CITE Brazoria Co., TX 2/11/97] A40G31C24T33 | A35G22C22T22 A40G30C20T29 | A35G27C16T27
H1N4 BWTE Brazoria Co., TX 2/18/98| A40G31C24T33 | A35G22C22122 A40G30C20T29 | A35G27C16T27
HEN1 REKN Bower's Beach, DE | 5/25/00| No Detection No Detection No Detection No Detection No Detection No Detection




Host Serotype PB1 NUC M1 NS1 NS2
H1NA1 36 3026 36 | 33232025 | 21322230 | 36272722 33 28 18 26
H1NA1 36 3026 36 | 31252025 | 22312527 | 36 26 28 22 6 18 26
o H1NA1 36 3026 36 | 33232025 | 22312329 | 36 26 29 21 6 18 26
Q H1NA1 24 27 26 28 36332228 | 3328 18 26
(& ] H1NA 36 33 2228 | 33 28 18 26
g H1N1 35342228 | 32291826
w Human H3N2 39 32 24 33 24 302328 | 36242824 | 38322128 | 3527 17 26
[ = H3N2 39 32 23 34 24 302328 | 36242824 | 38322128 | 3527 17 26
L_U H3N2 39322334 | 32232026 | 24302328 | 36242824 | 38322128 | 3527 17 26
(1] H3N2 40 31 24 33 26292229 | 36242725 | 39312128 | 36 26 17 26
£ H3N2 40312433 | 32242124 | 25292229 | 36242725 | 39312128 | 36 26 17 26
e H3N2 39 32 24 33 25292229 | 36242725 | 39312128 | 36 26 17 26
G H3N2 40 312433 | 32242124 | 25292328 | 36242725 | 39312128 | 36 26 17 26
= . H1N1 S 6 4 20 24 3 4 28 28 3 9 B
Swine
New S 8 26 29 B 0
Equine H7N7 8 20 0 29 O 6
American Black Duck H3N2 37 34 23 34 21 32 24 28 34 27 18 26
American Green-winged Teal H8N4 39 322334 | 362221 22 34 27 28 23 34 27 18 26
Blue-winged Teal H1N3 37 332434 | 35222222 35272822 | 40302029 | 3527 16 27
Blue-winged Teal H1N4 40 31 24 33 | 35 22 22 22 40 30 2029 [ 3527 16 27
CITE H8N4 40 31 24 33 | 35 22 22 22 40 30 20 29 | 3527 16 27
Mallard H10N7 40 31 24 33 34 27 18 26
w Mallard H4NG6 39322334 | 35222321 | 22312725 | 3427 2823 34 27 18 26
E Mallard HANS8 40 31 22 35 34 27 28 23 34 27 18 26
= Mallard H5N2 39322334 | 36212222 35 26 27 24 34 27 18 26
<C Mallard H5N3 39 32 24 33 34 27 28 23 34 27 18 26
P Mallard HENS5S 36 21 22 22 34 27 28 23 | 40 30 2029 | 35 27 16 27
N Mallard H7N7 39 32 23 34 20 32 27 26 34 27 18 26
g Ruddy Turnstone H10N7 40 31 24 33 34 27 18 26
= Ruddy Turnstone H11N6 38332235 | 35222222 | 23302428 | 34272823 | 40302029 | 3527 16 27
= Ruddy Turnstone H12N4 37 32 21 29
= w Ruddy Turnstone H12N5 393224 33 | 36212222 | 21322428 34 27 18 26
2 Ruddy Turnstone H2N4 39322433 | 35222222 | 23302428 34 27 18 26
8 Ruddy Turnstone H2N9 393224 33 | 36212222 | 24 29 2527 34 27 18 26
Q. Ruddy Turnstone H3N38 37342334 | 34242023 | 233024 28 | 34 27 28 23 34 27 18 26
w Ruddy Turnstone H7N9 393224 33 | 36212222 | 21 322428 34 27 18 26
o Ruddy Turnstone HIONS5 38 33 23 34 34 27 18 26
-g Ruddy Turnstone HON7Y 34 27 18 26
< Teal H5N1 37322534 | 34232123 | 23292429 | 35252923 | 37322129 | 34 27 18 26
Chicken H5N1 37322534 | 34232123 | 23292429 | 35252923 | 38312129 | 3527 16 27
Chicken H5N1 37322534 | 34232123 | 23292429 | 35252923 | 37322129 | 34 28 16 27
HUMAN H5NA1 37322633 | 34232123 | 23292429 | 35252923 | 37322129 | 34 28 16 27
Goose/Chicken/Duck/HUMAN H5NA1 37322633 | 34232123 | 23292429 | 35252923 | 38312129 (| 3627 16 27
Egret/Chicken/Duck/HUMAN HS5N1 37 32 26 33 | 34 23 21 23 37 322129 | 34 28 16 27
Pintail 40 30 20 29 | 35 27 16 27
Shoveler 37 3324 34 34 28 16 27
Shoveler H10 39 3126 32 | 34 24 22 21 34 27 18 26
Shoveler H10 34 27 18 26
Teal H10 34 24 22 21 24 29 25 27 34 27 18 26
Teal HA11 24 29 25 27 34 27 18 26
Teal H5N2 24 29 25 27 40 30 2029 [ 35627 16 27
Teal H9 39 31 26 32 24 30 25 26 37 32 21 29
Goose H7 34 24 22 21 34 27 28 23 | 39 31 21 28
Shoveler HON2 37 32 26 33 | 34 24 22 21 33 28 29 22 34 27 18 26




