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WD 2006/ 116082 PCT/ US2006/ 015090 1 DESCRI PTI ON

MATERI ALS AND METHODS FOR RESPI RATORY DI SEASE CONTROL
WORNGAMNISES 5 CROSS- REFERENCE TO RELATED APPLI €&TIUSR06/015090

This application clainms the benefit of U S

Provi sional Application Serijal No. 60/673,443, filed

April 21, 2005, which is her eby incor por ated by

reference herein in itgy i ncl udi ng any

figures, tables, nuclelc aC| sequences am no acid

sequences, and 10 drawi ngs. BACKGROUND OF THE

{1 achebbi BRIAL SN MBI HCD s kOhir st imany nysease

respiratory infecti pNTROPIS cARNMNAEE eri zed mainly by
coughing (Ford et al, 1998). Canine 15 ITB is

consi dered one of the nost preval ent infectious

respirato ' i br eaks

can reachb&fg&%ﬁﬁgﬁm&ﬁ?gw&gw%ﬁ%dmused in
h'"lgﬁls ag]Slﬁ@ltle Seid Wd GBnEMVHT USEPSvisivhdl Appkenidal Serial No.
reaks are due to direct dog-to- dog contact

60/67ér44ae ﬁ%ﬂgloAplszﬂo%OQﬁr, whigliiy bereby incoeaseted iy (efiprpecherein in its
: ] r

entlre\?%, tlﬁgiggg&oarn}_gﬁ%%%% I”chlglg% orﬁic%: ® célgtsggﬁe‘?‘ulldéf }{o a@{degetqhgﬁces, and
drawiagent s t hat col oni ze 20 the epithelium of the upper

and | ower respiratory tract. Canine parainfluenza

virus (CPi V) and Bordetella bronchiseptica bacteria

are the nost cql QFEQthﬁﬂ@D%ﬂ$THEQFﬁH§@Tﬁﬁ@”7 affected

dogs, but severa er viruses such as cani ne

di“Kteengle cough’usr (1@@0‘9101&’(1 drackaobrrmchisid e 13W) r iss @8- dcuggy d contagious

respirafirt e ety <ha g iy B e bR ALy o 1998). Conine
ITB Ess‘ébﬁsﬁd&&l 3orfé0|of thé &ﬂoétnfnlek‘ﬁeﬁte itfB&iduk | RkFiBdto§Odisees of dogs
and outcone 25 (Ford et al, 1998). Wil e out breaks

worldydde randpeiitbisely eanerperly epidemicpragpsticng whieghdafisrse thpused in high-
denmgloeg(#u?att 8%?1&%1%1{1 {f% gﬂchn?sr 1? ngel%y MS&% brg%ggﬁa%% ﬁl}le to direct dog-to-

Ions an

dog cAlltabomlgatbld)sOhEatIdmrﬁ&%@ital&gy%@@@tﬁ@iﬁry oflﬁéﬁcﬁ’[ 19098). The clinical signs
(#Jgonl a can devel op majority of |ITB. cases are
are oAy Y inPetiongvith ane @§6I°9@bwaf1% af b%ﬁﬁs'mtl Peaifehtgspisdhef colonize

the e% thefilim %fgﬁg)uggéﬁﬁf&éﬁe} g%ggﬁ@r}f £38 r@atn%ey &%ﬁﬁ%ré@nvnus (CPiV)

resumne becane epld
and Bevieredllh Yoeyhisapiidat batkm e HewresglcameionFbrgandas dékted from

el 0 o JHSSERD ey oot SRR S e
adend¥ifuS&it B And ags(dyad- 1 3C)§IV LZ; (é ghwftﬂ aBacfeﬁﬁoslu\éﬁ s OMEptococcus sp.,

nore than a dozen % ounds devel oped an acute
f

Pastepeatior miwsigo & pﬁf«‘edﬁﬂdm aofdlpwen infjuengpitle dliiead course and outcome
(Ford( & 74 hl@'é@fj %h 1 ol\l?owgakslc?c%gt) ‘most efficiently and rapidly in high-density

populations with high morbidity, complicated respiratory infections and death are
uncommon.  Although life-threatening secondary bacterial pneumonia can develop, the
majority of ITB cases are self-limiting and resolve without any treatment (Ford et al, 1998).
In July 1992, a respiratory infection presumed to be “kennel cough” became epidemic
at several greyhound tracks in New England, Florida, West Virginia, Wisconsin, Kansas,
Colorado, Oklahoma and Arizona. According to veterinarians, most of the affected dogs had
a mild cough that resolved, but more than a dozen greyhounds developed an acute

