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have bee nNE‘é?‘?eg%c? molegples s psigpmPlempRIFaTY é"ne&q]—ﬁﬁfé © eé's“g Oé%mp]et

t hei hydrfye@Bohdiid of Akt batsygieach molecule. FYX ekampde, Syfiidization with a
gl ye ogmop%n%nﬁr}y\ﬁu‘:fér& R RERE il RBArlub@: béraRRhOIrRiferiagstehgepe in

lates attachnent to The HA
pr ot ahish p sompippEk BRI 3 S %’%"é’ gﬁ?%ﬁ@) %é"ﬁga °s{|%°'l'sf ength, and.
BS encodeDetast: Ao datppwioxif apdzehtysutly 80 semglor putiHiap etifigier amino
sequ epg) %Lseﬁte& T62he. 4n &tnete;lﬁnlgamman {2Ahey Méfkie piantizatond For

am no ence ther infl en
i sol g{ca@ﬂaleﬁ P H@ égﬁlgseg ago";:'A f\ Partécu? exalmé):!es ger%?tg ﬁéec%@ﬁ LEENS)

i nf | Weesphosd, Fdiexsnpdadutebdonfof a nignal from ap mereﬂWFPPP‘H g Wwhich can be
GENB@L\%&% 9@4@9@% L3RIk beespohdinh & Mlelceiioth inthenzat virus is
ncbi m ni h. govi entrez) or the Influenza Sequence

Bat aB$S¥0f Los Al anos National 30 Laboratories (LANL)
(avai l abl e on the worl dw de web- %t

http://vvww. flu.lanl.gov). For exanple, recent avian H
subt ype HA sequences include: AY038014, and J02144;

recent avian H3 subtype HA sequences i ncl ude: AY531037
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nucl eoti de sequence and a 2233 nucl eoti de sequence
(segnents and 3), respectively. Segnent 5
c&ﬁ%ﬂ@?§56$ about 1565 nucl eotides encodi ng aRCHBZUL7/04d6
am no acid nucl eoprotein (NP) protein that forns the

nucl eocapsi d. Segnent 7 consists of an about 1027

nucl eoti de sequence of the M gene, which encodes the two
matri x proteins; an about 20252 am no acid M protein,
and an about 96 amino acid M2 protein, which is
translated froma spliced variant of the M RNA. Segnment 8
consists of the NS gene, which encodes two different

non- st rygt cl{Bol oﬁgR&tR:trg lgt?on h@éen@snxg' N§2omalg§é3k Wa&éi ‘thaf\ire propagated

i sol ate I ca nmponent (.such a ucl ei c i d)
hasttﬁeelﬁtaB‘i?B%Pe&ﬁg i éi‘?rl"‘&}"'?e’ﬁS\‘Ffé"t"eﬂ‘ SPEpF Fpid B a“dft’?‘lé:‘

ot higéiudds QAng\iveﬁla‘i infrarRFPolisilslé Bght, nlltmlotphhgﬂt;é(-gstmm@ﬁfays In
nat ur al laye H:g %lcgm&g&&% re%alﬁgﬁ isCRERABS 9 MBRdr, \ﬂﬂ& can possess

ext PEERPORGS! prot ei ns., Nucl c, atens?f
% hapropraties obeewchrpeetv%vé’drw}c’ﬁ@m a%“efﬁ&“é‘f 8?‘%“‘8%‘?“ %“ puri i ed
by nga,rg dRfclpaBlelof Erhitilight ab® pdndaiy watedength (enaglossa: relatiyelreg oW
nucl el ¢ repar u W &Sk Q«Bné 4ldcRor but
hos"¢% ‘Tfavl"aée ore’?agwge)r/ﬁ %:a gpésfynt r%g'l)ézed nucl ei c
aci d@ansmmoetbwmpbmes and prinmers. |solated does not
require ghselodbfemissibd signaknThedight df a phrticidar maedieisth BomEpdfrom
mol ecul e | tiedon ﬁh‘\ﬁéibn s.at
LSRR B b gl ot s stpps
Label : ABxeitptinr oxexsigsion Stemaly é%'eb%*lt Bﬁa Paf‘b‘:r“ 26X e er’%t by
spe %J«ﬁt@ Blmbr@ﬂmdty a staleQuehalyd dﬁmmryphomwrﬂhewt@shwt (SF@raS a
exarrlﬁp WA abel \c% be attached to a nucl eoti de t her eby
per HEtY W8Y uﬁeFtecf n of the nucleotide such a Osel%eet t,i on
of the nth!oePldwEPc iAlchemicabaamec s WHFLKPBSEHE ’Oc’fp ge i s
l§ p%ﬁ&lcul@%ﬂﬂiﬁiu@ﬁmﬁﬁs 4 defisddswivelehgiidef, lightiemitrlight{@poresees.tferd
r adi oa /WE’EJ ASikA0.7/ 1103646
i soteiﬁ‘ii%@ é‘r?l Rt w;‘ﬁlep Fates HugPR ) tq a ng

rs
chemlu mFﬂp@sqpbpfps ‘ﬁ@]éaﬁt‘g theflera%'lch ncSﬁeg ‘f ounds r]Lummesce:nt
and c‘éBH&lnaaﬁlbleabschethrnaﬂéscenmblharﬂs \ﬂuch 4oa1ee#eﬂmg aamalcular

gui dance in aRBhieRr bla&e%ffaﬁ&gyvameremse the
pur p“(f§8§“%t?%ftl}§§“° Euén"gg f%’}”%%gh% ein Sa

XOI\/DI we of capm@rmmsp@t mp}e?_%&ua}e ﬁ%eqmnheéllmma&% ngedt forafln ‘external
Har bQfince wcx%@etmwétlomclﬁa&lambel etal. (In Cur r ent

Pr ot ocol 3@% &:@ fep%mcﬁgr fﬁoﬁJpQ&st that @i beWsd BN th& pRdBsSdischBed herein

Yor k,
A deamarqmmbe%eeéf&l etb?afrér"ﬂé% F§‘8f° pd°"“!'eg "%rrgfﬁ}q%gﬂgel) n

W t hegide, 36k 80 Khietitd, et BDMKGH ametarg@ndmsqthwnat%ﬁ&enea ,2'disulfonic
nt 8hCl Fcrlcﬁne%gﬁld @ﬁatﬁtgﬁﬁkﬁ@é AcMdiSy Al Iﬁ@rﬁin?eﬁ&)h &Mﬁla&[ 5-BNA.

can

10singl e
str aﬁ@ﬁé@?%’}“mwwe‘e‘ﬁ hﬁﬂ?fén’g??(g{%ggg&t% nuylo[gl c_acid
can higyikienaphasisiphhnitnide-3.5 Wisuldmetesbyeifer ¥ellewnd) Naftndine-1-

2 O KA NG C BB R0k a0Y 95 o aasifyadTidsuiGe

can also inclu i
nucl e‘b'tnaﬂeﬁ'm@'ﬁfbﬁ“‘ﬁg‘y\c%‘ﬂ’eﬁ“@g &&ak a"a' 126}37 %&%he‘ exa e,
80 nuaifﬁb&nﬁmwoul@nancomfalranéﬁt)acyﬁm,siﬂei 4,6-giapipidip?-@henylipflole
i ncl yd ?Lgclseh,@,[o% a‘ﬁUféuifbrﬂ:ghtflilammrﬁiﬁmbmml\medh3-6!9"1'6(9“"“0'

wel | ‘hé"a Ication product oSHER Ch@s.
15N éi(emffa@ya"??ﬁ’éhw‘ﬁééwé*ﬁ{’) (i ‘eg‘?/ l f?l'!%{?“e‘um’gé‘e g%&mé

mol e@ido@Socydhatodibydrotiilblenci2pHigdboicaeidi 4, ‘}-&ggtplgcé‘maéﬂswfnwa-z 2
base déLlff&@Jh%Ql £ fhlﬂetpﬁMias]aaﬂmﬂmsacemﬂmyldelomq (PN dansylgforide);

or three phos, u {6, ehdif APSFvatices such
£he §e{’t‘5ﬁ§’p?’?f§ Pﬁﬁ'?ye%ypq' pﬁ-@,&&ﬁﬁ%ﬁ‘égat%%? n{JcI eoti des of

DNA are deoxyadenosi ne 5'-tri phd8phate (dATP or A),
deoxyguanosi ne 5' -tri phosphate (dGIP or G, deoxycytidine
5'-triphosphate (dCTP or C) 20and deoxyt hynidi ne

5 -tri phosphate (dTTP or T). The ngj or nucl eot| des of RNA



Exanpl es of nodified sugar noieties which my be used to
nmodi fy nucl eoti des at 5any position on its structure

i WQWORS158t are not linmited to: arabinose, PCT/US2007/003646
2-fl uoroar abi nose, xylose, and hexose, or a nodified
conmponent of the phosphate backbone, such as
phosphor ot hi oate, a phosphorodithioate, a
phosphor ani dot hi oat e, a phosphoram date, a
phosphor di am date, a net hyl phosphonate, an al kyl
phosphotriester, or a formacetal or anal og thereof.
10Primers: Short nucleic acid nol ecul es, such as a DNA

ol i onUC| S etolslaﬁsbth o‘@an%@%r@suﬁ&ql&@%ﬁ%s@ﬁch&& eﬂyﬁi&ﬁtn Blind
nuc&8YT &e can be_anneal | egentary

e
tar gmmﬁmc$0§11<LCYﬁ\9¥ed°tWB‘P'é‘c%‘r°éeSEf9“ ﬂ%éf”é‘fa "eéé
hy bgdrwx;mdr&&nﬁ GFATM)[ sHag6-tiytborbiatie wbeninpfiuergsedim@TAThd Tt he
tar %et {hﬁ)gyc 43 §'d°ch ici g &&@ﬁ@ures@eupﬁb@? uGdftels eﬂ%&m&‘*‘mya‘m

al ohg' nuG acl d se
£nz (FIEC), mﬁ&c‘e@w*écx riarhersTlposFioH “ﬂg’bda“?g“’%r@ aiﬁ‘é
tar ﬁ@&reslagxnﬁnﬁéregcama@nmmmem Ba(eshitiGres nsptrpwmatym-of an

influ nEhito S Wm@fl’hﬁlhﬂfk d; B-

pri & yugl bglggeéonf i @01;}%1%@[ i &%Sig I g’l c acid ne%igﬁate
f or peyeasrpthen; wwmhila“%eh@emyf"ﬂé F“WCF‘V*“WWPFW%'E{“’ p’(rﬁ

t ar gaf suBsifilRdye 1@%& BB RE ReativaRiar4 (OHB YCROYR". Britliapidied 8§-A)
h bri di zat | rl! LQIPE!% 6 cmﬁxﬁﬁ‘?ﬁddﬁh% tIYOﬁf 63arPbyRdamine

10 ncf}é0 apee amﬁ?m'? SSY%ength. Thu or e r

t hat(REG), h@arwaegws@n%%slé@m‘ °b‘éﬂﬁ‘ﬁ:fh°8”6‘f‘!‘"d§§ ‘\r}ﬂh?dag]ﬁ"ﬁe@él to
a t h@iehind @60) @AGMME Khsothidtiyglaer NN fdtminetyyltGrearpoyrhodamine

gg[ gf%ﬁg’}& tgan%h' g‘g,:é aQJmeo{l}ldXen]aﬁme{ﬂnyﬂhSd%hﬁrﬁieﬁatm&wﬁtc (TRITC);

pr obes
sel esolﬁatJIOdamale H ﬁdfoméa‘ﬁt‘e Y"é 444 suffgnyl g@“‘%"“\%“* %%‘r‘]’f"%“amme
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exa% C?ygt .gar %\irggr gr'b%%orlas%éﬁtboﬂoi &HGL}@&B&Q Qfftubside (BODIHY));

suc |guous nucl eqt

conpicddin tlbgnet GoasbeaPgredanind B 4 ERues Vice (apptied
Par ticlk@ns) E0Bed 8409 L.CReH MES; Snd Yekimation emopsgsipthess.

practice (% geré%tbaqguoropﬁoréshﬁclﬁg ?‘ﬁ)@@l‘no@h $5th 83 Wkifled ih @ art, for

exanpl e, on of an inf a_nuc
21 dxainple |tmeavgﬂ4b#efr<§n Nla(g?F‘H%j Pggbey @3%?‘6’1 " gppecale °"%%’p'°8 3
| easfiyokdphorlis &se(a@ta dbfor fabropleeesdr ad 8 acagptdr élayppl@(ﬁ at | east

21, at legst Slre T rés%ﬁ:ﬁ a%rb Abrel Bas h d3or
at | east ep%fr quom 'fo‘;% b %§° 0&10 o

I easﬂucgophom for exampledn the gﬁngq cggg?ut g(&) §90 fS“S‘ g uéégran?et of about
| eas 30034 80@:hm). @R8épted ﬁuoralbhofee asteraB@ absard lighips 2 wgmlenafl which ds

g? ua a%sl; ast:)i%hmggl here ix aé’g lea@tt20|n§\3£§§he65hana{e nhigim HSorbance
mB¥& cont1 guous hucl eot i d %3. | enentary to t @num ata

tar ngqméqh@f e gena ﬂh‘BPig‘E{?P wWUBVYe “§r 775 °€a, suc

pri MpavdkngthParfdhefisal H0iti40@®,900 Bmb @cm@r Em@nﬂ@@s hayp a’lﬁwéﬁ“’“

nucl e;? ! I d e%vmcﬁ%béﬁﬁﬁs WAt tﬁegeng@,ﬂmk}@ th@%@!d)r h@&mm buch that dnegy

of a erc acid sequence, ble of
real B’E‘MﬁfébP@RdmtS’F caB e “i’ﬁff‘fe@foé lgﬁa Pag ac‘felp'}él ﬁ'gotm%c?ﬁre Is capable

et hoeag krowd tb Antchi: aidtmoldple-  17-
2007/ 0951%ph w%?Q:QZ{pQOé’n%&pmHﬂs&s&am is Odlark fuenskar, lich as Dabeyl,

pr imer is a e TM
D1 0 s qtsetlrg onggRSY Fabfe- B P Ry pLARC ok QU BlErs
pri NRGled Rededreh), EGHPSBWdBirpouqmphqg (Emclhﬁ@p%qneesa@r PWABLACK
sequ ?ﬂ?e%ratédrbﬁ@ﬁ‘&fh%loglés @HbheP B rédENGH(derzR che@mission of a donor

reverse priner are inc Il o | ke PdniksB@ GlchQ Bro
PER ﬁ‘r“PWB‘Porﬁall"rs‘éc @Btﬁx%'é’ ed‘é‘rStfeveé% r%i?ngg'l' %%%ﬁ%ksec;uenctegh "