Conclusions Hm

Biosciences

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

“Drill-Down” primers can be used to rapidly genotype
strain variants and/or determine drug resistance

 Platform enables broad range Influenza surveillance

— Broad range human and avian in same assay

Demonstrated for bacteria and viruses without culture
— Also applicable to fungi, protozoa, and humans

Instead of asking; “Is pathogen X in my sample?”, we ask:
“Which pathogen(s) are in my sample.



Deployments
Site
USAMRIID

Dept. Homeland
Security

Naval Health
Research Center

CDC

(Johns Hopkins) ﬁ‘éﬁ

RIS

Biosciences

Purpose

Bioweapons Detection (Deployed)

National Bioforensic Analysis
Center (Deployed)

Respiratory Disease Surveillance
In Operational Forces (Deployed)

Staph. & Strep genotyping (Sept 06)

Hospital infection control (‘07)



Ibis T5000 H ﬂﬁ

Biosciences

« Amplicon purification
 Automated ESI-TOF analysis
— Robotic arm moves plates for unattended operation
« Data analysis
e Other functions performed off-line
— DNA/RNA extraction
— Plate set up into pre-kitted plates
— PCR :
e High throughput
— 1 well/minute
 Deploy to CDC
— Sept ‘06

19ET5000 . $&tr




T5000 System and Consumables H.! E

Biosciences

Customer buys from third party Bruker will manufacture in 2007
| I

} }
PCR TherInocycIer Ibis T5000 I ' %

Assay Plate \ / Clean up Reagents

\‘/
Ibis makes




Ibis Research Team Hm

Biosciences
MS & Automation Biology Software/Database
Jared Drader _ Larry Blyn : '
Len Cummins Computational  jark Eshoo :\\|/“e(i:|r|n\3;\e/|hiFt)§ar
Jose Gutierrez Genomics Cristina lvy Thomas Morton
Abel Gutierrez Dave Ecker D. J. Walcott
Yun Jiang Ranga Sampath  jpe Ecker
Kristin Lowery Tom Hall Kristin Lowery
Sheri Manalili Christian Massire Rachael Melton
Amy Schink Harold Levene Ray Ranken
James Hannis Feng Li Brian Libby

Vanessa Harpin Thuy Pennella
David Duncan
Nancy Fan




RIS

Biosciences

Backup Material



Steps Required Before T5000 Analysis H 9! E

Biosciences
Sample Sample Sample and Enzyme SCR
Collection Preparation added to Ibis assay plate
E.g. swab, Sample lysis Ibis plate Enzyme
swipe, blood, DNA/RNA n
sputum purification