hemorrhagic pneumonia followed by rapid death (Greyhound Daily News, 1999).
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WD 2006/ 116082 PCT/ US2006/ 015090 2 In late 1998 to
early 1999, several outbreaks of "kennel cough”
woceousrmes2i n raci ng greyhound kennel s across PO®US2006/015090
country, resulting in mandatory cl osure of tracks and
quarantine of all racing greyhounds in the U S. for
several weeks (Greyhound Daily News, 1999). At one
tr [ I I « )
il e 1908 1Glen? 1039, SvERE Bl KERY Bt Gl solth itcied in racing
greyhausd righeeld agcr¢dBe tieo nalntgo nresudtingt momahdatmyDrclosWd loif atracks and
Dugga Simlar. to the ou eak in 1992 e coughjn,
auerapS o A B g A RIS ok sorrel s [ rengigRaty News
199971 &flodd @4BKANTEHRAL @Q’h ‘Be@&?K@HﬁEI @h?%n 5 iEhg was recorded in nearly
uncharacteristic o kennel = cough” ‘(Putnham 1999).
40% K/ﬁrthmdpgmopumos onammm de:at(Bcreenal o:fommlanmioncﬁxonghDr Wllham

C d at rack n
DugeRfS G B PROAANIE 192 ¢ AR Rg et Bah T, eiunds, but 10
dogs &ﬁ Ftc@ma diéd mmalmnﬁmélgld Epn@ﬁtﬁoﬁﬁtb?ﬁ&’rohﬁeurﬁﬂi&ﬁ@ﬁﬁb@ﬂ of “kennel

f racin and guar anti ne of dogs for al nost three
Coui%}?fve(:?k@ %9y 25% of the dogs at the track in West

P ac af I t %
e T e T
track ﬁugiai emgterxA@hS n, Thmsdttbredb ds belésey ¢o ddye buﬂgu&&adefnakennels at four
ied fromthe res?| ratory infection.

Uackse@tgﬁﬂ%?aeﬂl HUSLHRG HPRFIRRe reine 47l quggaatlp%@%si%s for almost three

week® UN@W%S%%f ttllihed(lf_g% e Yhel BRR ih RGK PQllan@aéWer@ %ﬂ@bﬂeh | \While almost
here "are no published reports docunenting t

50% ef thsl By drgsaitilrbypanh o SgyPed)éerth de\?é&epﬂdetm@hu@] Again, most

i d inra nnel n 2,. :
dogs SGLESTAGR' 553505 Hhe' St K HeorratSneditinny Tigeestimated
econdnﬁlf: e8ihac? S thAGEHIMUSY batbrdak it ﬁfé%éi"by Bandfr SHkCb:EERAS $Bmillion.
the two nost common causes of kennel cough.
Urderssario eubdighedbraparts daeuromniing fbh ctielogeisr slinisepathology of the
« -t
ceBRNEE PR At ARRINAGLE 185 ISBRL0. oy 2005, Toe

assumvption Has fesrothyt the ibfacamisowaecius te @iV subAp e ibe5nchzseptzca the two
zooepi demi cus, an refer llj 0 the  syndrone as, "canine
most §?1F1EE1M@BEf‘éaqf BT Lol sl SoTORT s Gl ot sies
have
FAEfaE Bk deg PR ArBAUELALrlEB e Robbing dogs o
infectione pathefp- hemg@&): Stiiepeodoagis cequi shiaspesies zedfepid2micus, and refer to the
d|ntera emevé {ans sLor]}1 obnlnfluenza virus are
SYRCIZEE &P pr B ROAAISRICEPCSt 1K€ S48 92:  Lipatov et al ., 2004).

OTRadsgitdieh OF VRS fionaiaé %smpeafés 9 %ﬁsﬂlbﬁhé ¥ HAAIEREREE of the
virus fromone species to another. Exanples of this

ecology @pé sPisemiolesy @& mﬂfeen% visne (Wiehster, 1998kt iTanosbagia methrmisms of

1nters§ﬁ§é\gs i@géﬁﬁ&e |O(Irf| Hslﬂ 1&9%@%@5& a{Weuo?teg ctz)}b ggg% flgﬁia)v etal.,
2004 p Omsiibthy difeet pantte mf@n @ﬁseﬂ@dlfy urlaltenst vadis ﬁ@ﬂﬂbﬁé"sﬁebﬂés to another.

ei d et al 2004). . The second 30 nechanismis
Examégﬁé)g ]Eié r‘i‘&eéh@fls’%lﬁéd%"g F?érf?%edlt REmgR dnlgptiqns v 1Fh1¥hedéﬂ‘£h subtype of