(such as the 5influenza nuclei cldacid sequences set forth
as SEQ I D NCS: 42-50), for exanple, by using computer
prograns i ntended for that purpose such as Priner

(VerS| on 0.5, 1991, Wi tehead Institute for B| orredl cal
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at least 22, at least 23, at |least 24, at |east 25, at

| east 26, at |east 27, at |east 28, at |east 29, at |east
WO XP7/P98R8t 31, at |east 32, at |east 33, atPEEHIO7443646
at least 35, at least 36, at |least 37, at |east 38, at

| east 39, at least 40, at least 41, at |east 42, at |east
43, at |least 44, at |east 45, at |east 46, at |east 47,
at | east 48, at |east 49, at |least 50 at | east 51, at

| east 52, at |east 53, at 30l east 54, at |east 55, at

| east 56, at |least 57, at |least 58, at |east 59, at |east
60, or nore contiguous nucl eotides conplementary to the
bo. Hptechif fEpopREt %é“‘?‘" Gty %%?ﬁ%%?“@@“'ﬁpﬂ*“"“@e‘“’m‘“g
nuc# dagtepsgdmomimgan sl oy 'Qe %ﬁj&‘ﬁ?" “NOB'b"ﬁepotbeﬁ' St':gg'ﬁc%']t distgpee

I eagbrh B dORYA BIEDPHEE),0 iceBse(i6 the lamission sigrabfrem &e@g@qr &uggpphore

toget rl])g [ie '!ecrt]ed%vh%n ﬁllén Gaknd: RAGH %( L @dardt glstaQJerﬁani tﬂ@&fnoﬁmtdi}ﬁf’fe (ora
a tHPEEid D Ens  onall 35net wor

0
par dqcceaﬂfeali* ergiggionTigRalffonythp S?Wﬁﬂ?ﬂf%%ﬂfﬁ Vg‘e 2 H‘ts“ﬁ%‘e"*oﬂm’?r"é“-"até’ e
an guehsirer 2Ptz @AILARBN55PCT/ US2007/ 003646 enzyme V\,h| ch

catal yz e'sl? tngrel" 1 oro;;h%re§ & h\?&&%}eé’& l%m@scgﬁ Wulﬁd‘aﬁdﬁﬁ of
conpl enmren {0 cl'eic acid

pol ymfease@wh!a‘to ap aweﬁef fropgherg ‘hﬁfﬁ’y ief 'aé‘“%@‘i%agﬁé “%“85"""‘
rml Sightl @oin el adébBtor. bludinoﬂflﬁxdmhbreb arpgérechlly gommencE thagefiserb fynghe
lg ¥ 61g%gis agout 300° 5%‘366 Iﬂl‘\ A éme{)lg ot %Q&!Vsdd it NBdhor Mb\'cﬁ)hoxbﬂ&ve

xonucl éase acti vi l¥ % %msr aﬁﬁh (yr%xés,“t?
t r anseongmodas ebsohaeds cagffigignyatt eF&‘*IB)‘"Ve e °"i? VBRI S
and gyua@aﬁma‘g&bmlm‘mi‘yner ase Il. The choice of
pol ymer agﬁwr‘isc?nﬁpﬁ?sggﬂ{ce EHngb‘ Prdtidfek @'IQE’EC |Adsp§&ro§ﬁplc process by

gL e EXR RN 7 BT N S
19segy 1bf106 heTheedmblaﬁaedu&s & pEhiginet = thoaetied cR\bsiidt exsgipwith
then a. revers ran er Ash 6l tRHal to
ﬂb oa}b t},og o? Bhe accepctglr rlnmc%% &9%1’{;] ?i%g o e%% naﬁn U%CI ngr&gm da
ol ethwrsemefﬁ'ge dtanae e AR the gt BFREIUR )as a
rel é}tdo)b%h&éb&ﬂa b&cybs vathowt éfilssibie ofaqihdtonmpingppiicetions pergiRET, the

such, as Eﬁﬁ QiR &éd el Wit

aci Odoﬁ?fl ag ix'ﬂceépsor d?'eessage ?lﬂ‘l v t axﬁ g/gﬁh Qlse T te fq{
2xampbasincd of s fBiOrRen TPt et B e Ry SV IRB AT B act ua

nu ”hﬂfore@cfenéw %ﬁé}@mﬁEJ iftheradree s lasespenes Brapencheddt indiepgsthealonor

na&gI % tor molecupes r%%tﬂﬁﬁhe B ﬁi&%'(ﬁ@ di@lfanJe Iihere FREE MEL50%
Lo ?8 ; { uorg‘gﬂfore f] UOI‘t rs’s iENHRlen h,
occ Lnfﬁcwﬂmﬁib@“ aQré?l 5Pré'3'e'i‘?b‘1 it tog Aenoy HypEpest &t ¥R TS e ¥ e CE ™
que ni@ BA6Es ihhishedlstalov@yednsSheploasand adeepteypidlgcpleslps increased beyond
?{ o %S Meddier radlﬁsh ?ucfn ?BQI Qlof%@d;\hétprége i &gﬂd@&%yt'ﬂa@ polymerase

cence srg or exangr $r| or, ouetnceeorv&hndl agrlpﬁlf
a pr @Hewmbhﬁ’ﬁ‘dlzﬁfq“l?é Arofie o AtTEet JuFIEC S FYUERTE,
pr obgosns hﬁirxﬂfiecﬁtofaltzu@d‘t apdioe eidsagheacey lreamoter gxmﬂg,aeplergy ife

PCR A J] A8 Flf{lg‘}f b%ﬁeﬂ%& ﬁ‘i@'en@%u% ﬁﬂés' sich tﬁd’t @duedeptor molecule
gene'f’a“ts during eac cle of

pro pqﬂnterngﬁlgbtélt tt%ch@ﬁ@terésﬁmﬁ afﬁYeleélgtht W L 5 Flévaﬁsclorll%r t%an the gmission
P | Ofvade@nfth @f it asror mbleBER.  The i nfornation obt ai ned such
as an anpk ,% fnlg?eétof agoﬁ}ér&{ﬁdes Gtk lﬁ@:’l‘&ﬁﬁ@m{ 1 et 18 derkdd emﬁlh\.ens

presence 0 nucl ej ¢ nza

nuc| icledelinesr)oligpripRss: s 2‘5‘(?55?{?}1"?1%??25 S‘ﬁc 4P gigo%\fqb a%fﬁid'n%ss of

a t argeMAN® bebes, Rtipth diecpuens euchan mbn‘éaré’ﬁ%?ﬁm gegrpiqnepgimers and

ti rreggq.ﬁmleg Lesd grggvg\gmaﬁggros& iddaas-atorpicag @mpPGERng kich as sunrise
I'n some” exanpl es, the amount of anplified target

Aticl é‘f"c?erém d (such as an influenza nucleic acid) is

detected using a | abel ed probe-13uch as a probe | abel ed

with a fluorophore, for exanple a TAQVAN(r) probe. In

this exanple, the increase in fluorescence emssion is

30measured in real tinme, dur| ng the course of the RT-PCR
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10frozen, fixed in formalin and/or enbedded in paraffin;
tears; mlk; skin scrapes; surface washings; urine,;
s&ﬂ%?ﬁi””é’é?ebr ospinal fluid; prostate fluid; B%HUS%QWP@““
marr ow aspi rates; bronchoal veol ar | evage; tracheal

aspi rates; sputum nasopharyngeal aspirates;

oropharyngeal aspirates; and saliva. In particular

enbodi ments, the biological sanple is obtained froman
ani mal subject, such as in the form of bronchoal veol ar

| evage, tracheal 15aspirates, sputum nasopharyngeal
aspirates, oropharyngeal aspirates, and saliva.

Sequenceg E'e&thlniox/ %hJQb'nﬁyf bftexmpnmﬁmw emglusw.eemm lok RMA to

bet ween or more nucl eic acid seguences, h’i‘éﬂ 0 .9

nor @mmdnpiewplec"éf‘e(qlaeﬁﬁeegd tojaga 83’(‘15}"8@%‘@&01“3 P PWEEH fl he

i deRftiridibatn tédhilihed Bint b ubittveen hytréliaderempses bEengerenrebe or

![ ﬂggﬁrlmtaryan P?]cl?etc AR Qsdan 1&1!.{2%%c19£ PRl AR @ia@ﬂ)fe h ﬁ’l@&t drip¥iiner

er tent age e nore | entlc%haﬁ cieie gpid
Seq (reritBenapCSEOBBF A SHOFGlSY tran WP Rvuelcie 3Fid)
am gRIRBGE dilsBehl EHﬁbeﬁlzmseﬁﬁleaawhlehranhﬂmtzgmuhkghcld eg'tee@e (§Pch

s eq u e n cersEshh l“’%t §6}j ;%m{.h M%Bcu?é Hea%ﬁia Hﬁél@graﬁaeaﬁbdﬂé ghd a

nmsnt of sequenc
COmmgkﬁmda’r@gmw'elkﬂ%‘&xﬁ“‘?‘w‘sf‘hé‘ HftEa TGl 7 5@ “a%d in FIG.

and jaiig MRNirgd h@Mid 4R initfaly desonidogd dinlex Biie] vhwl&the duplex
ter he pibBLto hybkRilze. NER GinRABis Sustrated in
m n?b Jm Aiﬁ% & @%Pl;ama%gfﬁag pr197t8 ;Peareson & 25Li pman, :
Pr o@IGNat |. Aced Set USA 85:2444, 1988; Higgins & Sharp,
CGene, 73 I—B/BFdn%wn d&diionshiegiting $n [&nShar #g@@ﬁ@gmlgﬂl‘@‘y
1989d’epecn:?1rn up qI\e k Wy%&t%omémoél&dm%p&@mn 1RBBagth of

Huang . ILn the Bioscience .
1992he il nustse asid sstue"qeét Renertly. s temP ’Eﬁé*’ygi"‘m?ﬁ'éif‘% th
Al t SGrhél LereRibth @uch as the NB-lcomiettkatio®) b thé Bigbriddzatidrog@ier ‘mllélgtgmxge the
a detail ed side N AR SHditPRS ROt
AR S A o
Al i grartisplar Seerretf sﬂmeqnc:( BeAeqﬂfsem FRPFRPK ebgl- P39 Mojecufgpfloning,
BI oI second 24dit03 CbQ, SphRP@Yrbdrd.aborabdy akihigview.ORY Gbyperap and 11). The

| d 1 S al Sn 1 |
P ot CBiR Y o Rl (P oot iiin ERMSE oo gﬁ'g}ﬁ‘% oi 1 ding
BBA, RJem@BJB@B"geB@t(H%%C&a‘WWGQWS reé’ﬁ a%ﬁ PEE" Y er net |

for uselybnd,géa;amectl on VVISRISSChBﬁSSedhtGﬁG)euranal ysi s prograns
bl ast, bl astn, bl astx, BhASERS) £ 8 SHifbeck Sach
used t o g 8‘?’e nucl ei c gtap%g%& &%)
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SBO 10p7/061538. 1 n a specific exanple, a pri nmerPSHERRYTU3646
for an 5influenza subtype North Anerican 117 nucleic acid
i ncludes a nucleic acid sequence at |east 95% i denti cal
to SEQ ID NO 30 or SEQID NG 31. In sone exanples, the
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deletion fromone end and an addition to the other end).
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of skill in the art will appreciate that the 5 consensus
sequences shown in FIGs. 9-17 (SEQ | D NGCS; 42-50) provide
sufficient guidance as to what additions and/or
subtractions can be nade, while still maintaining
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GAC CRA TCC TOT CAC CTC TGA C 3 Flu A Consensus Reverse
Primer AGO )(,CA TTY TOG ACA AAK COT CTA X2X3 4 Flu A
RXAVEEIBSTS ner No. 1 AGO GCA TTY TOO ACA AAK PEITUSHK/083646
Flu A Reverse Prinmer No. 2 AGO CAT TYT GOA CAA AKC GIC
TAC G 6 Flu A Reverse Primer No. 3 OGG CAT TYT GGA CAA
AKC OTC TACO 7 Flu A Probe' TGC AGI CCT CGC TCA CTG GGC
ACG 8 111 H Forward Priner AAC TAC TAC TOO ACT CTR CTK
GAA 9 H Reverse Prinmer CCA TTG GIG CAT TTG AGK TGA TO 10
H Probe2 TGA YCC AAA GCC ''T"CT ACT CAG TGC GAA ACC 11
113 H3 Forvvard Prirrer AAG CAT TCC YAA TGA CAA ACC 12 H3

Rev Qr@u E ﬁpg%lﬁ¢ exam [;g‘:gﬁ% sﬁé%?%c’qg Cin%exgg%%e]&mhm9 nucleic
acnd includes a nucleic acid sequence at least 95% identical to SEQ ID NO: 38.