Example:
Eppendorf

Example: KingFisher Example: PE Janus
or Qiagen Robot robot or hand pipetting

Ibis provides protocols and qualifies enzymes/equipment for use with T5000



Characterization of Influenza Virus

PB1

PB2

PA

NP

NS

P E

_ ____base count

signature
measurement
and analysis

A39 G32C23 T34

A32G23 C20T26

A24 G30 C23 T28
A37 G23 C27 T25

A28 G21 C32T38
A35 G27 C17 T26

Influenza virus
species
identification

—» Influenza A__|

—= Influenza B

Host-species
identification

sub-type

determination

—> AVIAN
CANINE
ENVIRONMENT
EQUINE
FELINE
— HUMAN
INSECT
LEOPARD
MINK
SEAL
SWINE
TIGER

_» WHALE

— HIN1
HT1N2

H3N2 —
H3N6
H3N8

H5N1
H5N2

RIS

Biosciences

Influenza A Year and genotype
determination

1996-1997

— 1999-2000
2001-2002
2003-2004

2004-2005

H7N7

HON2




Study Results: Influenza A Virus Base
Composition Signatures...

A/NEW YORK/26/2003(H3N2) A39G32C23134 | A32G23C20126 | A24G30C23128 | A36G24C28T24 | A38G32C21128 | A35G2/CL7126
AINEW YORK/26/2003(H3N2) A39G32C23T34 | A32G23C20726 | A24G30C23T28 | A36G24C28T24 | A38G32C21128 | A35G27CL7T26
A/NEW YORK/26/2003(H3N2) A39G32C23T34 | A32G23C20T26 | A24G30C23T28 | A36G24C28T24 | A38G32C21128 | A35G27CL7T26
AINEW YORK/26/2003(H3N2) A39G32C23T34 | A32G23C20T26 | A24G30C23T28 | A36G24C28T24 | A38G32C21128 | A35G27CL7T26
AINEW YORK/50/2003(H3N2) A39G32C23134 || AS2G2AC20125 | A24G30C23128 | A36G24C28T24 | A38G32C21128 | A35G2/CL7T26
AINEW YORK/50/2003(H3N2) A39G32C23T34 | A32G24C20125 | A24G30C23T28 | A36G24C28T24 | A38G32C21128 | A35G27CL7T26
AINEW YORK/50/2003(H3N2) A39G32C23T34 | A32G24C20125 | A24G30C23T28 | A36G24C28T24 | A38G32C21128 | A35G27C17T26
AINEW YORK/50/2003(H3N2) A39G32C23T34 | A32G24C20125 | A24G30C23T28 | A36G24C28T24 | A38G32C21128 | A35G27CL7T26
AINEW YORK/50/2003(H3N2) A39G32C23T34 | A32G24C20125 | A24G30C23T28 | A36G24C28T24 | A38G32C21128 | A35G27C17T26
AINEW YORK/50/2003(H3N2) A39G32C23T34 | A32G24C20125 | A24G30C23T28 | A36G24C28T24 | A38G32C21128 | A35G27CL7T26
AINEW YORK/50/2003(H3N2) A39G32C23T34 | A32G24C20125 | A24G30C23T28 | A36G24C28T24 | A38G32C21128 | A35G27C17T26
AINEW YORK/50/2003(H3N2) A39G32C23T34 | A32G24C20125 | A24G30C23T28 | A36G24C28T24 | A38G32C21128 | A35G27CL7T26
AINEW YORK/50/2003(H3N2) A39G32C23T34 | A32G24C20125 | A24G30C23T28 | A36G24C28T24 | A38G32C21128 | A35G27C17T26
AINEW YORK/50/2003(H3N2) A39G32C23T34 | A32G24C20125 | A24G30C23T28 | A36G24C28T24 | A38G32C21128 | A35G27CL7T26

Variant of AANEW YORK/50/2003(H3N2) A39G32C23T134 | A32G24C20125 | A24G30C23T128 | A36G24C27T25 | A38G32C21128 | A35G27CL7T26
AINEW YORK/95/2002(H3N2) A39G32C24T33 | AB2G24C20125 | A24G30C23128 | A36G24C28124 | A38G32C21128 | A35G2/C17126