.av1an91%ﬂﬁéfi%a GRisl (FuBBahon: £f I@PQOP&erett A V'Z'DHéeéquuF %?nh'é , 2004) and

ferent species can résu n reassortnent
possﬂglggthemaadiemlcr@ﬂ 1918, known as Spanish flu (Reid er al, 2004). The second

mechanism is a consequence of the segmented nature of the influenza genome. Co-infection
of a host with viruses from different species can result in reassortment of the segmented viral
genes and the generation of a recombinant with the ability to infect other species. For

example, novel viruses generated by gene reassortment between avian and human influenza
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genes and the generation of a reconbinant with the
ability to infect other species. For exanple, novel
woi2nussi@ersgener at ed by gene reassortment bet weeRCEWIS206/015090

and human influenza WD 2006/ 116082 PCT/ US2006/ 015090

3 viruses resulted in human 3 nfluenza pandemcs in

1957 and 1968 (Webster et al., 1992; Lipatov et al.,
; 0R411dsa t: : tigeh r.egt Y :
Vi e iy nza TR BF 109 WAL LB M BREg. 1092;
Lipatgpernile 8004; Kawadka tealgiO8%)peci es are term nal events

becauyse sustai ned transm ssjon between indivjduals, 5 .
oeH SRS PLualre! ueien Wikes 978 e Pefute) Bt species
to a diffiéreftpbéioN sreab@niASCR A8 M¥culE stBithd CRddshiss Chetween individuals

hori zontal transm ssion and provide a form da
of thpaiew epeeies feitpée reeion Miltiplenfvituehest interactinnsi aret hsessary for

ot G, B R, 00T R i o et o

infludnpd viresesainvthe Wewi Bost TR s aNd206. OTherefoes WtaBHshinfent of new
donmestic poultry, pigs, horses, and humans (Webster )
host-%’ﬁggp.l}newgzqf {lygRzsy Vigss i§| uncompm and; hasperla peeuised ithdomestic
i t [ [ N 1.0, re
pou SRR R b THHAER o105 LSS . 2405
piBeearseiafghe aerdbusredtre g infidenes ivons nfectivil tene serwaingia.need for
b I.EF,.SUMVARY OF THE | NVENTI ON The ubij ﬁCt i nyention
methqgs PLARLDEES RSV RIS P Foding rfos by Hipenza Vidpabl e
of infecting 15 canids and causing respiratory
di sease in the canid. The subject invention also

pertains to BEIBBSUNIEAR YK TEEANY¥ENTION nduci ng an

[ response agal nst, an.i.ntluyenza viru f th . .
or SeapeFE RO R alnE et 1OER Visk Bells dpifs of ntectng

canid and oapdg) fospit@oBNdisemt ot Eaid. THeRtbEM dderion IS pertains to
of .the invention and di agnosing infection of an ani nal

compggitippsang; efaodst fof Hslucing paAprsine repoBR AEFISESORIRTIAENiTUs of the
preserg: inV et JARAY, bﬂé@? 1&%5&&{ af8h &%lﬂsc%t éoﬁlﬂpc{:sg}oglrs.and methods for

contai ns at [east one draw ng ‘executed
identiGopg e yirupbf thei isvesaioanind aliagnatieg infa@ini cfati @imal with a virus of the
. ublication with color drawings will be provided by
mvenﬁﬂlé Patent Office upon request and payment of the
necessary fee. 25 Figures 1A-1B show phyl ogenetic

rel ati onshi ps anong t he hemaggl uti nin genes. Figure
| A shows a tBREDPEICRIBREINQGIORHESPRATEINGS i ve

canli .aviap, swne, and equine isolates, .

Aok o s e PR e B0 e S BT Bty Covies
of thikipatenieorl Prteitayplication Rliedtidnhwitl aBloR drdwihhH &ME Be \réHed by the
fgenes Wi th contenpolrgta({fy and ol der equi ne HA genes,

HA
Patent Qffige ugopiequesidndingement qfithy negessein fge.oup. Phyl ogenet i ¢

t re1kN r 30 j equences ..

Rt OB A ERY EA oS re iR S Lo lE R IR FRetnin gones
FiguredlAielsows 0% @f #IA genes from representative canine, human, avian, swine, and
equine isolates, including A/Budgerigar/Hokkaido/1/77 (H4) as outgroup. Figure 1B shows

group. Iig

a tree of the canine influenza virus HA genes with contemporary and older equine HA genes,
using A/Duck/Ukraine/63 (H3) as outgroup. Phylogenetic trees were inferred from
nucleotide sequences by the neighbor joining method and bootstrap analysis values >90% are

shown. The bar denotes the number of nucleotide changes per unit length of the horizontal

tree branches.
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shown. The bar denotes the nunber of nucl eotide
changes per unit length of the horizontal tree
wonrenahes2 WO 2006/ 116082 PCT/ US2006/ 015090 4 PETMISL®S/015090
2A- 2B show i nmmunohi st ocheni cal detection of influenza
H3 antigen in the |lungs. Lyng tissue sections were
probed with a nouse nonocl onal antibody to H3
h [ [,adi e o
| ARG 20 D BRGNS HIREHEH cffugnen H, aptigen in the
lung52AL$1hgvabe aectiors| vuep: tpmzljedumthrmrmausgr ayohoa:lnnhlv\aﬁtibody to H3