In some embodiments, the probe is detectably labeled, either with an isotopic or

non-isotopic label, alternatively the target nucleic acid (such as an influenza nucleic acid) is
5  labeled. Non-isotopic labels can, for instance, comprise a fluorescent or luminescent

molecule, biotin, an enzyme or enzyme substrate or a chemical. Such labels are
preferentially chosen such that the hybridization of the probe with target nucleic acid (such
as an influenza nucleic acid) can be detected. In some examples, the probe is labeled with a
fluorophore. Examples of suitable fluorophore labels are given above. In some examples,

10  the fluorophore is a donor fluorophore. In other examples, the fluorophore is an accepter
fluorophore, such as a fluorescence quencher. In some examples, the probe includes both a
donor fluorophore and an accepter fluorophore. Appropriate donor/acceptor fluorophore
pairs can be selected using routine methods. In one example, the donor emission
wavelength is one that can significantly excite the acceptor, thereby generating a detectable

15  emission from the acceptor. In some examples, the probe is modified at the 3°-end to
prevent extension of the probe by a polymerase.

In particular examples, the acceptor fluorophore (such as a fluorescence quencher)
is attached to the 3' end of the probe and the donor fluorophore is attached to a 5' end of the
probe. In another particular example, the acceptor fluorophore (such as a fluorescence

20  quencher) is attached to a modified nucleotide (such as a T) and the donor fluorophore is
attached to a 5' end of the probe.

Primers capable of hybridizing to and directing the amplification of influenza
nucleic acids are disclosed. The primers disclosed herein are between 15 to 40 nucleotides
in length, such as 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34,

25 35, 36, 37, 38, 39, or even 40 nucleotides in length. In several embodiments, a primer is
capable of hybridizing under very high stringency conditions to an influenza virus nucleic
acid sequence set forth as SEQ ID NO:42, SEQ ID NO:43, SEQ ID NO:44, SEQ 1D NO:45,
SEQ ID NO:46, SEQ ID NO:47, SEQ ID NO:48, SEQ ID NO:49, or SEQ ID NO:50, and
directing the amplification of the influenza nucleic acid.

30 In several embodiments, a primer capable of hybridizing to and directing the
amplification of an influenza nucleic acid contains a nucleic acid sequence that is at least
95% identical such as at least 96%, at least 97%, at least 98%, at least 99%, or even 100%
identical to the nucleic acid sequence set forth as SEQ ID NO:3, SEQ ID NO:4, SEQ 1D
NO:9, SEQ ID NO:10, SEQ ID NO:12, SEQ ID NO:13, SEQ ID NO:17, SEQ ID NO: 18,

35 SEQID NO: 22, SEQ ID NO:23, SEQ ID NO:26, SEQ ID NO:28, SEQ ID NO:30, SEQ ID
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CAG SAT CAC ATA TGG GSC CTG TCC CAG 14 113 Probe No. 11
CAG GAT CAC ATA TOO GSC CTG TCC CAG 15 113 Probe No. 21
CRO BRTAE ATA TOG GSC CTG TCC CAG 16 115 pr PREFS2NPO3646
probe set a WO 2007/ 095155PCT/ US2007/ 003646 H5 a
Consensus Forward Priner TOG AAA GTR TAA RAA ACG GALA COr
17 H5 a Consensus Reverse Priner. YGC TAG GGA RCT CGC CAC
TO 18 H5 a Consensus Probe2 YRA CTA YCC GCA G'T"A TTC AGA
AGA AGC AAG AYT AA 19 H5 a Probe 1 2 TGA CTA CCC GCA
G'T"A TTC AGA AGA AGC AAG ACT AA 20 115 a Probe22 CAA CTA
TCC GCA G'T"A TTC AGA AGA AGC AAG ATT AA 21 115 primer

and R ADeed &b w33, $G 1D N%S%?%NBOJWSE@E 10817 GAReATE

Pr i WPOW‘WIW*‘H’@R of ipcbrigiping b’t*%%n g \cr/f%‘é'rsltg us

Pr 0@ @ntihRY ofGGACTERGei@ARuECAset TorEhs smxmmm.x;@@qmqmm ID
NO:9, SEQ ID NO:10, SEQ ID NO:12, SEQ ID NO:13, SEQ ID NO:17, SEQ IDNO: 18,

5  SEQ ID NO: 22, SEQ ID NO:23, SEQ ID NO:26, SEQ ID NO:28, SEQ ID NO:30, SEQ ID
NO:31, SEQ ID NO:33, SEQ ID NO:34, SEQ ID NO:36, or SEQ ID NO:37.

In several embodiments, the primer is influenza type specific. An influenza type
specific primer is capable of hybridizing under stringent conditions (such as high stringency,
or very high stringency conditions) to an influenza virus nucleic acid from a specific

10  influenza type, such as influenza type A or type B. For example, a primer that is type
specific for influenza type A is not type specific for influenza type B. Likewise, a primer
that is type specific for influenza type B is not type specific for influenza type A. In other
words a nucleic acid primer that specifically hybridizes to an influenza type A nucleic acid
(such as a nucleic acid that is at least a portion of the M gene from influenza type A, for

15  example the nucleic acid sequence set forth as SEQ ID NO:42) does not hybridize to an
influenza type B nucleic acid, such nucleic acids would be type specific primers for
influenza type A. Conversely, a nucleic acid primer that specifically hybridizes to an
influenza type B nucleic acid (such as a nucleic acid that is at least a portion of the NS gene
from influenza type B, for example the nucleic acid sequence set forth as SEQ ID NO:43)

20 does not hybridize to an influenza type A nucleic acid, such nucleic acids would be type
specific primers for influenza type A. Thus, type specific primers can be used to
specifically amplify a nucleic acid from influenza type A or from influenza type B, but not
both. In some embodiments, the primer is capable of hybridizing under very high
stringency conditions to a nucleic acid from influenza A, for example to an influenza type A

25  nucleic acid from the M gene of influenza type A set forth as SEQ ID NO:42. In some
embodiments, the primer is capable of hybridizing under very high stringency conditions to
a nucleic acid from influenza B, for example to an influenza type B nucleic acid from the
NS gene of influenza type B set forth as SEQ ID NO:43.

In some embodiments, the primer is specific for an influenza type A sequence, such

30 as an influenza type A M gene sequence. In a specific example, a primer specific for an
influenza type A nucleic acid includes a nucleic acid sequence at least 95% identical to SEQ
ID NO:3 or SEQ ID NO:4. In some embodiments, the primer is specific for an influenza
type B sequence, such as an influenza type B NS gene sequence. In a specific example, a
primer specific for an influenza type B nucleic acid includes a nucleic acid sequence at least

35 95% identical to SEQ ID NO:26 or SEQ ID NO:28.
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(Z:écl%gchZr obe No. 12 TAC CCA TAC CAA CCA "T"CT ACC ATT

T 25 Flu B Fl u B Consensus Forward Priner T
THR RYH9HAE TCT TCG AGC G 26 Flu B Forward Pr P%PSW!OW%C
TCC TCA ACT CAC TCT TCG AGC G 27 Flu B Reverse Priner COG
TGC TCT TGA CCA AAT TOO 28 Flu B Probe' CCA ATT CGA GCA
CI:T GAA ACT GCG GTIG 29 117 North Anmerica H7 Forward
Primer AAA TGC ACA AGD AGA GGG AAC TO 30 North Anmerica H7
Reve_rse Pri mer CAT TGC YAC YAA SAG YTC AGC RT 31 North
Anerica H7 Probe2 AAA GCA CCC ART C'T"G CAA TAG ATC AGA
TCA CAG GC 32 European 117 Forward Prinmer GCT TCA GGC ATC

AAA ATG
92 010 SR AL LR it

CTG sqtetype sgecifis prmyr icvepa W@Qd’ﬂ“g under stringent concﬁlons (such acs:-{lgh

stringency, or very high stringency conditions) to an influenza virus nucleic acid from a
specific influenza subtype, such as influenza subtype H1, H3, HS, North American H7,

5  BEuropean H7 or Asian H9. Such primers are specific for one influenza subtype, for example
specific for an influenza HA sequence that is subtype specific, such as an H1, H3, H5, North
American H7, European H7 or Asian H9 HA nucleic acid sequence. Subtype specific
primers can be used to amplify sequences specific to the various influenza subtypes. In one
example, a primer that is subtype specific for influenza subtype H1 is not subtype specific

10 for influenza subtype H3, H5, H7 (North American or European), or Asian H9. A primer
that is subtype specific for influenza subtype H3 is not subtype specific for influenza
subtype H1, H5, H7 (North American or European), or Asian H9. A primer that is subtype
specific for influenza subtype H5 is not subtype specific for influenza subtype H1, H3, H7
(North American or European), or Asian H9. A primer that is subtype specific for influenza

15  subtype North American H7 is not subtype specific for influenza subtype H1, H3, H5,
European H7, or Asian H9. A primer that is subtype specific for influenza subtype
European H7 is not subtype specific for influenza subtype H1, H3, H5, North American H7,
or Asian H9. A primer that is subtype specific for influenza subtype Asian H9 is not
subtype specific for influenza subtype Hl1, H3, H5, or H7 (North American or European).

20  To put it another way a nucleic acid primer that specifically hybridizes to an influenza
subtype H1 nucleic acid does not hybridize to an influenza subtype H3 or any other subtype
nucleic acid, such nucleic acids would be type specific primers for influenza type H1. One
of skill in the art would understand that this trend holds for the other subtype specific
primers.

25 In some embodiments, the primer is specific for an influenza subtype H1 sequence,
such as the nucleic acid sequence set forth as SEQ ID NO:44. In a specific example, a
primer specific for an influenza subtype HI1 nucleic acid includes a nucleic acid sequence at
least 95% identical to SEQ ID NO:9 or SEQ ID NO:10. In some examples, the primer is
specific for an influenza subtype H3 sequence, such as the nucleic acid sequence set forth as

30 SEQ ID NO:45. In a specific example, a primer specific for an influenza subtype H3
nucleic acid includes a nucleic acid sequence at least 95% identical to SEQ ID NO:12 or
SEQ ID NO:13. In some examples, the primer is specific for an influenza subtype H5
sequence, such as the nucleic acid sequence set forth as SEQ ID NQO:46. In a specific
example, a primer specific for an influenza subtype H5 nucleic acid includes a nucleic acid

35  sequence at least 95% identical to SEQ ID NO:17 or SEQ ID NO:18. In a specific example,
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35 119 Asi an 119 Forward Prinmer CAA GCT GGA AT

AAC TEA CA 36 Asian 119 Reverse Prinmer GCA TCT GgATgéARGG
THO RPHBHAS CAT 37 Asian H9 Probe' CCC AGA ACAPEHES2AG(H0IAG
CAA ACC CCA TM 38 RNP RNP Forward Prinmer AGA TTT GGA
CCT GCG AGC G 39 RNP Reverse Prinmer GAG COG CTG TCT CCA
CAA GT 40 RNP Probe' TIC TGA CCT GALA GGC TCT GCG CG 41
Were K=Gor T; S=Gor CR=Aor G Y=Tor C Xl =
or no nucl _eoti de; X2 = C or no nucl eotide; and X3 :’G or
no nucl eotide. | TAQVANS probes were | abeled at the 5 -end
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In certain examples, the pair of primers is specific for the amplification of an

influenza type A nucleic acid and includes a forward primer at least 95% identical to SEQ
ID NO:3 and a reverse primer at least 95% identical to SEQ ID NO:4. In other examples,
25  the pair of primers is specific for the amplification of an influenza subtype H1 and includes
a forward primer at least 95% identical to SEQ ID NO:9 and a reverse primer at least 95%
identical to SEQ ID NO:10. In other examples, the pair of primers is specific for the
amplification of an influenza subtype H3 and includes a forward primer at least 95%
identical to SEQ ID NO:12 and a reverse primer at least 95% identical to SEQ ID NO:13.
30 In other examples, the pair of primers is specific for the amplification of an influenza
subtype H5 and includes a forward primer at least 95% identical to SEQ ID NO:17 and a
reverse primer at least 95% identical to SEQ ID NO:18. In other examples, the pair of
primers is specific for the amplification of an influenza subtype H5 and includes a forward
primer at least 95% identical to SEQ D NO:22 and a reverse primer at least 95% identical
35  to SEQ ID NO:23. In other examples, the pair of primers is specific for the amplification of
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influenza viral type and/or subtype.
Also provided by the present application are probes and primers that include
variations to the nucleotide sequences shown in any of SEQ ID NOS:3-38, as long as such
25  variations permit detection of the influenza nucleic acid, such as an influenza type or
subtype. For example, a probe or primer can have at least 95% sequence identity such as at
least 96%, at least 97%, at least 98%, at least 99% to a nucleic acid consisting of the
sequence shown in any of SEQ ID NOS:3-38. In such examples, the number of nucleotides
does not change, but the nucleic acid sequence shown in any of SEQ ID NOS:3-38 can vary
30 ata few nucleotides, such as changes at 1, 2, 3, or 4 nucleotides, for example by changing
the nucleotides as shown in the tables presented in FIGs. 9-17.
The present application also provides probes and primers that are slightly longer or
shorter than the nucleotide sequences shown in any of SEQ ID NOS:3-38, as long as such
deletions or additions permit detection of the desired influenza nucleic acid, such as an

35 influenza type or subtype. For example, a probe can include a few nucleotide deletions or
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Detection and Identification of Influenza

10 A major application of the influenza virus specific primers and probes disclosed
herein is for the detection, typing and subtyping of influenza viruses in a sample, such as a
biological sample obtained from a subject that has or is suspected of having an influenza
infection. Thus, the disclosed methods can be used to diagnose if a subject has an influenza
infection and/or discriminate between the viral type and/or subtype the subject is infected

15 with.

Methods for the detection of influenza nucleic acids are disclosed, for example to
determine if a subject is infected with an influenza virus. Methods also are provided for
determining the type and/or subtype of the influenza viral nucleic acid, for example to
determine the type and/or subtype of influenza virus a subject is infected with.