AINEW YORK/95/2002(H3N2) A39G32C24T33 | A32G24C20T25 | A24G30C23T28 | A36G24C28T24 | A38G32C21T28 | A35G27C17T26

AINEW YORK/95/2002(H3N2) A39G32C24T33 | A32G24C20T25 | A24G30C23T28 | A36G24C28T24 | A38G32C21T28 | A35G27C17126

AINEW YORK/95/2002(H3N2) A39G32C24T33 | A32G24C20T25 | A24G30C23T28 | A36G24C28T24 | A38G32C21T28 | A35G27C17T26

AINEW YORK/95/2002(H3N2) A39G32C24T33 | A32G24C20T25 | A24G30C23T28 | A36G24C28T24 | A38G32C21T28 | A35G27C17126

AINEW YORK/95/2002(H3N2) A39G32C24T33 | A32G24C20T25 | A24G30C23T28 | A36G24C28T24 | A38G32C21T28 | A35G27C17T26

AINEW YORK/317/1999(H3N2) A39G32C24T33 A24G30C23128 | A36G24C28124 | A38G32C21T28 | A35G27C17T126

A/NEW YORK/153/1999(H3N2) A39G32C24T33 A24G30C23T28 | A36G24C28124 | A39G31C21T28 | A36G26CL7T26

| A/NEW YORK/153/1999(H3N2) A39G32C24T33 A24G30C23T28 | A36G24C28T24 | A39G31C21T28 | A36G26C17T26

VARIANT OF A/ICANTERBURY/129/2005(H3N2) strains | A40G31C24T33 A24G30C22T29 | A37G24C27124 | A39G31C21128 | A36G26CL7T26

VARIANT OF A/ICANTERBURY/220/2005 A24G30C22T29 | A37G24C27T24 | A39G31C21T28 | A36G26C17T26
A/CANTERBURY/129/2005(H3N2) A39G32C24T33 A24G30C22129 | A37G24C27124 | A39G31C21128 | A36G26C17126
AICANTERBURY/129/2005(H3N2) A39G32C24T33 A24G30C22T29 | A37G24C27T24 | A39G31C21T28 | A36G26CL7T26
A/CANTERBURY/129/2005(H3N2) A39G32C24T33 A24G30C22T29 | A37G24C27T24 | A39G31C21T28 | A36G26C17T26

VARIANT OF A/ICANTERBURY/127/2005(H3N2) A38G33C24T133 A25G29C22T29 | A37G24C27124 | A39G31C21128 | A36G26CL7T26
VARIANT OF A/ICANTERBURY/127/2005(H3N2) A39G32C23T34 A25G29C22T29 | A37G24C27T24 | A39G31C21T28 | A36G26C17T26
AICANTERBURY/127/2005(H3N2) A39G32C24T33 A25G29C22T29 | A37G24C27124 | A39G31C21728 | A36G26CL7T26
A/CANTERBURY/127/2005(H3N2) A39G32C24T33 A25G29C22T29 | A37G24C27124 | A39G31C21T28 | A36G26C17T26
AICANTERBURY/127/2005(H3N2) A39G32C24T33 A25G29C22T29 | A37G24C27124 | A39G31C21T28 | A36G26CL7T26
A/CANTERBURY/127/2005(H3N2) A39G32C24T33 A25G29C22T29 | A37G24C27T24 | A39G31C21T28 | A36G26C17T26
A/INEW YORK/386/2004(H3N2) A39G32C24T33 | A31G25C21124 | A25G29C22T29 | A36G24C27T25 | A39G31C21128 | A36G26CL7T26
A/INEW YORK/386/2004(H3N2) A39G32C24T33 | A31G25C21124 | A25G29C22T29 | A36G24C27T25 | A39G31C21128 | A36G26C17T26
A/INEW YORK/386/2004(H3N2) A39G32C24T33 | A31G25C21124 | A25G29C22T29 | A36G24C27T25 | A39G31C21128 | A36G26C17T26
A/INEW YORK/386/2004(H3N2) A39G32C24T33 | A31G25C21124 | A25G29C22T29 | A36G24C27T25 | A39G31C21128 | A36G26C17T26
A/INEW YORK/386/2004(H3N2) A39G32C24T33 | A31G25C21124 | A25G29C22T29 | A36G24C27T25 | A39G31C21128 | A36G26CL7T26
AINEW YORK/386/2004(H3N2) A39G32C24T33 | A31G25C21T24 | A25G29C22T29 | A36G24C27T25 | A39G31C21T28 | A36G26C17T26
A/INEW YORK/373/2005(H3N2) A39G32C24T33 | A31G25C21124 | A24G30C22T29 | A36G24C27T25 | A39G31C21128 | A36G26CL7T26
AINEW YORK/373/2005(H3N2) A39G32C24T33 | A31G25C21T24 | A24G30C22T29 | A36G24C27T25 | A39G31C21T28 | A36G26C17T26
A/CANTERBURY/101/2004(H3N2) A40G31C24T33 | A32G24C21T24 | A25G29C22T29 | A36G24C27T25 | A39G31C21128 | A36G26CL7T26