5 H3 d te
hemag 8@1%1% %gg %iﬂdd %%S\%E gptle d g¥|1mngwgghglglﬁ§earﬁact}qpegb$gwn precipitate).

FigurdeA SRARIBRntRaPEfinRYuml H&Hﬁ%g@?ﬁodnﬁ WY %ﬁéﬁﬁne%ﬁ@‘ﬂ%%ase Viral
Fi gure 2B shows bronchi al heliumfroma dog 5 days

H3 ardifgere vak doteciied in bmmhnahew}mhaiu q@lal/cmoq»iasnhaami’ﬂnonac(rmggs in airway

lumerésI ! %l gﬁ\é&%@%‘s 50 1@91%& ?ﬁtsg]g %r@}c&?ﬁrl] %Bgﬁg%.ggto?aﬁ lglc%g 5 days

after GldRNIQGEE R A%ahir&l?lqbﬁ@/mbdf GHaNG®S ViraltM® ABtigar Mas letected in
reyhounds 10 that died from henorrhagic pneunonia

broncg@é@@ﬂ@h@cp%wwm%m 62 Raty PP Ui nfection. The tissues
aﬁ%lﬁjea‘ﬁ Ig}g)?ves‘é\fhé thﬁgtierlgfcoﬁg F ?iqc%k em tl'{% Bﬁgﬁ §>f greyhounds
that dieslsfadm mehﬂoﬁhagw\pmf:umame lassoBratadohitis m‘ﬂlﬁmeawglsemmuml The tissues

are St PR Wkt TOPRSF Bk RIOrER) b gus atith fIBreq b Rbells, mucous
cells, %@b%ap@erlls $1QWe ar@lgBE&ﬁhﬁ;ﬁ‘f +ia asé}e%fﬁ)uﬂﬁxrblﬂﬂ%ﬂﬁ{ahg%us influenza.

rel ationshi ps a emaggf uti ni n genes
ThereR gearesigttndsérosion af ﬂiep;hrmg:@wét:ﬂxatedre@ehdfal tibs. Sralerter, 100 pm.

i 3‘{5# HeDaa. )g/% ;}gsws@,gengéwge R RO, %Sryﬁtfﬂe&n%&gg’zmm genes.

Figur@f 4ANshow2Al PRylbBddeiENEee W rUs iR ifRiefzaMvihs HA genes with
contenporary and ol der equi ne HA. Phyl ogenetic trees

contepyppiary apérolesy qquane Heéneencs. oFigune 4B shove @@J}M@@c@@mbtyee of the

caning rﬁjﬂg—:@&%ggﬁ/{ gﬂrAg Py &g \U’?ﬁrg&ﬂgﬁ qgrgre}ﬁ 3 8fd{ ﬁ @q\%n%t%? nghylogenetlc

trees anterinfeaed dron? @eneha g aﬂumﬁrmdlmqheﬂoem 8V heodeight@r joining method and
hor i zont al {ﬂeee branches. grure 5 shows | nfl uenza i i
bootsiypp gaalpss yrbieeis$0rn 2k F'}%C}Yé} i dihectar| dengies he AgAIber 9f amino acid

chang%ﬁ gé}q{ﬂlﬂlen ot RS0k oﬁtHﬂ%esel Hr%%?éﬂe&s that died of

unoni a assocl at e uenza virus infection.
Upipguredatheivs Infinanga oirunH3 qirdtemt ie dphhaiat bélhl ofépornidhé kndabronchial

s G s AR P LS SRR S L it B i itetion.

Uppe£ phrep: aEx’@sf@)ﬁl drrngdd Blonchigl &pitheRsl s Bt BRmPLR ll“lﬁh@&n\gere stained
right) epithelial cells. Tissues were stained with a

with dovea pags:| b@@ynzadnrus A3 preteiminibe detoplesmfipyonchial (left) and

o TYDRSE ) PR BB B0 OB, BESE 1o, SheB s

influeaingp H3fdecstadasy jphratisopefoxtiisefehelibd (Briwl @n@spifdid)dhdeobiterstained
and Figure 6B) obtained fromthe anplification of

Wlthll@*%yémserl ally diluted in vitro transcribed
Figures 6A-6D show amplification plots of H3 and Matrix genes (Figure 6A and