20 The methods described herein may be used for any purpose for which detection of
influenza is desirable, including diagnostic and prognostic applications, such as in
laboratory and clinical settings. Appropriate samples include any conventional
environmental or biological samples, including clinical samples obtained from a human or
veterinary subject, such as a bird. Suitable samples include all biological samples useful for

25  detection of viral infection in subjects, including, but not limited to, cells, tissues (for
example, lung, liver and kidney), bone marrow aspirates, bodily fluids (for example, blood,
serum, urine, cerebrospinal fluid, bronchoalveolar levage, tracheal aspirates, sputum,
nasopharyngeal aspirates, oropharyngeal aspirates, saliva), eye swabs, cervical swabs,
vaginal swabs, rectal swabs, stool, and stool suspensions. Particularly suitable samples

30 include samples obtained from bronchoalveolar levage, tracheal aspirates, sputum,
nasopharyngeal aspirates, oropharyngeal aspirates, or saliva. Standard techniques for
acquisition of such samples are available. See for example, Schluger et al., J. Exp. Med.
176:1327-33 (1992); Bigby et al., Am. Rev. Respir. Dis. 133:515-18 (1986); Kovacs et al.,
NEJM 318:589-93 (1988); and Ognibene et al., Am. Rev. Respir. Dis. 129:929-32 (1984).
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Detecting an influenza nucleic acid in a sample involves contacting the sample with
at least one of the influenza specific probes disclosed herein that is capable of hybridizing to
an influenza virus nucleic acid under conditions of very high stringency (such as a nucleic
acid probe capable of hybridizing under very high stringency conditions to an influenza
nucleic acid sequence set forth as SEQ ID NOS:42-50, for example a nucleic acid sequence
at least 95% identical to the nucleotide sequence set forth as one of SEQ ID NO:8, SEQ ID
NO:11, SEQ ID NO:14, SEQ ID NO:19, SEQ ID NO:24, SEQ ID NO:29, SEQ ID NO:32,
SEQ ID NO:35, and SEQ ID NO:38), and detecting hybridization between the influenza
virus nucleic acid and the probe. Detection of hybridization between the probe influenza
nucleic acid indicates the presence of the influenza nucleic acid in the sample.

By using influenza type specific probes, the disclosed methods can be used to detect
the presence of influenza types in the sample. For example, by contacting the sample with
an influenza type A specific probe, such as a probe capable of hybridizing under very high
stringency conditions to an influenza nucleic acid sequence set forth as SEQ ID NO:42, for
example a nucleic acid sequence of at least 95% identical to SEQ ID NO:8, and detecting
the hybridization of the influenza type A specific probe to the influenza nucleic acid, the
presence of influenza type A is detected. Alternatively, contacting the sample with a probe
specific for an influenza type B nucleic acid, such as a probe capable of hybridizing under
very high stringency conditions to an influenza nucleic acid sequence set forth as SEQ ID
NO:43, for example a nucleic acid sequence of at least 95% identical to SEQ ID NO:29, and
detecting the hybridization between the probe and the influenza nucleic acid indicates
influenza type B is present. Thus, these disclosed methods can be used discriminate
between the presence of influenza type A or type B in a sample.

The influenza subtype specific probes disclosed herein can be used to detect the
presence of and discriminate between influenza subtypes in a sample. For example,
contacting a sample with a probe specific for influenza subtype Hl, such as a probe capable
of hybridizing under very high stringency conditions to an influenza nucleic acid sequence
set forth as SEQ D NO:44, for example a nucleic acid at least 95% identical to the
nucleotide sequence set forth as SEQ ID NO:11, and detecting the hybridization between the
probe and the influenza nucleic acid indicates that influenza subtype H1 is present. In .
another example, contacting a sample with a probe specific for influenza subtype H3, such
as a probe capable of hybridizing under very high stringency conditions to an influenza
nucleic acid sequence set forth as SEQ ID NO:45, for example a nucleic acid at least 95%
identical to the nucleotide sequence set forth as SEQ ID NO: 14, and detecting the

hybridization between the probe and the influenza nucleic acid indicates the presence of
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influenza subtype H3. In another example, contacting a sample with a probe specific for
influenza subtype H5, such as a probe capable of hybridizing under very high stringency
conditions to an influenza nucleic acid sequence set forth as SEQ ID NO:46, for example a
nucleic acid at least 95% identical to the nucleotide sequence set forth as SEQ ID NO:19,
and detecting the hybridization between the probe and the influenza nucleic acid indicates
the presence of influenza subtype H5. In another example, contacting a sample with a probe
specific for influenza subtype H5, such as a probe capable of hybridizing under very high
stringency conditions to an influenza nucleic acid sequence set forth as SEQ ID NO:47, for
example a nucleic acid at least 95% identical to the nucleotide sequence set forth as SEQ ID
NO:24, and detecting the hybridization between the probe and the influenza nucleic acid
indicates the presence of influenza subtype H5. In another example, contacting a sample
with a probe specific for influenza subtype North American H7, such as a probe capable of
hybridizing under very high stringency conditions to an influenza nucleic acid sequence set
forth as SEQ ID NO:48, for example a nucleic acid at least 95% identical to the nucleotide
sequence set forth as SEQ ID NO:32, and detecting the hybridization between the probe and
the influenza nucleic acid indicates the presence of influenza subtype North American H7.
In yet another example, contacting a sample with a probe specific for influenza subtype
European H7, such as a probe capable of hybridizing under very high stringency conditions
to an influenza nucleic acid sequence set forth as SEQ ID NO:49, for example a nucleic acid
at least 95% identical to the nucleotide sequence set forth as SEQ ID NO:35, and detecting
the hybridization between the probe and the influenza nucleic acid indicates the presence of
influenza subtype European H7. In still another example, contacting a sample with a probe
specific for influenza subtype Asian H9, such as a probe capable of hybridizing under very
high stringency conditions to an influenza nucleic acid sequence set forth as SEQ ID NO:50,
for example a nucleic acid at least 95% identical to the nucleotide sequence set forth as SEQ
ID NO:38, and detecting the hybridization between the probe and the influenza nucleic acid
indicates the presence of influenza subtype Asian H9.

In some embodiments, detecting the presence of an influenza nucleic acid sequence
in a sample includes the extraction of influenza RNA. RNA extraction relates to releasing
RNA from a latent or inaccessible form in a virion, cell or sample and allowing the RNA to
become freely available. In such a state, it is suitable for effective detection and/or
amplification of the influenza nucleic acid. Releasing RNA may include steps that achieve
the disruption of virions containing viral RNA, as well as disruption of cells that may harbor
such virions. Extraction of RNA is-generally carried out under conditions that effectively

exclude or inhibit any ribonuclease activity that may be present. Additionally, extraction of
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RNA may include steps that achieve at least a partial separation of the RNA dissolved in an
aqueous medium from other cellular or viral components, wherein such components may be
either particulate or dissolved.

One of ordinary skill in the art will know suitable methods for extracting RNA from
a sample; such methods will depend upon, for example, the type of sample in which the
influenza RNA is found. For example, the RNA may be extracted using guanidinium
isothiocyanate, such as the single-step isolation by acid guanidinium isothiocyanate-phenol-
chloroform extraction of Chomczynski et al. (Anal. Biochem. 162:156-59, 1987). The
sample can be used directly or can be processed, such as by adding solvents, preservatives,
buffers, or other compounds or substances. Viral RNA can be extracted using standard
methods. For instance, rapid RNA preparation can be performed using a commercially
available kit (such as the Roche MagNA Pure Compact Nucleic Acid Isolation Kit ],
QIAAMP® Viral RNA Mini Kit, QLAAMP® MinElute Virus Spin Kit or RNEASY® Mini
Kit (QIAGEN); NUCLISENS® NASBA Diagnostics (bioMérieux); MASTERPURE™
Complete DNA and RNA Purification Kit (EPICENTRE). Alternatively, an influenza
virion may be disrupted by a suitable detergent in the presence of proteases and/or inhibitors
of ribonuclease activity. Additional exemplary methods for extracting RNA are found, for
example, in World Health Organization, Manual for the virological investigation of polio,
World Health Organization, Geneva, 2001.

In some embodiments, the probe is detectably labeled, either with an isotopic or
non-isotopic label; in alternative embodiments, the influenza nucleic acid is labeled. Non-
isotopic labels can, for instance, comprise a fluorescent or luminescent molecule, or an
enzyme, co-factor, enzyme substrate, or hapten. The probe is incubated with a single-
stranded or double-stranded preparation of RNA, DNA, or a mixture of both, and
hybridization determined. In some examples the hybridization results in a detectable change
in signal such as in increase or decrease in signal, for example from the labeled probe.
Thus, detecting hybridization comprises detecting a change in signal from the labeled probe
during or after hybridization relative to signal from the label before hybridization.

In some embodiments, influenza nucleic acids present in a sample are amplified
prior to using a hybridization probe for detection. For instance, it can be advantageous to
amplify a portion of the influenza nucleic acid, then detect the presence of the amplified
influenza nucleic acid. For example, to increase the number of nucleic acids that can be
detected, thereby increasing the signal obtained. Influenza specific nucleic acid primers can
be used to amplify a region that is at leas.t about 50, at least about 60, at least about 70, at
Jeast about 80 at least about 90, at least about 100, at least about 200, or more base pairs in
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length to produce amplified influenza specific nucleic acids. Any nucleic acid amplification
method can be used to detect the presence of influenza in a sample. In one specific, non-
limiting example, polymerase chain reaction (PCR) is used to amplify the influenza nucleic
acid sequences. In other specific, non-limiting examples, real-time PCR, reverse

5  transcriptase-polymerase chain reaction (RT-PCR), real-time reverse transcriptase-
polymerase chain reaction (rt RT-PCR), ligase chain reaction, or transcription-mediated
amplification (TMA) is used to amplify the influenza nucleic acid. Ina specific example,
the influenza virus nucleic acid is amplified by rt RT-PCR. Techniques for nucleic acid
amplification are well-known to those of skill in the art.

10 Typically, at least two primers are utilized in the amplification reaction, however it
is envisioned that one primer can be utilized, for example to reverse transcribe a single
stranded nucleic acid such as a single-stranded influenza RNA. Amplification of the
influenza nucleic acid involves contacting the influenza nucleic acid with one or more
primers that are capable of hybridizing to and directing the amplification of an influenza

15  nucleic acid (such as a nucleic acid capable of hybridizing under very high stringency
conditions to an influenza nucleic acid set forth as SEQ NO:42-50, for example a primer
that is least 95% identical to the nucleotide sequence set forth as one of SEQ ID NO:8, SEQ
ID NO:11, SEQ ID NO:14, SEQ ID NO:19, SEQ ID NO:24, SEQ ID NO:29, SEQID
NO:32, SEQ ID NO:35, and SEQ ID NO:38). In some embodiments, the sample is

20  contacted with at least one primer that is specific for an influenza type or subtype, such as
those disclosed herein.

In some embodiments, the sample is contacted with at least one pair of primers that
include a forward and reverse primer that both hybridize to an influenza nucleic acid
specific for an influenza viral type and or subtype, such as influenza type A, type B, subtype

25 H3, H5, H7(North American or European), or Asian H9. Examples of suitable primer pairs
for the amplification of influenza type and/or subtype specific nucleic acids are described
above.

Any type of thermal cycler apparatus can be used for the amplification of the
influenza nucleic acids and/or the determination of hybridization. Examples of suitable

30  apparatuses include a PTC-100® Peltier Thermal Cycler (MJ Research, Inc.; San Francisco,
CA), a ROBOCYCLER® 40 Temperature Cycler (Stratagene; La Jolla, CA), or a
GENEAMP® PCR System 9700 (Applied Biosystems; Foster City, CA). For real-time
PCR, any type of real-time thermocycler apparatus can be used. For example, a BioRad
iCycler iQTM, LIGHTCYCLER™ (Roche; Mannheim, Germany), a 7700 Sequence

35 Detector (Perlf.in Elmer/Applied Biosystems; Foster City, CA), ABI™ systems such as the
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7000, 7500, 7700, or 7900 systems (Applied Biosystems; Foster City, CA), or an
MX4000™, MX3000™ or MX3005(tm) (Stratagene; La Jolla, CA), and Cepheid
SMARTCYCLER™ can by used to amplify nucleic acid sequences in real-time.

The amplified influenza nucleic acid, for example an influenza type or subtype

. specific nucleic acid, can be detected in real-time, for example by real-time PCR such as

real-time RT-PCR, in order to determine the presence, the identity, and/or the amount of an
influenza type or subtype specific nucleic acid in a sample. In this manner, an amplified
nucleic acid sequence, such as an amplified influenza nucleic acid sequence, can be detected
using a probe specific for the product amplified from the influenza sequence of interest,
such as an influenza sequence that is specific for influenza type A, type B, subtype H1, H3,
HS, North America H7, European H7, and Asian H9. Detecting the amplified product
includes the use of labeled probes that are sufficiently complementary and hybridize to the
amplified nucleic acid sequence. Thus, the presence, amount, and/or identity of the
amplified product can be detected by hybridizing a labeled probe, such as a fluorescently
labeled probe, complementary to the amplified product. In one embodiment, the detection
of a target nucleic acid sequence of interest includes the combined use of PCR amplification
and a labeled probe such that the product is measured using real-time RT-PCR. In another
embodiment, the detection of an amplified target nucleic acid sequence of interest includes
the transfer of the amplified target nucleic acid to a solid support, such as a blot, for
example a Northern blot, and probing the blot with a probe, for example a labeled probe,
that is complementary to the amplified target nucleic acid sequence. In yet another
embodiment, the detection of an amplified target nucleic acid sequence of interest includes
the hybridization of a labeled amplified target nucleic acid to probes disclosed herein that
are an arrayed in a predetermined array with an addressable location and that are
complementary to the amplified target nucleic acid.

In one embodiment, the fluorescently-labeled probes rely upon fluorescence
resonance energy transfer (FRET), or in a change in the fluorescence emission wavelength
of a sample, as a method to detect hybridization of a DNA probe to the amplified target
nucleic acid in real-time. For example, FRET that occurs between fluorogenic labels on
different probes (for example, using HybProbes) or between a fluorophore and a non-
fluorescent quencher on the same probe (for example, using a molecular beacon or a
TAQMAN® probe) can identify a probe that specifically hybridizes to the DNA sequence
of interest and in this way, using Influenza type and/or subtype specific probes, can detect
the presence, identity, and/or amount of an influenza type and/or subtype in a sample. In

one embodiment, the fluorescently-labeled DNA probes used to identify amplification
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products have spectrally distinct emission wavelengths, thus allowing them to be
distinguished within the same reaction tube.