VARIANT OF AINEW YORK/387/2004(H3N2) A40G31C24T33 | A32G24C21T24 | A25G29C23T28 | A36G24C27T25 | A39G31C21T28 | A36G26C17T26
A/NEW YORK/244/2004(H3N2) A40G31C24T33 || AB1G25C20T24)| A25G29C22T29 | A36G24C27T25 | A39G31C21T28 | A36G26C17T126

VARIANT OF A/NEW YORK/387/2004(H3N2) A40G31C24T33 | A32G24C21T24 | A25G29C23T28 | A36G24C27T25 | A39G31C21T28 | A36G26C17T26
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A/NEW YORK/26/2003(H3N2) A39G32C23T34 | A32G23C20T26 | A24G30C23T28 | A36G24C28T24 | A38G32C21T28 | AS5G27C17T26 Clade A_1
A/NEW YORK/26/2003(H3N2) A39G32C23T34 | A32G23C20T26 | A24G30C23T28 | A36G24C28T24 | A38G32C21T28 | A35G27C17T126 Clade A_1
A/NEW YORK/26/2003(H3N2) A39G32C23T34 | A32G23C20T26 | A24G30C23T28 | A36G24C28T24 | A38G32C21T28 | A35G27C17T26 Clade A_1
A/NEW YORK/26/2003(H3N2) A39G32C23T34 | A32G23C20T26 | A24G30C23T28 | A36G24C28T24 | A38G32C21T28 | A35G27C17T26 Clade A 1
A/NEW YORK/50/2003(H3N2) A39G32C23T34 | AB2G24C20T25 | A24G30C23T28 | A36G24C28T24 | A38G32C21T28 | A35G27C17T26 Clade A_5
A/NEW YORK/50/2003(H3N2) A39G32C23T34 | A32G24C20T25 | A24G30C23T28 | A36G24C28T24 | A38G32C21T28 | A35G27C17T126 Clade A_5
A/NEW YORK/50/2003(H3N2) A39G32C23T34 | AB2G24C20T25 | A24G30C23T28 | A36G24C28T24 | A38G32C21T28 | A35G27C17T26 Clade A_5
A/NEW YORK/50/2003(H3N2) A39G32C23T34 | A32G24C20T25 | A24G30C23T28 | A36G24C28T24 | A38G32C21T28 | A35G27C17T26 Clade A_5
A/NEW YORK/50/2003(H3N2) A39G32C23T34 | A32G24C20T25 | A24G30C23T28 | A36G24C28T24 | A38G32C21T28 | A35G27C17T26 Clade A_5
A/NEW YORK/50/2003(H3N2) A39G32C23T34 | A32G24C20T25 | A24G30C23T28 | A36G24C28T24 | A38G32C21T28 | A35G27C17T26 Clade A_5
A/NEW YORK/50/2003(H3N2) A39G32C23T34 | A32G24C20T25 | A24G30C23T28 | A36G24C28T24 | A38G32C21T28 | A35G27C17T26 Clade A_5
A/NEW YORK/50/2003(H3N2) A39G32C23T34 | A32G24C20T25 | A24G30C23T28 | A36G24C28T24 | A38G32C21T28 | A35G27C17T26 Clade A_5
A/NEW YORK/50/2003(H3N2) A39G32C23T34 | AB2G24C20T25 | A24G30C23T28 | A36G24C28T24 | A38G32C21T28 | A35G27C17T26 Clade A_5
A/NEW YORK/50/2003(H3N2) A39G32C23T34 | A32G24C20T25 | A24G30C23T28 | A36G24C28T24 | A38G32C21T28 | A35G27C17T26 Clade A_5 .