Figure 6B) obtained from the amplification of 10-fold serially diluted in vitro transcribed
RNA standards. Standard curves of H3 and Matrix genes (Figure 6C and Figure 6D)
constructed by plotting the log of starting RNA concentrations against the threshold cycle
(Ct) obtained from each dilution.
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30 RNA standards. Standard curves of H3 and Matrix

genes (Figure 6C and Figure 6D) constructed by
wohatettiieng2t he | og of starting RNA concentrati OR6T/US2006/015090

agai nst the threshold cycle (C) obtained from each

di lution. WO 2006/ 116082 PCEF US2006/ 015090 5 Figure 7

shows sensitivity of Directigen Flu A was tested wth

1 i .. di Vil i i .
ATl STERSINILY 1 SRR L 2 RS J oty ey
dilutet] rviimm gitecks rinkloding sA/MOwinting/8/2008 wintl . A baBie/EE/242/2003. The purple
. g%?&m PTI ON. OF THE SEQUENCES SEQID NO 1 is a
trian 18les BeSIU¥Lit8tEe of a canine influenza virus
(Florida/43/04) encoding a PB2 protein that can be
used according to the present invention. SEQID NO 2
i s the am nBREDEEGRENIONOEIIEH SERIBIXCED NO 1.

S ls a nucl.eotide sequence of.a canine .

PR, s % ReieE R B B PagT Drbe oridars/0d)
encoddigod BB pidieih thaRak Be USRitheasdMipdb A froschbRvBiRsent

invention. SEQID NO 4 is the am no acid sequence

e B NSy %E%w pmigo acld segmence pueeded HyiSEQIIND:dot i de

S { ' 4inf ir ' .

SSREIRNG! 2 SRR P LLUEAL oL el FLRLAABL A Bbinson
encoditipea PBé pesttinithatent be nsedIccdriingNOthebpresent fiwed@idmo aci d

SRR S S R G
( SiEes BN G3/504)a n&%ﬁ%é @Q%Léﬁcé\lffng g%ﬁ% gl_ffdgg% ?%Gst\lgﬁorédammzl)

used according to the present
encoding a2 RA paeticindhatoiad bs egerbarcerdingtodealpieyenSEQehomO; 7.

S0 s B Rt aciEyeagR E R G T R
PISEGID NOAY is ambeoge @eqi\ﬁﬁw 8 HQardife ITRIAZLIBI (Florida/d3/04)
invention. 20 SEQ ID NO 10 is the am no acid sequence

encodiiiraHy PEgteigitintican Reusel acgpmdingrio e present vantiers| eot i de

s f ' | ' 01 { 13/ 04)

SR NG: B RAEE AL A oodFHES ML ol SERS IR O,

t SEQIBSOt 9i isvemiclatide SkfReh2 dQ: cddné snflueazairto (F6tdh/43/04)

equ e encoded by SEQID NO 11. SEQID NO, 13 is a
encodfR LF PeCSdbRIcAR e Grelacearinigdo the PawHS EvgRiars
[ 3 ; ' [ .@an be
e e AR LD 0P B SELITTORE 14
i SEOEDNOnd1 aci dudlefiderrequance ofl e datiye Sfpehi Kous [Borida/43/04)

e L R
PSEEID Nb2a12 sake HRineSRH REEAICE eAD AL by BEPIERENY 1,

invention. SEQ ID NO 16 is the am no acid sequence
eRESUER NN EEG 2 pupieptidessequence of a canine influenza virus (Florida/43/04)

encoding an MA protein that can be used according to the present invention.

SEQ ID NO: 14 is the amino acid sequence encoded by SEQ ID NO: 13.

SEQ ID NO: 15 is a nucleotide sequence of a canine influenza virus (Florida/43/04)
encoding an HA protein that can be used according to the present invention.

SEQ ID NO: 16 is the amino acid sequence encoded by SEQ ID NO: 15.

SEQ ID NO: 17 is a nucleotide sequence of a canine influenza virus (FL/242/03)
encoding a PB2 protein that can be used according to the present invention.

SEQ ID NO: 18 is the amino acid sequence encoded by SEQ ID NO: 17.
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30 SEQID NO 17 is a nucl eotide sequence of a cani ne

i nfl uenza virus (FL/242/03) encoding a PB2 protein
woheis/1eens2be used according to the present i nveariusmoe/015090

SEQ ID NO 18 is the am no acid sequence encoded by

SEQ ID NO 17. WD 2006/ 116082 PCT/ US2006/ 015090 6 SEQ

ID NO 19 is a nucl eotide sequence of a cani ne

i SHQIEDZROYiTouS Eﬁél@&?d’eos%lluen%!@ S B f%uénﬁr 1%'  {F1L/242/03)

that can be used according’'to the presen |nven
encodiszg PIBl Reoteip that san heusedianeordingdo ﬁquesenaneaﬁm@&ed by