In another embodiment, a melting curve analysis of the amplified target nucleic acid
can be performed subsequent to the amplification process. The Ty, of a nucleic acid
sequence depends on the length of the sequence and its G/C content. Thus, the
identification of the T, for a nucleic acid sequence can be used to identify the amplified

nucleic acid.

Influenza Profiling Arrays

An array containing a plurality of heterogeneous probes for the detection, typing,
and/or subtyping of influenza viruses are disclosed. Such arrays may be used to rapidly
detect and/or identify the type and/or subtype of an influenza virus in a sample. For
example the arrays can be used to determine the presence of influenza A or influenza B in a
sample and to determine if the influenza virus is of subtype H1, H3, H5, H7(North
American or European), or Asian H9.

Arrays are arrangements of addressable locations on a substrate, with each address
containing a nucleic acid, such as a probe. In some embodiments, each address corresponds
to a single type or class of nucleic acid, such as a single probe, though a particular nucleic
acid may be redundantly contained at multiple addresses. A “microarray” is a miniaturized
array requiring microscopic examination for detection of hybridization. Larger
“macroarrays” allow each address to be recognizable by the naked human eye and, in some
embodiments, a hybridization signal is detectable without additional magnification. The
addresses may be labeled, keyed to a separate guide, or otherwise identified by location.

In some embodiments, an influenza profiling array is a collection of separate probes
at the array addresses. The influenza profiling array is then contacted with a sample
suspected of containing influenza nucleic acids under conditions allowing hybridization
between the probe and nucleic acids in the sample to occur. Any sample potentially
containing, or even suspected of containing, influenza nucleic acids may be used, including
nucleic acid extracts, such as amplified or non-amplified DNA or RNA preparations. A
hybridization signal from an individual address on the array indicates that the probe
hybridizes to a nucleotide within the sample. This system permits the simultaneous analysis
of a sample by plural probes and yields information identifying the influenza nucleic acids
contained within the sample. In alternative embodiments, the array contains influenza

nucleic acids and the array is contacted with a sample containing a probe. In any such
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embodiment, either the probe or the influenza nucleic acids may be labeled to facilitate
detection of hybridization.

The nucleic acids may be added to an array substrate in dry or liquid form. Other
compounds or substances may be added to the array as well, such as buffers, stabilizers,
reagents for detecting hybridization signal, emulsifying agents, or preservatives.

In certain examples, the array includes one or more molecules or samples occurring
on the array a plurality of times (twice or more) to provide an added feature to the array,
such as redundant activity or to provide internal controls.

Within an array, each arrayed nucleic acid is addressable, such that its location may
be reliably and consistently determined within the at least the two dimensions of the array
surface. Thus, ordered arrays allow assignment of the location of each nucleic acid at the
time it is placed within the array. Usually, an array map or key is provided to correlate each
address with the appropriate nucleic acid. Ordered arrays are often arranged ina
symmetrical grid pattern, but nucleic acids could be arranged in other patterns (for example,
in radially distributed lines, a “spokes and wheel” pattern, or ordered clusters). Addressable
arrays can be computer readable; a computer can be programmed to correlate a particular
address on the array with information about the sample at that position, such as
hybridization or binding data, including signal intensity. In some exemplary computer
readable formats, the individual samples or molecules in the array are arranged regularly
(for example, in a Cartesian grid pattern), which can be correlated to address information by
a computer.

An address within the array may be of any suitable shape and size. In some
embodiments, the nucleic acids are suspended in a liquid medium and contained within
square or rectangular wells on the array substrate. However, the nucleic acids may be
contained in regions that are essentially triangular, oval, circular, or irregular. The overall
shape of the array itself also may vary, though in some embodiments it is substantially flat
and rectangular or square in shape.

Influenza profiling arrays may vary in structure, composition, and intended
functionality, and may be based on either a macroarray or a microarray format, or a
combination thereof. Such arrays can include, for example, at least 10, at least 25, at least
50, at least 100, or more addresses, usually with a single type of nucleic acid at each
address. In the case of macroarrays, sophisticated equipment is usually not required to
detect a hybridization signal on the array, though quantification may be assisted by standard
scanning and/or quantification techniques and equipment. Thus, macroarray analysis as

described herein can be carried out in most hospitals, agricultural and medial research
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laboratories, universities, or other institutions without the need for investment in specialized
and expensive reading equipment.

Examples of substrates for the arrays disclosed herein include glass (e.g.,
functionalized glass), Si, Ge, GaAs, GaP, SiO,, SiN,, modified silicon nitrocellulose,
polyvinylidene fluoride, polystyrene, polytetrafluoroethylene, polycarbonate, nylon, fiber,
or combinations thereof. Array substrates can be stiff and relatively inflexible (for example
glass or a supported membrane) or flexible (such as a polymer membrane). One
commercially available product line suitable for probe arrays described herein is the
Microlite line of MICROTITER® plates available from Dynex Technologies UK
(Middlesex, United Kingdom), such as the Microlite 1+ 96-well plate, or the 384 Microlite+
384-well plate.

Addresses on the array should be discrete, in that hybridization signals from
individual addresses can be distinguished from signals of neighboring addresses, either by
the naked eye (macroarrays) or by scanning or reading by a piece of equipment or with the
assistance of a microscope (microarrays).

Addresses in an array may be of a relatively large size, such as large enough to
pérmit detection of a hybridization signal without the assistance of a microscope or other
equipment. Thus, addresses may be as small as about 0.1 mm across, with a separation of
about the same distance. Alternatively, addresses may be about 0.5, 1, 2,3,5,7,0r 10 mm
across, with a separation of a similar or different distance. Larger addresses (larger than 10
mm across) are employed in certain embodiments. The overall size of the array is generally
correlated with size of the addresses (for example, larger addresses will usually be found on
larger arrays, while smaller addresses may be found on smaller arrays). Such a correlation
is not necessary, however.

The arrays herein may be described by their densities (the number of addresses in a
certain specified surface area). For macroarrays, array density may be about one address per
square decimeter (or one address ina 10 cm by 10 cm region of the array substrate) to about
50 addresses per square centimeter (50 targets within a 1 cm by 1 cm region of the
substrate). For microarrays, array density will usually be one or more addresses per square
centimeter, for instance, about 50, about 100, about 200, about 300, about 400, about 500,
about 1000, about 1500, about 2,500, or more addresses per square centimeter.

The use of the term “array” includes the arrays found in DNA microchip
technology. As one, non-limiting example, the probes could be contained on a DNA
microchip similar to the GENECHIP® products and related products commercially
available from Affymetrix, Inc. (Santa Clara, CA). Briefly, a DNA microchip is a
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miniaturized, high-density array of probes on a glass wafer substrate. Particular probes are
selected, and photolithographic masks are designed for use in a process based on solid-phase
chemical synthesis and photolithographic fabrication techniques similar to those used in the
semiconductor industry. The masks are used to isolate chip exposure sites, and probes are
chemically synthesized at these sites, with each probe in an identified location within the
array. After fabrication, the array is ready for hybridization. The probe or the nucleic acid
within the sample may be labeled, such as with a fluorescent label and, after hybridization,

the hybridization signals may be detected and analyzed.

Kits
The nucleic acid primers and probes disclosed herein can be supplied in the form of
a kit for use in the detection, typing, and/or subtyping of influenza, including kits for any of
the arrays described above. In such a kit, an appropriate amount of one or more of the
nucleic acid probes and or primers is provided in one or more containers or held on a

substrate. A nucleic acid probe and/or primer may be provided suspended in an aqueous

solution or as a freeze-dried or lyophilized powder, for instance. The container(s) in which

the nucleic acid(s) are supplied can be any conventional container that is capable of holding

the supplied form, for instance, microfuge tubes, ampoules, or bottles. The kits can include

either labeled or unlabeled nucleic acid probes for use in detection, typing, and subtyping of
influenza nucleoti(ie sequences.

In some applications, one or more primers (as described above), such as pairs of
primers, may be provided in pre-measured single use amounts in individual, typically
disposable, tubes or equivalent containers. With such an arrangement, the sample to be
tested for the presence of influenza nucleic acids can be added to the individual tubes and
amplification carried out directly.

The amount of nucleic acid primer supplied in the kit can be any appropriate
amount, and may depend on the target market to which the product is directed. For
instance, if the kit is adapted for research or clinical use, the amount of each nucleic acid
primer provided would likely be an amount sufficient to prime several PCR amplification
reactions. General guidelines for determining appropriate amounts may be found in Innis ez
al., Sambrook et al., and Ausubel et al. A kit may include more than two primers in order to
facilitate the PCR amplification of a larger number of influenza nucleotide sequences.

In some embodiments, kits also may include the reagents necessary to carry out

PCR amplification reactions, including DNA sample preparation reagents, appropriate
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buffers (such as polymerase buffer), salts (for example, magnesium chloride), and
deoxyribonucleotides (ANTPs).

One or more control sequences for use in the PCR reactions also may be supplied in
the kit (for example, for the detection of human RNAse P).

Particular embodiments include a kit for detecting and typing and/or subtyping an
influenza nucleic acid based on the arrays described above. Such a kit includes at least one
probe specific for an influenza nucleic acid (as described above) and instructions. A kit may
contain more than one different probe, such as 2, 3,4, 5, 6,7, 8,9, 10, 11, 12, 13, 14, 15, 20,
25, 50, 100, or more probes. The instructions may include directions for obtaining a sample,
processing the sample, preparing the probes, and/or contacting each probe with an aliquot of
the sample. In certain embodiments, the kit includes an apparatus for separating the
different probes, such as individua) containers (for example, microtubules) or an array
substrate (such as, a 96-well or 384-well microtiter plate). In particular embodiments, the
kit includes prepackaged probes, such as probes suspended in suitable medium in individual
containers (for example, individually sealed EPPENDORF® tubes) or the wells of an array
substrate (for example, a 96-well microtiter plate sealed with a protective plastic film). In
other particular embodiments, the kit includes equipment, reagents, and instructions for

extracting and/or purifying nucleotides from a sample.

Synthesis of Oligonucleotide Primers and Probes

In vitro methods for the synthesis of oligonucleotides are well known to those of.
ordinary skill in the art; such methods can be used to produce primers and probes for the
disclosed methods. The most common method for in vitro oligonucleotide synthesis is the
phosphoramidite method, formulated by Letsinger and further developed by Caruthers
(Caruthers et al., Chemical synthesis of deoxyoligonucleotides, in Methods Enzymol.
154:287-313, 1987). This is a non-aqueous, solid phase reaction carried out in a stepwise
manner, wherein a single nucleotide (or modified nucleotide) is added to a growing
oligonucleotide. The individual nucleotides are added in the form of reactive 3°-
phosphoramidite derivatives. See also, Gait (Ed.), Oligonucleotide Synthesis. 4 practical
approach, IRL Press, 1984,

In general, the synthesis reactions proceed as follows: A dimethoxytrityl or
equivalent protecting group at the 5> end of the growing oligonucleotide chain is removed
by acid treatment. (The growing chain is anchored by its 3° end to a solid support such as a
silicon bead.) The newly liberated 5’ end of the oligonuclectide chain is coupled to the 3°-

phosphoramidite derivative of the next deoxynucleotide to be added to the chain, using the
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coupling agent tetrazole. The coupling reaction usually proceeds at an efficiency of
approximately 99%; any remaining unreacted 5’ ends are capped by acetylation so as to
block extension in subsequent couplings. Finally, the phosphite triester group produced by
the coupling step is oxidized to the phosphotriester, yielding a chain that has been
lengthened by one nucleotide residue. This process is repeated, adding one residue per
cycle. See, for example, U.S. Patent Nos. 4,415,732, 4,458,066, 4,500,707, 4,973,679, and
5,132,418. Oligonucleotide synthesizers that employ this or similar methods are available
commercially (for example, the PolyPlex oligonucleotide synthesizer from Gene Machines,
San Carlos, CA). In addition, many companies will perform such synthesis (for example,
Sigma-Genosys, The Woodlands, TX; Qiagen Operon, Alameda, CA; Integrated DNA
Technologies, Coralville, IA; and TriLink BioTechnologies, San Diego, CA).

The following examples are provided to illustrate particular features of certain
embodiments. However, the particular features described below should not be construed as
limitations on the scope of the invention, but rather as examples from which equivalents will

be recognized by those of ordinary skill in the art.

EXAMPLES
Example 1
Sample Collection and Preparation

This example describes exemplary procedures for the collection and preparation of
samples for the determination of the presence of influenza nucleic acids.

Samples obtained from the respiratory tract were collected either as
broncheoalveolar lavage, tracheal aspirates, sputum, nasopharyngeal or oropharyngeal
aspirates or washes, or nasopharyngeal or oropharyngeal swabs. Swabs were collected
using swabs with a DACRON® tip and an aluminum or plastic shaft. For specific viral
isolates, viruses were propagated in either MDCK cells or embryonated chicken eggs. For
validation of the primers and probes disclosed herein the following viral isolates were used:
X31 (H3N2)(Aichi/2/68 x PRS reassortant), A/Panama/2007/99 (H3N2), A/New
Caledonia/20/99 (HIN1), A/Vietnam/1203/2003 (H5N1), A/HongKong/1203/99 (H9N2),
A/Netherlands/219/2003 (H7N7), A/New York/5295/2003 (H7N2) and B/Hong
Kong/330/2001. Samples were refrigerated or frozen prior to nucleic acid extraction. Viral
RNA was extracted from the samples using the QLAAMP® Viral RNAEASY™ Mini Kit
available from QIAGEN® (Valencia, CA) according to the manufacturer’s

recommendations.
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Example 2
Selection of Probe/Primer Sets

This example describes the rational and procedures used to design probes and
primers for the detection, typing and subtyping of influenza virus.