Variant of AAINEW YORK/50/2003(H3N2) A39G32C23T34 | A32G24C20T25 | A24G30C23T28 | A36G24C27T25 | A38G32C21T28 | A35G27C17T26 Clade A 5 SNP_PA
A/NEW YORK/95/2002(H3N2) A39G32C24T33 | A32G24C20T25 | A24G30C23T28 | A36G24C28T24 | A38G32C21T28 | A35G27C17T26 Seasons 2001-03
A/NEW YORK/95/2002(H3N2) A39G32C24T33 | A32G24C20T25 | A24G30C23T28 | A36G24C28T24 | A38G32C21T28 | A35G27C17T26 Seasons 2001-03
A/NEW YORK/95/2002(H3N2) A39G32C24T33 | A32G24C20T25 | A24G30C23T28 | A36G24C28T24 | A38G32C21T28 | A35G27C17T26 Seasons 2001-03
A/NEW YORK/95/2002(H3N2) A39G32C24T33 | A32G24C20T25 | A24G30C23T28 | A36G24C28T24 | A38G32C21T28 | A35G27C17T26 Seasons 2001-03
A/NEW YORK/95/2002(H3N2) A39G32C24T33 | A32G24C20T25 | A24G30C23T28 | A36G24C28T24 | A38G32C21T28 | A35G27C17T26 Seasons 2001-03
A/NEW YORK/95/2002(H3N2) A39G32C24T33 | A32G24C20T25 | A24G30C23T28 | A36G24C28T24 | A38G32C21T28 | A35G27C17T26 Seasons 2001-03
A/NEW YORK/317/1999(H3N2) A39G32C24T33 A24G30C23T28 | A36G24C28T24 | A38G32C21T28 | A35G27C17T26 | 1998-2000 worldwide collection
A/NEW YORK/153/1999(H3N2) A39G32C24T33 A24G30C23T28 | A36G24C28T24 | A39G31C21T28 | A36G26C17T26 1999-2000 Season
. A/NEW YORK/153/1999(H3N2) A39G32C24T33 A24G30C23T28 | A36G24C28T24 | A39G31C21T28 | A36G26C17T26 1999-2000 Season
VARIANT OF A/CANTERBURY/129/2005(H3N2) strains | A40G31C24T33 A24G30C22T29 | A37G24C27T24 | A39G31C21T28 | A36G26C17T26 Clade B_PA PB1_SNP_2005
VARIANT OF A/CANTERBURY/220/2005 A24G30C22T29 | A37G24C27T24 | A39G31C21T28 | A36G26C17T26 Clade B_PA PB1_SNP 2005
A/ICANTERBURY/129/2005(H3N2) A39G32C24T33 A24G30C22T29 | A37G24C27T24 | A39G31C21T28 | A36G26C17T26 Clade B_PA_SNP_2005
A/CANTERBURY/129/2005(H3N2) A39G32C24T33 A24G30C22T29 | A37G24C27T24 | A39G31C21T28 | A36G26C17T26 Clade B_PA_SNP_2005
A/CANTERBURY/129/2005(H3N2) A39G32C24T33 A24G30C22T29 | A37G24C27T24 | A39G31C21T28 | A36G26C17T26 Clade B_PA SNP_2005 .
VARIANT OF A/CANTERBURY/127/2005(H3N2) A38G33C24T33 A25G29C22T29 | A37G24C27T24 | A39G31C21T28 | A36G26C17T26 | Clade B_PA_M1_PB1_SNP_2005
VARIANT OF A/CANTERBURY/127/2005(H3N2) A39G32C23T34 A25G29C22T29 | A37G24C27T24 | A39G31C21T28 | A36G26C17T26 | Clade B_PA M1 PB1_SNP_2005