S g Ictzi%\ m eé]q%ﬁ 5 lfu € nl?g B Sﬁguefliﬁ%?%%’g?‘gga gEleg)rﬂgﬁq Hﬁg : Z

PS\EQ DD aNO: Rhaik LAanclaRiddSequees OF i AGideOintilenAr
ion., SEQ I D NO 22 i gut he am no1 aC|n sequﬁﬁ%n@FL/ﬂz/m)
encodglpg @rqj?ng‘%cp@bwe 'La]_:cmggxg tp Ehe[\@eseggmvsntmn

(FL/@H?Z/ Os)ﬂqenco |n Clﬁ Sﬁ@%‘?‘% &wﬁ‘;]sﬁ@;ﬂ?rlﬂ@a%ed

aSEQrHi)mgOt 33tihe moérzﬂa]kie SeqR6E loﬂra caiE ihBudZa @fhsl %L/242/03)
notaC| d seq ence encoded SEQ I D NO

encodighan Reycl5 4o S e abtoros de uaneseaioRvetisan ne
| SEQUIDK®: \2'4rlb‘ﬁ1e(a%hﬁgﬁgiﬁg (}uen@éqﬂﬁgﬂé}gbfglt?bh nve@t gin

that can be used according'to t tion.
SBEQ 1D N®: 28 issa nhdeatidermeqaaicd osfaqcumnﬁemﬂuaﬁdaﬂrd@)(FL/MZ/%)

2 I D NO l eotid
encodl‘ﬁggg H\?aﬁlgteén 3}?{ q?]ezléseg Iaf;cf%gl(xg%) %%ﬁ%ﬁtﬂn&g&l@gs ﬂ ; © gﬁ ©
NBEQIIBY N3 26HatheGailnd Bl $6heASCRI IO SEOID J@beﬁfnt

eﬁé‘éml Qn. 15 SEQID NO 28 is the am’no acl sequence
2Fds pprudpotidy se@raed pf NEani2@ infuenza virus (FL/242/03)

nfl uenza r
e“°°dlﬁé%5“§\p‘%¥%’§?ﬁ%?%? Be Bleaef AR S0 MY PHRAf Bt Be used
SO NO: 28 md the apties editl sd:qil‘égébgdngﬂdesds%@l ED@’{D 23@7 IS SE 0
t a sequ ce encode
%‘Sﬂgﬂ %%) ] §§ & ﬁdgﬁc éecﬁléa‘i?e%g cghing isf@wdnae virus (FL/242/03)
encodﬂlﬁﬁh M&%)?ot&'nrtHaﬁ cafrbé % aQ:ggrdlr&[qRZlﬂz équ nex‘f oeri,“pr gael n

at can be used accor Ing t es en

SHEQIID NO: 3825 ﬁhs aprfieo 2id pojuandettnsedpdelyCSE@ mmwtedzdoy

N% (gﬁ{DNO 33 is the mature formof the

% @ el n ifwé cgHes FR9URRSe Qi3 CqmaF dnfiuange virus (FL/242/03)

encodihk tie HA prdkeid €had B @& dc&irdin een
Srmvedmse[le D NO. 34 5 trhegh%tﬁﬁﬁjg&?gﬁ%%?"’?he HA

dPriNOR &% thn 2 adh! MgueB2 engédeditgrSEQ IDAO: 31.

NE@" 35 | uence has be _

St 391 RE oAl B) R SRR ISR PSP 1o
wherelb&aﬁd&n&naﬂdr&hmmgoh@dts@lapieq&@{& hat B¥RNEMBYPed SEQ | D

ﬁ f@) i gonucl eoti de that can be use

Q hlz) ?gzl fsh@eﬁp@tg@n mm of the HA protein shown in SEQ ID NO: 32

wherein the N-terminal 16 amino acid signal sequence has been removed.

SEQ ID NO: 35 is an oligonucleotide that can be used according to the present
invention.

SEQ ID NO: 36 is an oligonucleotide that can be used according to the present
invention.,

SEQ ID NO: 37 is an oligonucleotide that can be used according to the present

invention.

SEQ ID NO: 38 is an oligonucleotide that can be used according to the present

invention.
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invention. 30 SEQ ID NO 37 is an oligonucleotide that
can be used according to the present invention. SEQ
wODRote@16@B8 i s an ol i gonucl eoti de that can be uBedUS2006/015090

according to the present invention. WO 2006/ 116082

PCT/ US2006/ 015090 7 SEQ ID/NO 39 is an

ol i gonucl eoti de that can be used according to the

I veqt: T . S .

oIS D, NE Pae AR it ol b oed, apeprdipg to the present
invenfipesent invention. 5 SEQID NGO 42 is an