Oligonucleotide primers and probes for universal detection of influenza type A and
influenza type B influenza viruses were selected from highly conserved (consensus) regions
of the M and NS genes, respectively, based on nucleotide alignments of all available
sequence data from GENBANK® database of National Centers for Biological Information,
NIH (NCBI) and the Influenza Sequence Database of Los Alamos National Laboratories
(LANL). Similarly, primers and probes specific for the hemagglutinin (HA) gene of
modern human H1, H3, Asian avian H5, North American avian H7, European avian H7 and
Asian avian H9 viruses were designed. Because of the pandemic potential of influenza
subtype Asian avian H5, two redundant primer and probe set were designed to detect this
influenza subtype. The consensus sequence for the region of the influenza type A M gene
used for the design of probes and primers specific for influenza type A is given in the table
shown in FIG. 9. The consensus sequence for the region of the influenza type B NS gene
used for the design of probes and primers specific for influenza type B is given in the table
shown in FIG. 10. The consensus sequences for the region of the influenza subtype Hl HA
gene used for the design of probes and primers specific for influenza subtype H1 is given in
the table shown in FIG. 11. The consensus sequences for the region of the influenza
subtype H3 HA gene used for the design of probes and primers specific for influenza
subtype H3 is given in the table shown in FIG. 12. The consensus sequence for a region of
the influenza subtype H5 HA gene used for the design of probes and primers specific for
influenza t subtype HS5 is given in the table shown in FIG. 13. The consensus sequence for a
region of the influenza subtype H5 HA gene used for the design of probes and primers
specific for influenza subtype H5 is given in the table shown in FIG. 14. The consensus
sequence for the region of the influenza subtype North American H7 HA gene used for the
design of probes and primers specific for influenza subtype North American H7 is given in
the table shown in FIG. 15. The consensus sequence for the region of the influenza subtype
European H7 HA gene used for the design of probes and primers specific for influenza
subtype European H7 is given in the table shown in FIG. 16. The consensus sequence for
the region of the influenza subtype Asian H9 HA gene used for the design of probes and
primers specific for influenza subtype Asian H9 is given in the table shown in FIG. 17.
With reference to FIGS. 9-17 the consensus sequence for the influenza viral type or subtype
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specific nucleic acid is shown at the top of each table. The boxed sequences represent the

positions of exemplary probes and primers disclosed herein. Nucleotide variations for the

indicated influenza viral isolates are shown in the columns below the consensus sequence,

with a dot meaning that the nucleotide present at that position is identical to the consensus
sequence. Inaddition K=GorT;S=GorC;R=AorG:M=AorC:andY=TorC.

In order to avoid loss of reaction performance due to primer-dimer or hairpin loop

formation, primers and probes were evaluated using Software packages
PRIMEREXPRESS® (Applied Biosystems) and BEACON DESIGNER 4.0® (PREMIER

Biosoft International) to predict secondary structures and self-annealing probabilities.

Each primer and probe sequence was subjected to a nucleotide Blast search (NCBI)

against the entire GENBANK® nucleotide database to validate their specificities and avoid

non-specific reactivity. The probe and primers listed in Table 1 were selected for validation
using TAQMAN® chemistry. Primers and dual-labeled TAQMAN® probes (Table 1) were
synthesized by the Biotechnology Core Facility, Centers for Disease Control.

Table 1: Probe and Primer Sets

Sequence SEQ ID NO

Flu A

Flu A Forward Primer GACCRA TCC TGT CACCTCTGA C 3

Flu A Consensus Reverse AGG X |CA TTY TGG ACA AAK CGT 4

Primer CTA X;X3

Flu A Reverse Primer No. 1 AGG GCATTY TGG ACA AAK CGT 5
CTA

Flu A Reverse Primer No. 2 AGG CATTYT GGA CAA AKC GTC 6
TACG

Flu A Reverse Primer No. 3 GGG CATTYT GGA CAA AKC GTC 7
TACG

Flu A Probe’ TGC AGT CCT CGC TCA CTG GGC ACG | 8

H1

H1 Forward Primer AAC TACTAC TGG ACT CTR CTK GAA | 9

H1 Reverse Primer CCATTG GTG CAT TTG AGK TGA TG 10

H1 Probe? TGA YCC AAA GCC "T"CT ACT CAG 11
TGC GAA AGC

H3

H3 Forward Primer AAGCAT TCC YAA TGA CAA ACC 12

H3 Reverse Primer ATT GCR CCR AAT ATG CCT CTA GT 13

H3 Consensus Probe’ CAG SATCACATATGG GSCCTGTCC | 14
CAG

H3 Probe No. 1! CAGGAT CACATATGG GSCCTG TCC | 15
CAG )

H3 Probe No. 2! 16

CAG CAT CAC ATA TGG GSC CTG TCC

CAG

HS primer and probe set a
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Reverse Transcriptase (it RT-PCR) of Sanples

exanpl e descri bes the procedures used for the

determ nati on of the presence of

subtypes in a sanple using rt RT-PCR in a multiwell

for

mat .

SHydr ol ysi s probe (TAQVANS)

i nfl uenza types and

Thi s

it RT-PCR reactions

wer e perfornmed usi ng QUANTI TECTTm Probe One-step RT-PCR

( QLAGENE) and TAQVANE? One-Step RTPCR Master M x (ABI)
Ki t $TRGEEhEE Foiv : Aeg grapTedynFs:
Pri mefimand probe reacti|lagroncentrati ons were 0.8 gM and
0. 2| ¢ivla GoaspasReveesey. ||MOGYTAGIDGARETIOGOCACAGENT 1 1 uge
t ubg®rizver e prepared forl each individual 10prinmer/probe
set | BéadonsenglisPrabeal prlivik STANEGRGAEL TWRTEC WA exed9 and
bri efly centrifuged pri AGA AGH; IAXITHQJA' ILnt o _each
ni ci Bléé‘ﬁ’l’?qef uge t ube wasfg?i\‘;d %%@%& '*At BFCAGART- peR
rmst ICI CI II L LB A 1 7ﬂd fn'
vari ous rea]2 tine PCR [ r]éw E%E%%\GA %’As e‘r% \/\1211§1
pre Jﬂsbl‘,(,‘llm aBH‘ﬂWH)e TNy T tabl Vble er—vix:
HS5 b Consensus Forward GGA ATG YCC CAA ATA YGT GAA 22
Primer RTC AA
H5 b Consensus Reverse CTCCCCTGCTCRTTGCTATGGT 23
Primer
HS5 b Consensus Probe? TAY CCA TAC CAA CCA "T"CT ACC 24
ATT CCCTGC CAT
HS5 b Probe No. 1° TAC CCA TAC CAA CCA "T"CT ACC 25
ATT CCC TGC CAT
Flu B
Flu B Consensus Forward TCCTCA AYT CACTCT TCG AGC G 26
Primer
Flu B Forward Primer No.1 | TCC TCA ACT CAC TCT TCG AGC G 27
Flu B Reverse Primer CGG TGC TCT TGA CCA AAT TGG 28
Flu B Probe' CCA ATT CGA GCA GCT GAA ACT 29
GCG GTG
H7
North America H7 Forward AAA TGC ACA AGG AGA GGG AACTG | 30
Primer '
North America H7 Reverse CATTGCYAC YAA SAGYTC AGCRT 31
Primer
North America H7 Probe? AAA GCA CCC ART C’T”G CAA TAG 32
ATC AGA TCA CAG GC
European H7 Forward GCT TCA GGC ATC AAA ATG CAC 33
Primer AAG G
European H7 Reverse Primer | CAT TGC TAC YAA GAG TTC AGCRT 34
European H7 Probe® ACC ACA CTT CTG TCA "T”GG AAT 35
CTCTGGTCC A
H9 :
Asian H9 Forward Primer CAA GCT GGA ATC TGA RGG AAC 36
TTA CA
Asian H9 Reverse Primer GCA TCT GCA AGA TCC ATT GGA CAT | 37
Asian H9 Probe’ CCC AGA ACA RGA AGG CAG CAA 38
ACCCCATTG
RNP
RNP Forward Primer AGA TTT GGA CCT GCG AGC G 39
RNP Reverse Primer GAG CGG CTG TCT CCA CAA GT 40
RNP Probe’ TTC TGA CCT GAA GGC TCT GCG CG 41

Where K=GorT; S=GorC;R=AorG; Y=T or C; X,=G or no nucleotide; X,=C or
no nucleotide; and X3 = G or no nucleotide. ITAQMAN® probes were labeled at the 5'-end
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ABl Q agen Invitrogen/Bi orad 2X PCR Master Mx N x 12.5
DI Nx 12.5id Nx 12.5 gl RT Mx N x 0.625 id N x 0.25D1
NWO WOBIHISS For war d pri nmer (O & gM final conceRtVEIZGHP3Ne
X 0.5 pl Nx 0.5id Nx 0.5 gl Reverse prinmer (0.8 gM
final concentration) Nx 0.5 DI Nx 0.5 gl Nx 0.5 gl
Probe (02 DM final concentration) Nx 0.5 gl Nx 0.5 Dl

Nl x 0.5 DI Nuclease free water N x 5.375 id Nx 5.75 Dl
Nx 55 id Total volume N x 20.0 id Nx 20.0 iil N x 20.0
gl 15Where N is the nunber of sanples including non
tenplate controls (NTC). For viral tenplate controls

( VTCpitar@ rgposértnoteule GraibokyFlubescei armm) BNAGE R duesbinv, dual
mast Bf Hbi&% Wﬁmﬁm&ﬁﬁﬁ}l&?ﬁv 6§%§etarcg qsch\.ﬁelo%ffsn}ncegovz;(o CA)at

t
DD b s TEAOMARH Trehot o HbRlohet Shotudtvilr i orcbert violteds 6-

wel | Sarmxymoe&cm(mw aall Guenéied @XMl @t Hrhodifit <ar F@Mﬁdwnth QSY® 7
ll;.? gg‘g\% g(?%?rag }’} ge i ﬁ?%%‘g‘_ﬁ%&bd OWG? ;gcgb glso were modlfied at the .
3’-end to prevent extensnon of the probe by Taq polymerase.

The reaction efficiency of the primer sets was individually tested in a set of five-
fold serial dilutions of viral RNA using SYBER green binding to double stranded nucleic
acids as an indicator of amplification. All rt RT-PCR assays for detection and

10 characterization of influenza were designed to achieve reaction efficiencies of
approximately 100%. A reaction efficiency of 100% indicates that a primer set is capable of
achieving a complete doubling of the nucleic acid target sequence in a single round of
amplification. ,

With reference to FIG. SA-5C, the reaction efficiency of the primer set for universal

15  detection of influenza type A was determined by testing against a five-fold serial dilution of
viral RNA. Identical tests were carried out with the primer sets specific for each viral type
and subtype. FIG. 5 A shows the relative fluorescence of SYBER green when bound to
double stranded nucleic acid versus the number of PCR cycles. The individual rt RT-PCR
reactions were subjected to melting curve analysis to confirm that the SYBER green

20  fluorescence was attributable to specific amplification of the influenza A gene target. As
shown in FIG. 5B, all reactions showed double stranded nucleic acid' melting at the same
temperature, indicating specific amplification. Similar melting curve analysis was
performed for all primer sets and demonstrated that the primers were specific for their
specific target influenza nucleic acid sequence. As shown on FIG. 5C, reaction Ct values

25  for the influenza A specific primers were plotted against their relative RNA concentration
and the doubling efficiency (% reaction efficiency) was determined by estimating the slope
using regression analysis. A slope of 3.23 indicates a reaction efficiency of approximately
100%. A reaction efficiency of 100.3 % percent was obtained for the influenza type A
specific primers. All primer sets tested had a reaction efficiency of approximately 100%

30  when subjected to the same analysis.

Following the validation of the reaction specificity and efficiency of the primer sets
the reaction efficiency of the primer/probe sets was validated. Using a five-fold viral
dilutions series the reaction efficiency of the individual influenza type and subtype
primer/probe sets was analyzed. Exemplary data for the analysis of the probe/primer set

35  specific for influenza type A is shown in FIG. 6A and FIG. 6B.
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As shown in FIG. 6A, the reaction efficiency of the primer/probe set for universal
detection of type A influenza was determined by testing against a five-fold serial dilution of
viral RNA. The reaction Ct values were plotted against their relative RNA concentration to
estimate the reaction efficiency using regression analysis (FIG. 6B). Similar test were
carried out on all available primer sets. As shown in Table 2, all of the primer/probe sets
exhibited reaction efficiencies at or near 100%.

Table 2: rt RT-PCT reaction efficiencies.

Efficiency R Squared
Influenza Typing sets
Flu A 100.3% 1.000
Flu B 100.7% 1.000
Influenza Subtyping sets
Human H1 HA 100.1% 0.996
Human H3 HA 99.8% 0.998
Eurasian H5 HA (a) 102.8% 0.998
Eurasian H5 HA (b) 100.3% 0.996
North American Avian H7 94.2% 1.000
HA
Eurasian H7 HA 98.9% 0.994
Asian Avian H9 HA 96.4% 0.995

One of the design criteria for the disclosed primer and probe sets was that they
could be used at a variety of annealing (hybridization) temperatures. Thus, the probe/primer
sets were tested for their ability to perform at a range of annealing temperatures from 50-
62.5°C. FIG .7 shows a plot of the real-time RT-PCR reactivity comparison of the influenza
A primer/probe set with annealing temperatures ranging from 50-62.5°C. In order to
determine the optimal thermocycling conditions, each probe/primer set was similarly tested
with annealing temperatures ranging from 50-62.5°C. All primer/probe sets were designed
to demonstrate comparable reactivity at annealing tem;;eratures ranging from 50-60°C and
exhibited stable Ct values at all temperatures tested (Table 3 and Table 4).

Table 3: Thermal gradient analysis of TAQMAN® primer/probe sets from 50-62,5C.