A/CANTERBURY/127/2005(H3N2) A39G32C24T33 A25G29C22T29 | A37G24C27T24 | A39G31C21T28 | A36G26C17T26 Clade B_PA M1_SNP_2005
A/ICANTERBURY/127/2005(H3N2) A39G32C24T33 A25G29C22T29 | A37G24C27T24 | A39G31C21T28 | A36G26C17T26 Clade B_PA_M1 SNP_2005
A/CANTERBURY/127/2005(H3N2) A39G32C24T33 A25G29C22T29 | A37G24C27T24 | A39G31C21T28 | A36G26C17T26 Clade B_PA M1_SNP_2005
A/ICANTERBURY/127/2005(H3N2) A39G32C24T33 A25G29C22T29 | A37G24C27T24 | A39G31C21T28 | A36G26C17T26 Clade B_PA M1 SNP_2005
A/NEW YORK/386/2004(H3N2) A39G32C24T33 | AS1G25C21T24 | A25G29C22T29 | A36G24C27T25 | A39G31C21T28 | A36G26C17T26 Clade B NP_M1_SNP
A/NEW YORK/386/2004(H3N2) A39G32C24T33 | AB1G25C21T24 | A25G29C22T29 | A36G24C27T25 | A39G31C21T28 | A36G26C17T26 Clade B NP_M1_SNP
A/NEW YORK/386/2004(H3N2) A39G32C24T33 | AS1G25C21T24 | A25G29C22T29 | A36G24C27T25 | A39G31C21T28 | A36G26C17T26 Clade B NP_M1_SNP
A/NEW YORK/386/2004(H3N2) A39G32C24T33 | AB1G25C21T24 | A25G29C22T29 | A36G24C27T25 | A39G31C21T28 [ A36G26C17T26 Clade B NP_M1_SNP
A/NEW YORK/386/2004(H3N2) A39G32C24T33 | AS1G25C21T24 | A25G29C22T29 | A36G24C27T25 | A39G31C21T28 | A36G26C17T26 Clade B NP_M1_SNP
A/NEW YORK/386/2004(H3N2) A39G32C24T33 | AB1G25C21T24 | A25G29C22T29 | A36G24C27T25 | A39G31C21T28 [ A36G26C17T26 Clade B NP_M1_SNP
A/NEW YORK/373/2005(H3N2) A39G32C24T33 | AS1G25C21T24 | A24G30C22T29 | A36G24C27T25 | A39G31C21T28 | A36G26C17T26 Clade B NP_SNP
A/NEW YORK/373/2005(H3N2) A39G32C24T33 | AB1G25C21T24 | A24G30C22T29 | A36G24C27T25 | A39G31C21T28 [ A36G26C17T26 Clade B NP_SNP
A/CANTERBURY/101/2004(H3N2) A40G31C24T33 | A32G24C21T24 | A25G29C22T29 | A36G24C27T25 | A39G31C21T28 | A36G26C17T26
VARIANT OF A/NEW YORK/387/2004(H3N2) A40G31C24T33 | A32G24C21T24 | A25G29C23T28 | A36G24C27T25 | A39G31C21T28 | A36G26C17T26
A/NEW YORK/244/2004(H3N2) A40G31C24T33 | AS1G25C21T24 | A25G29C22T29 | A36G24C27T25 | A39G31C21T28 | A36G26C17T26
VARIANT OF A/INEW YORK/387/2004(H3N2) A40G31C24T33 | A32G24C21T24 | A25G29C23T28 | A36G24C27T25 | A39G31C21T28 | A36G26C17T26
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M1: [36 24 27 25
PA: [24 30 22 29]
NS1: [39 31 21 28]
NS2: [35 27 17 26]
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