Slrgéggmﬁc &\ﬁﬂ/%ﬂg@ tag_acglgé%?ql%e‘qqg@_stﬁgtsgq%g égllsenég act:c%r igg to the present
inven@bh gonucl eoti de that can be used according to the

present invention. SEQID NO 44 is an

oISESd Al N&Xst #21és ahaligoavclérsidastbat eancbe diserh atarding to the present
resent 10 invention. SEQID NO 45 is an
P?‘gonucl eotide that can be used according to the

PISEGTD NOWARNtE af. olipbidIEtNE théScdnSbéfised according to the present
i ol i gonucl eoti de that can be used according to the
mvenfipsent invention. 15 SEQ ID NO 47 is a nucl eotide

< - ani ne. | nf rus :

SSRGS By S0 ek AMUENE 1 LA CMATLLERRY i e oo
inventible present invention. SEQID NO 48 is the amno acid

S e coded by SEQ ID NO _47. SEQID NGO 49 is a

OB AT G A o et i s ereaudng fo (e presen
invenfidh.am / 2005) encoding a PB 1 protein that can be used
mvention. . .

according to the present invention. 20 SEQ ID NO 50

i SEQdDaNOro4@ds dn sdigopudentelactbatechnbye S h&roling 46.the present
. EQID NGO 51 is a nucleotide sequence of a canine
VentRg| yenza virus (M ami/2005) encoding a PA protein

t IsHQ IBINOR 4758 G ARLtid: BetpeRed Ha RARAE RiflueA¥L Pl OMiami/2005)
SEQID NO 52 is the am no acid sequence encoded by

encodiyg 3 PB2 meyteinthatsgmbe psedacegdingsio shapresesbinveatierequence
of FNE44 N Vi am g 0di ng
A TRIBNOZ b FHER i Fucdfe BaspdR SR R
PrSE@AD NOv eldtis amucBioldt Bediehcdbdf 4 sadifie irdien dghd(Miami/2005)
dsequsn(fe en,coged b¥, SE(g I D NO 53. i )
encoding a PB1 protein that can be used according to the present invention.
SEQ ID NO: 50 is the amino acid sequence encoded by SEQ ID NO: 49.

invengl

SEQ ID NO: 51 is a nucleotide sequence of a canine influenza virus (Miami/2005)
encoding a PA protein that can be used according to the present invention.

SEQ ID NO: 52 is the amino acid sequence encoded by SEQ ID NO: 51.

SEQ ID NO: 53 is a nucleotide sequence of a canine influenza virus (Miami/2005)
encoding an NS protein that can be used according to the present invention.

SEQ ID NO: 54 is the amino acid sequence encoded by SEQ ID NO: 53.

SEQ ID NO: 55 is a nucleotide sequence of a canine influenza virus (Miami/2005)
encoding an NP protein that can be used according to the present invention.

SEQ ID NO: 56 is the amino acid sequence encoded by SEQ ID NO: 55.

SEQ ID NO: 57 is a nucleotide sequence of a canine influenza virus (Miami/2005)
encoding an NA protein that can be used according to the present invention.

SEQ ID NO: 58 is the amino acid sequence encoded by SEQ ID NO: 57.
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SEQ ID NO 55 is a nucl eotide sequence of a canine

i nfluenza virus (M am/2005) encoding an NP protein
woheis/1eens2be used according to the present i nveariusmoe/015090

SEQ ID NO 56 is the amino acid sequence encoded by

SEQ ID NO 55. 30 SEQ ID NOg 57 is a nucleotide

sequence of a canine influenza virus (M am/2005)

gyl | d. accor di.n .
EDTDONEr P et Bioc e P S EEBRER R Ggia009)
B e e
0 8 . |
A gﬁﬁgﬁé S S8 o) satense ervoded PXSER JRDE5 0.
e SERIIDINON 6Ms RriftoRbdd Sfuch@bOP MBRIACERNAL (iami2005)

the present invention. SEQ 1D NG 60 is the amno
encodigrpneld Aerrelsindiatcanype SEE) ad0ondig ©3he BEQE DiBtiofl i s a

n S, nce. of cani ne influenza vi .

AP N5 SPOEESRech SRS AL BSR4

uSED aloND:NKH3 Oist he MERSEMN degt(@ﬁ%' QP aSEEIhD MAueBs virus

IS ,tlh am no acid seguence.enco ed by SEQID NO 61
(Jacksgpys FBORD) coepding 2 B &| ateiniéhat ceppe b aised agcardinignty the present
invenfidy. | uenza virus (Jacksonvill e/ 2005) encoding a PB2

protein that can be used according to the present

| SEENED DO: 640is BicQrhito MNEXd sbduense edtdedrby SEACIINERgyence

d b E NO 63, IDNO 65 is a, . .
ERE o GN et it o fomusieain (ENNEE uBR7a vins influenza virus
(Jacksod AigIkR00¥y th&aZi0a) Pﬁpﬁggfeﬁg ttéht Fn 1o ru%c?'a@c&r@%g ﬁ%ﬂle present

be used according to t present invention.