Tm Flu A Flu B H1 H3 AsHSa

Ct ACt | Ct ACt | Ct ACt | Ct ACt | Ct ACt
50 21.6 0.2 |21.6 -0.1 | 27.1 0.1 25.6 0.0 | 19.3 -0.1
50 214 0 21.9 02 (276 |0.6 25.6 0.0 |19.3 -0.1
51 21.3 -0.1 | 21.8 0.1 [266 |-04 |25.6 0.0 |19.3 -0.1
51 214 0 21.3 -04 | 27.1 0.1 25.6 0.0 |19.2 -0.2
52.5 1212 0.2 | 21.7 00 |264 |[-0.6 |255 -0.1 | 19.3 -0.1
52.5 | 21.5 0.1 21.5 -0.2 | 27.1 0.1 25.5 -0.1 | 19.2 -0.2
54.8 |21.2 -0.2 | 21.8 0.1 |27 0.0 25.6 0.0 |19.2 -0.2
548 | 21.3 0.1 |21.5 -0.2 | 26.9 -0.1 25.5 -0.1 | 19.3 -0.1
58 214 0 21.9 02 |27 0.0 25.7 0.1 19.6 0.2
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58 21.5 0.1 214 -0.3 | 26.9 -0.1 25.6 00 | 194 0.0
603 |214 0 22.2 0.5 | 27.1 0.1 25.7 0.1 19.8 0.4
60.3 | 21.6 0.2 22 03 |27.5 0.5 25.7 0.1 |19.8 0.4
61.7 | 214 0 22.5 0.8 | 274 0.4 26.3 0.7 |20.3 0.9
61.7 | 21.7 0.3 21.9 0.2 |27.9 0.9 26.2 0.6 | 20.3 0.9
62.5 216 0.2 22.3 0.6 | 282 1.2 26.4 0.8 | 204 1.0
62.5 | 21.5 0.1 22.6 09 |274 04 26.7 1.1 | 20.6 1.2
Mean Mean Mean Mean
Mean Ct Ct Ct Ct Ct
214 21.7 27.0 25.6 19.4
NAmH7 EurH7 AsH9 AsHSb
Ct ACt | Ct ACt | Ct ACt | Ct ACt
50 27.3 0.3 25.7 0.1 | 274 |-0.1 20 0.6
50 27.4 0.4 26.2 0.6 {276 0.1 202 0.8
51 27 0.0 25.5 -0.1 | 27.7 0.2 19.7 0.3
51 26.9 -0.1 | 259 03 | 275 0.0 19.8 0.4
52.5 | 26.8 0.2 | 254 -0.2 | 27.6 0.1 19.6 0.2
52.5 | 26.9 -0.1 | 25.7 0.1 |27.6 0.1 19.4 0.0
54.8 |26.5 -0.5 {252 04 |27.6 0.1 19.1 -0.3
54.8 | 26.9 -0.1 {254 -0.2 1273 -0.2 19.2 -0.2
58 26.8 0.2 [ 258 0.2 {276 0.1 18.9 -0.5
58 27.3 0.3 25.1 -0.5 | 27.3 -0.2 19 -0.4
60.3 |27 0.0 26.1 0.5 | 27.2 -0.3 18.8 -0.6
60.3 | 274 0.4 24.7 -0.9 | 274 -0.1 18.9 -0.5
61.7 | 27.6 0.6 26.4 0.8 |27.2 -0.3 19 -0.4
61.7 | 27.6 0.6 24.5 -1.1 | 27.1 -0.4 18.9 -0.5
62.5 |27.7 0.7 25.6 0.0 | 27.1 -0.4 18.7 -0.7
62.5 | 27.4 0.4 24.2 -1.4 1273 -0.2 19 -0.4
Mean Mean Mean
Mean Ct Ct Ct Ct
27.0 25.6 27.5 19.4

Mean Ct = mean of Ct value from reactions with Tm 50-60.0C; ACt= Ct value - Mean Ct

Table 4: Thermal gradient analysis of TAQMAN® primer/probe combined statistics.

FluA [FluB | H1 H3 AsHSa | NAmH7 | EurH7 | AsH9 | AsHSb
Tm | AvACt | AVACt | AvACt | AvACt | AVACt | AvACt | AvACt | AvACt | AvACt
50 0.10 0.03 0.32 0.00 -0.14 0.33 | 0.39 0.02 0.72
51 -0.05 -0.07 -0.18 0.00 -0.14 -0.07 | 0.14 0.12 0.37
52.5 -0.05 -0.12 -0.28 -0.10 -0.14 -0.17 | -0.01 0.12 0.12
54.8 -0.15 -0.07 -0.08 -0.05 -0.14 -0.32 | -0.26 -0.03 -0.23
58 0.05 -0.07 -0.08 0.05 0.11 0.03 | -0.11 -0.03 -0.43
60.3 0.10 0.38 0.27 0.10 0.41 0.18 | -0.16 -0.18 -0.53
61.7 0.15 0.48 0.62 0.65 0.91 0.58 | -0.11 -0.33 -0.43
62.5 0.15 0.73 0.77 0.95 1.11 0.53 | -0.66 -0.28 -0.53
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1-19 H9O HO H9 119 H9 119 1-19 119 G FluB FluB Fl uB Fl uB
FluB FluB Fl uB FluB FluB Fl uB Fl uB FluB H RNP RNP RNP RNP
RN® RERN> RNP RN? RNP RNP RN? - WO PCT/US2007/003646
2007/ 095155PCT/ US2007/ 003646 Fl uA is a priner probe set
specific for influenza A, Hl is a primer probe set
specific for H; 113 is a primer probe set specific for
H3; Hba is a prinmer probe set specific for H5 Hob is a
primer probe set specific for H5; H9 is a primer probe
set specific for H9; FluB is a primer probe set specific
for influenza B; and RNP is a priner probe set specific
for human RNAse 5P. Example 3
Real-time Reverse Transcriptase (rt RT-PCR) of Samples
This example describes the procedures used for the determination of the presence of
influenza types and subtypes in a sample using rt RT-PCR in a multiwell format.
5 Hydrolysis probe (TAQMAN®) rt RT-PCR reactions were performed using
QUANTITECT™ Probe One-step RT-PCR (QIAGEN®) and TAQMAN® One-Step RT-
PCR Master Mix (ABI) kits according to manufacturer’s recommended procedures. Primer
and probe reaction concentrations were 0.8 pM and 0.2 uM, respectively.
Individual 1.5 ml microcentrifuge tubes were prepared for each individual
10  primer/probe set used. Individual primers and probes were vortexed and briefly centrifuged
prior to dispensing. Into each microcentrifuge tube was added 20 microliter rt RT-PCR
master mix, wherein the master mix was optimized for various real time PCR instruments.
The mister mix was prepared as shown in Table 5.

Table 5: Master Mix.

ABI Qiagen Invitrogen/Bi
orad

2X PCR Master Mix Nx12.5 pl Nx12.5ul Nx12.5pl
RT Mix N x 0.625 pl N x 0.25ul Nx 0.5 ul
Forward primer (0.8 pM final N x0.5 ul Nx 0.5 pl Nx 0.5 pl
concentration)

Reverse primer (0.8 uM final N x 0.5 pl Nx 0.5 pl Nx 0.5 pl
concentration)

Probe (0.2 uM final Nx0.5pl Nx 0.5 pl Nx 0.5 pl
concentration)

Nuclease free water N x5.375 pl Nx5.75 pl Nx5.5pl
Total volume Nx200pl | Nx20.0pl N x 20.0 pl

15 Where N is the number of samples including non template controls (NTC). For viral
template controls (VTC) and positive controls for human RNAse P individual mastermixes
were prepared. The reactions were mixed by pipeting up and down, without vortexing.
Twenty microliters of each master mix was added into individual wells of a 96 well plate.
An example of the arrayed format used is shown in Table 6 below:

20  Table 6: Probe/Primer Setup for rt RT-PCR.

1 2 3 4 S 6 7 8 9 10 11 12

FluA | FluA | FluA | FluA | FluA | FluA | FluA | FluA | FluA | FluA | FluA | FluA

H1 H1 HI1 H1 Hl H1 H1 H1 H1 Hl H1 H1

H3 H3 H3 H3 H3 H3 H3 H3 H3 H3 H3 H3

HSa | HS5a |HSa | HS5a | HS5a [HSa [ HSa | H5a | HS5a | H5a [ HS5a | HS5a

H5b |H5b |HSb | H5b | H5b | H5b | H5b | H5b | H5b | H5b | H5b | H5b

H9 H9 H9 H9 H9 H9 H9 H9 H9 H9 HO9 H9

FluB | FluB | FluB | FluB | FluB | FluB | FluB | FluB | FluB | FluB | FluB | FluB

ZQ| e Ow] >

RNP { RNP | RNP | RNP | RNP | RNP | RNP | RNP | RNP | RNP | RNP | RNP
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5 P
RNA Samples of viral unknown as well as the NTC, VTC, and a mock extraction
control were added to the individual wells. NTCs were added first to control for
contamination in the master mix. For NTCs 5 microliters of distilled water was added. Five
microliters of viral unknown was added to each well with the exception of control wells.

10 For positive controls five microliters of viral RNA was added. The mock extraction
controls were added after the samples have been added to control for cross-contamination
during sample preparation or addition. VTCs were added last after all samples and NTCs
were sealed to prevent contamination. An example of the array format used is shown in
Table 7 below:

15

Table 7: Sample Setup.
1 2 3 4 5 6 7 8 9 10 11 12

A | NTC | S1 S2 S3 S4 S5 S6 S7 S8 S9 MOCK [ VTC
B | NTC | S1 S2 S3 S4 S5 S6 S7 S8 S9 MOCK | VTC
C | NTC | S1 S2 S3 S4 S5 S6 S7 S8 S9 MOCK | VTC
D | NTC | S1 S2 S3 S4 S5 S6 S7 S8 S9 MOCK | VTC
E | NTC | S1 S2 S3 S4 S5 S6 S7 S8 S9 MOCK | VTC
F | NTC | S1 S2 S3 S4 S5 S6 S7 S8 S9 MOCK | VTC
G | NTC | S1 S2 S3 S4 S5 S6 S7 S8 S9 MOCK | VTC
H | NTC | S1 S2 S3 S4 S5 S6 S7 S8 S9 MOCK | VTC
Where NTC is the non-template control (no RNA). S1-S9 are samples obtained from a
subject(s). MOCK is a mock extraction control and VTC is the viral template control.

20 Example 4

Real time RT-PCR of Samples
This exampie describes rt-RT-PCR parameters used for the determination of the
presence, type and subtype of influenza in a sample,
Prior to an rt RT-PCR run, the 96 well plate was centrifuged at 500 x g for 30
25  seconds at 4°C. The plate was loaded into a thermocycler and subjected to the PCR cycle as
shown in Table 8. All reactions were performed on a Stratagene MX4000™, MX3000P™
or BioRad 1Q ICYCLER™ platform. PCR conditions were optimized for each of the listed

instruments. The reaction volume was 25pl.
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S5 86 87 88 59 MOCK VIC C NTC S |
MOCK VTC D NTC S |

S2 53 S4 85 S6 S7 58 S9

82 83 S4 85 56 57 58 S9
MOCK VTC E NTC

SWO 2997/951584 PCT/US2007/003646
N
Table 8: Optimized PCR Conditions.
ABI Invitrogen/Biorad Qiagen
Reverse 50°C for 30 min 60°C for 5 min 60°C for 5 min
Transcription 50°C for 30 min 50°C for 30 min
Tagq inhibitor 95°C for 10 min 95°C for 2 min 95°C for 15 min
inactivation
PCR 95°C for 15 sec 95°C for 15 sec 95°C for 15 sec
amplification (45 | 55°C for 30 sec* | 55°C for 30 sec* 55°C for 30 sec*
cycles) 72°C for 30 sec 72°C for 30 sec 72°C for 30 sec

10

15

20

* Fluorescence data was collected during the 55°C incubation step. Primer/Probe sets

performed comparably at annealing temperatures ranging from 50-60°C.

Example 5
The Determination of Influenza Viral Type and Subtype in Samples Obtained from
Subjects .

This example describes the determination of the presence, type, and subtype of
influenza viral nucleic acid in samples obtained from subjects.

Samples obtained from four subjects were tested for the presence of influenza using
influenza specific probe and primer sets disclosed herein in rt RT-PCR TAQMAN® assays.
In addition, the samples were tested for the presence of influenza viral types A and B and
influenza subtypes H1, H2, and H5. The detection of human RNAse P was used as a
control.

The rt RT-PCR data obtained for samples 1, 2, and 3 is shown in FIG. 8A, 8B, and
8C respectively. FIG. 8A shows the rt RT-PCR runs for sample 1, which was determined to
be positive for influenza type A subtype HS. FIG. 8B shows the rt RT-PCR runs for sample
2, which was determined to be positive for influenza type A subtype H3. FIG. 8C shows the
rt RT-PCR runs for sample 3s, which was determined to not contain influenza.

The tabulated results are shown in Table 9 below.

Table 9: Influenza type and subtype in samples obtained from subjects.

Flu A H1 H3 HS Flu B RINP Results
Sample 1 | + - - + - + A/HS
Sample 2 | + - + - - + A/H3
Sample 3 | - - - - - + Not
detected
Sample 4 | - - - - - - Invalid
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SWOIOHRS 32 PCT/US2007/003646

While this disclosure has been described with an emphasis upon particular
embodiments, it will be obvious to those of ordinary skill in the art that variations of the
particular embodiments may be used, and it is intended that the disclosure may be practiced
otherwise than as specifically described herein. Features, characteristics, compounds,

5  chemical moieties, or examples described in conjunction with a particular aspect,
embodiment, or example of the invention are to be understood to be applicable to any other
aspect, embodiment, or example of the invention. Accordingly, this disclosure includes all
modifications encompassed within the spirit and scope of the disclosure as defined by the

following claims.
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85 56 S7 58 59 MOCK VTC ere NTC is the non-tenpl ate
control (no RNA). 51-59 are sanpl es obtained froma
subject(s). MCK is a nock extraction control and VIC is
the viral tenplate control. 20Exanple 4 Real tine RT-PCR
of Sanpl es Thi s exanpl e descri bes rt-RT-PCR
paraneters used for the determ nation of the presence,
type and subtype of influenza in a sanple. Prior to an it
RT-PCR run, the 96 well plate was centrifuged at 500 x g
for 30 25seconds at 4C. The plate was | oaded into a
t hernocycl er and subjected to the PCR cycle as shown in
Table 8. Al reactions were perforned on a Stratagene
000TM  MJ( 3000PTM or Bi oRad 1 Q JCVCLBRTM pl atform PCR
condi tions were optim zed for each of the listed
i nstrunents. The reaction volunme was 250. WO

2007/ 095 l&&ﬁﬁa'fou&?&&?g/ 2 $310h6a A a:kblleg; a8id if @b Tk, z&dariBG‘B
| nvi,tr. ra j gen Rev.
el Pfers A Bt W e P o AR B greinsidy
se@@@etaringgit lyish9BOCfenge i@ @tnionheTiageoti¢rvedyrico set forfh et SHRAPINGR3 and
a r%@]gcfaé?ﬁ segpQ:né'Qthn%a@legs@ﬁS‘VZSemeﬂceQ&Q C; Qrthe:hﬁclégtlma s@ ce set fortlé 65 SEQ

qg fication, S) sec C.for
IDSELA. s (5 Pf%’r 5 é‘&’a@%@ hyidizing “%déb"eéfé’@hﬁﬁlf‘geg@’ °§’édét*°n57‘2 &
inflgnza30nusiec a@bLqieote sdtForgiac SIEH D NOA2 30 cxeldé of ARQliffiaf thdBiflsdm A
miRLG8§ence data was coll ected during the 55C i ncubation
step. 'Priner/Probe sets perforned conparably at anneal i ng
cop@sHHe e famplegvith 3‘—][@'45“:@6 PPbsreDrispg et leastiEy éw@csldentlty to the nucleotide

sequence set forth as SEQ ID NO:8, wherein the probe is capable of hybridizing under very high
stringency conditions to the influenza A nucleic acid sequence set forth as SEQ ID NO:42; and
detecting hybridization between the influenza A virus nucleic acid and the probe, wherein the

detection of hybridization indicates the presence of the influenza A nucleic acid in the sample,

2. The method according to claim 1, wherein the probe consists of the nucleic acid sequence
set forth as SEQ ID NO:8.

3 The method according to claim 1, further comprising discriminating an influenza subtype
H5 nucleic acid, the method further comprising:

contacting the sample with a probe comprises at least 95% sequence identity to SEQ ID NO: 19
or at least 95% sequence identity to SEQ ID NO: 24 , wherein the probe is specific for the influenza
subtype H5 nucleic acid; and

detecting hybridization between the influenza virus nucleic acid and the probe comprising at least
95% sequence identity to SEQ ID NO: 19 or at least 95% sequence identity to SEQ ID NO: 24, wherein
the detection of the hybridization indicates the presence of the influenza subtype H5 nucleic acid in the

sample.
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The Determ nation of Influenza Viral Type and Subtype in
Sanpl es bt ai ned from Subj ects Thi s exanpl e
descri bes the determ nation of the presence, type, and
subtype of influenza viral nucleic acid in sanples
obt ai ned from subjects. 10Sanpl es obtai ned from four
subjects were tested for the presence of influenza using
i nfluenza specific probe and prinmer sets disclosed herein
init RT-PCR TAQVWANC assays. In addition, the sanples
were tested for the presence of influenza viral types A
and 4B an ar hq rﬁeft]i‘log é?f?lgm§ M% é,évhﬂ]el’n tl}qu’rob%‘ﬁ)ams',tﬁqf thFH%clelc acid sequence
setlttie stIEQID of0: BwiRkQ RNAee4.P was used as a control. 15The
it RT-PCR data obtained for sanples 1, 2, and 3 is shown
in FIG 8A, 8B, and SC respectively. FIG SA shows the rt
RT- PCR r tiprsmetkpd agcqigipp éo claim ﬁmherﬁin\ﬂmro@@is &bdlihed to be
positive for influenza type A subtype H5. FIG 8B shows

the rt - PCR rups .far sanp] e 2, . whj deternmn to

b osi {1 VPSR o P QcHIR L e A E e Resrre o e bt
ladivdygmzinfaacaly-lapefedRERhamicaly-lbdledsanpl e 3s, whi ch was

determined to not contain influenza. 20The tabul at ed

results are shown in Table 9 below. Table 9: Influenza

t ype- and TRUBYAPAAcPIing kiR & YEBERidpeng pbrdizlio campries defeptigg a
chéndd In di3al Xibn tld 1abeBd fRBIR dRéispll BiSer BarfiikaBonlrettive totsignal fMnte label

bR BhSaizeidn.” * - - + AH3 Sample 3 - - - -

8. The method according to claim 5, wherein the probe is labeled with a fluorophore.

9. The method according to claim 5, wherein the probe is labeled with a fluorescence
quencher.

10. The method according to claim 1, wherein the influenza A nucleic acid is amplified by

polymerase chain reaction (PCR), real-time PCR, reverse transcriptase-polymerase chain reaction (RT-
PCR), real-time reverse transcriptase-polymerase chain reaction (rt RT-PCR), ligase chain reaction, or

transcription-mediated amplification (TMA).

11. The method according to claim 10, wherein the influenza virus nucleic acid is amplified
by rt RT-PCR.
12. The method according to claim 1, wherein the primer consists of the nucleic acid

sequence set forth as SEQ ID NO:3 or SEQ ID NO:4.

13. The method according to claim 1, wherein amplifying the influenza virus nucleic acid
comprises contacting the sample with at least one forward primer comprising the nucleic acid sequence at
least 95% identical to the nucleotide sequence set forth as SEQ ID NO:3, and at least one reverse primer

comprising the nucleic acid sequence at least 95% identical to the nucleotide sequence set forth as SEQ
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+ Not detected Sample4 - - - - - - Invalid Wi | e
this disclosure has been described with an enphasi s upon
particul ar enbodi nents, it will be obvious to those of
ordinary skill in the art that variations of the
particul ar enmbodi mrents may be used, and it is intended
that the disclosure nmay be practiced otherw se than as
specifically described herein. Features, characteristics,
conmpounds, 5chem cal noieties, or exanples described in
conJunctlon with a particul ar aspect, enbodi ment, or
DG fpYheeEhe fprarard ﬁ&lﬁerﬁtetss R ‘apas@ ofesieres andegipifing the
mﬂmﬁhm&ﬁbkﬁahmxﬁmymﬁther aspect, enbodi nent, or exanpl e of
the invention. Accordingly, this di scl osure incl udes al |
modi fications enconpassed within the spirit and scope of
t he 14i sclesuathod agsordeat forriaim by whingin the forenid ang rex¢res prigier copprise
m@itige Brwakd dd PRERGEmER thathed Betficng idRed:Aybd € Az RofprRYSEE@ITENO:3

Iﬁ%b&é#SO% sanpl e, conprising: anplifying an influenza A
acid using prinmers, wherein the primers conprise

a nucleic acid sequence having at | east 95% sequence

i de s i t y Théndill® «LUGhE RLLAE3 SEALANGRRgt forth as SEQ 1D

NO 3 and a nucleic acid sequence having at |east 95%

seqUBREENE geRticE B gudfrerciiir estic eV S EURREIECE SpmiFrisT ¢ HIclsis
acfiE€uEdde NOing 4 ledM’PG%SéCjﬂeﬁchﬁetmey tOBIE nikcRotii Pajdnee of forth as SEQ 1D NO:

’)’%F {1 {ltjugiﬁa% aac:tg\seﬁuen? ha\\rllr(? r t g%ﬁ %t %%%Q%g?ty ]Loctl? nnﬂu':lé&tlg%ségn 3 ter?ﬁe ?‘e’t forth

asNERAR Neh ¢ feap%ql@cefsecmmt lilat/yg pideastNe’ peafdneraiAenaty ¢ thereicleptigde
sedfehdd,; set@&!ﬁte@@ﬁ@ ngN(t) e asembiec Wid s’@qt@ﬁce hﬁ%‘gtat 10438 58 sOibhce identity

ris n nt|t to
o g e Reh Y PO B Gl kbR P et bitHoihe
ungerobe high stgegeadylcendpbnshy brinftlienza g nunlrdceicxd\sellugnchsegﬂqrth as SEQ ID
Néhﬁbﬁﬁ%ﬂﬁ%mﬁQ%ﬁ&hm%ﬂéﬂk%ﬁ&ﬁﬁaH?Hkﬁ%ﬁéﬁ A nucleic acid
sequence set forth as 2; det ecti ng
hybri di zati on bet ween the |anuenza A V|rus nucl eic acid
and 16he pricabe@od whedag o clahe 1, d@treia the eamptfis hylicdidi aabl oRained
ﬁ&ﬁggﬁﬁ&es the presence of the influenza A nucleic acid in
2. The nethod according to claiml1,
mhereln t he probe consists of the nucleic acid sequence

set 1ffort hheﬁﬁetlﬁ&@ didin h‘pvtaerem the presened-of Ahenvaeh Rogdcias spridine g
m her co crim
v Rp L g U PR Lk Bt RRENOG T P gpoind

rgoapbiedi ng: contacting the sanple with a probe
conprises at | east 95% sequence identity to SEQ ID NO 19
or at | east QSWbseﬂuence identity to QI D NO

wher&i n ?Hemﬁweseo @g?ﬁggttq&m?%?mfﬁgogﬁtPH@H?&*@HB4@%%
brbizhdatied] @ileag@Ciradicalaitates, sputun(l@is@Qirldieal byhatdshir@AiriQBal aspirates, or

petween the influenza virus nucleic acid and the probe

conprising at | east 95% sequence identity to SEQ I D NO

19 or at |east 95% sequence identity to SEQ ID NO 24,

wherei n khe rdatieahs SinfRknzk AGuNNDLiadh Zﬁhbl@ﬂ:oxinﬂ{iingat es the
ggﬁg&go%eem%pn&pgea nugfiib S8 SOl YOG LR ﬁ? gt@aﬁhg in the

Prmememﬁctfbrenf}nﬁrabepmnm sts of the nucleic acid sequence

set forth as SEQID NGO 19 or SEQ I D NO 24. 5.
The nmet hod according to claim 1, wherein the probe is
| abel ed. 6. The nethod of claim5, wherein the

probe is radiol abel ed, fluorescently-Iabel ed,

bi oti n-1 abel ed, enzymatical } §51 abel ed, or

chem cal | y- | abel ed. 7. The met hod according to
claimb5, wherein detecting hybridization conprises
detecting a change in signal fromthe | abel ed probe
during or after hybridization relative to signal fromthe
| abel before hybridization. 8. The met hod
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15. The nethod according-to claim3, further conprising

anplifying an influenza H5 nucleic acid using priners,

wherein the priners conprise a nucleic acid sequence

having at | east 95% sequence identity to the nucl eotide

sequence set forth as SEQID NGO 17 and a nucleic acid

sequence having at | east 95% sequence identity to the

nucl eoti de sequence set forth as SEQID NO 18 or a

nucl ei c acid sequence having at |east 95% sequence

identity to the nucleotide sequence set forth as SEQ I

NO 229 ¢ § Prémess. WRrstithe sehomgrisseeps erawe Ravarwgimgts 1 @ﬁm@ﬂs%es in
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presence of an influenza A nucleic acid in the biologica
sanpl e indicates the presence of an influenza A infection
in t#e billa¥greuinedasiim e .ohesn fedrobe sifpdcds ubj ect .
18. The net hod accordlng to claim 16, wherein the
Fleslaggl C?aneakz fde ngd to claul%%&l Iwrlllgrgmfﬂ'{eo clao 1rs leopﬁgelldyf?uoresclently labeled,
bigiinrphelst, észmetrcelbﬁa’qey:ﬁ@e ehemaslbrm@teés or saliva. 19.
A kit for detecting an influenza A nucleic acid in a
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mhereln the probe is specific for i nfluenza type A
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forward priners 1510 40 nucleotides in ength conpri sing
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s e q uzen ce Trdkitl ae@ﬁing%&’m cdg Rithk€ia khe k@ oﬂmﬂufslcahlﬁisa@inﬁueic acid
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semeqeét leasa%fycdd@wuene@:lmacﬂde@s@c%ﬂ/@m@ﬁmé&mﬁb a nucl eic

acid sequence set forth as SEQ ID hE)4, wherein the set
of prinmers i,s a abl e of to nd directjng the
ot e AretRe BB ReSratt P K Lf OB rpeo o ving b

inflypgarAuioterton sonfippisingiy br i di zi ng t he pr obe to the influenza
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cla wherein the probe 1s | abel the

kltsﬂ%%brdlng to claim20, wherein the probe is
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angiifythgslegufepce Aatcdieast 95% i dentical to a nucleic acid
sequence set forth as SEQ ID NO 3 and a nucleic acid
sequence at |east 95% identical to a nucleic acid
sequence set forth as SEQ ID NGO 4 25. A nmethod for
di agnosi ng an influenza A infection in a subject
suspected of having an influghza A infection conprising:
providing a sanple obtained froma subject, wherein the
sanpl e conprises nucleic acids fromthe subject;
anplifying an influenza A nucleic acid fromthe sanple
using priners, wherein the priners conprise a nucleic
aci d sequence haV|ng at | east 95% sequence identity to
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contacting the sample with one or more the mucleic acid probes comprising at least 95% sequence
identity to the nucleotide sequence set forth as SEQ ID NO:8, wherein the probe is capable of hybridizing
under very high stringency conditions to the influenza A nucleic acid sequence set forth as SEQ ID
NO:42; and

detecting hybridization between an influenza A virus nucleic acid sequence present in the sample
and the probe, wherein the detection of hybridization indicates that the subject is infected with influenza

A virus.

26. The method according to claim 1, further comprising discriminating between an influenza
subtype H1 infection, an influenza subtype H3 infection, an influenza subtype H5 infection, an influenza
subtype North American H7 infection, an influenza subtype European H7 infection, and an influenza

subtype Asian H9 infection.
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