inventigh. 66 is the am no aci d sequence encoded by SEQ I D

) SEQ.I D NGO 67 is a nucleotjd ce_of a
glglr‘? i Qﬁe[ {Nﬁl 6@5%%6 e{ﬂnrnﬂg"”@ﬁ%‘@?&%ﬁﬂoﬁ?‘g’}ég@é)e[%gﬁ@ogﬁ-ng a
PSEQ oII®i NO:ha7 Ganabentiesiicd ceghidhc8dof Oat BEiRE €RBENza virus
invention. SEQ ID NO. 68 is the am no acid sequence
(Jacksgphgge)lg/gQO@y egEgmg)aNb_A poteigEdry camNbe 8%d scerding to the present
invent?ﬁjhd eotide sequence of a canine influenza virus 20

acksonvi | | e/ 2005) encodi ng an NS protein that can be
uUSEQ HtN@:di8ng themntine apidas@ihce éntvaat bpSEQIBAODsNO.

' ' id ded by SEQ I D NO
A R Rt ok SR T TR b ——
(Jacksoh¥illR08S) ¥hdodfhg & @@és(zggﬁt’éirl It %ggsl%eo%?%g %l:&)%ﬁg ‘ tlslpgyg present

protein that can be u accordi ng prese

inventigiyent i on.
SEQ ID NO: 70 is the amino acid sequence encoded by SEQ ID NO: 69.

SEQ ID NO: 71 is a nucleotide sequence of a canine influenza virus

(Jacksonville/2005) encoding an NP protein that can be used according to the present
invention.

SEQ ID NO: 72 is the amino acid sequence encoded by SEQ ID NO: 71.

SEQ ID NO: 73 is a nucleotide sequence of a canine influenza virus
(Jacksonville/2005) encoding an NA protein that can be used according to the present
invention.

SEQ ID NO: 74 is the amino acid sequence encoded by SEQ ID NO: 73.

SEQ ID NO: 75 is a nucleotide sequence of a canine influenza virus
(Jacksonville/2005) encoding an MA protein that can be used according to the present

invention,
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SEQ ID NO 72 is the amino acid sequence encoded by

SEQID NG 71. SEQID NGO 73 is a nucl eotide sequence
wofom/ieenszne i nfluenza virus (Jacksonvill e/ 2006)/US2006/015090

encoding an NA protein that can be used according to

the present invention. 30 SEQID NGO 74 is the am no

aci d sequence encoded by SEQ ID NO 73. SEQ ID NO 75

| SEQ IN@014 dehsatenchl ehudcs aioasd b{ﬂﬁh@}eﬂﬁﬁd" 75 US
(Jacks nV|IIe/2005) encodi ng an MA protein that can be
ég ﬁ%om ‘ng’t dist Be I}HP]@Q@‘% segwensat obna Wiine influenza virus

(Jacks%ggﬁé/béég)ﬁgng g};@:ﬁgoﬁﬁ/ glé%gr?(%hatg 2 Ilﬁél\%%orgg)édo' gue present

am no aci'd sequehce ‘enc
inventiN@. 77 is a nucleotide sequence of a cani ne influenza

cShOp BT a'da'aﬁ’a%{?%s%wéﬁﬁéicga@f Qy SBERD 50: 78 SR
d Q
| QE%D 7Ig(EﬂQS7I9t ﬁea@mlg&?%ﬁgﬁdiﬁ%g%ﬁ 9 fcg?ﬁ%%gsgoa ch]ﬁe present

inventfan. ysed accordlng to the present |nvent|on SEQ I D

oll onucl eo that c n be .used
accgﬁgbng t0 tﬁegbpﬁg%rﬁltc eo?ﬁ‘?/él?ﬂtlcaﬂ e psedeascpidingoio ghe present
inventigh. an ol i gonucl eoti de that can be used according to
the present invention. SEQ 1D NO 82 is an
oPFRoMN@s 8l amatigeamleptde gl ca dor wiedgacrordinteto the present
inventRfpesent invention. SEQID NG 83 is an
ollgonucleotlde that can be used according to the

pBEQeHd NS 82nigeat bligonuCRRHIDMNDcaB%bel Sse@Mccording to the present
ol i gonucl eotide that can be used according to the

inventiflasent i nvention. SEQ ID NO. 85 is an

OSEQOIY NOO1g308 M@ﬁé&éﬁ%ﬁ%ﬁﬁlé&’)ﬁﬁg Q)gg)%r\gslea gac%grdgnrzgeto the present

present invention
inventsini gonucl eot i de t hat can be used according to the
ntion. 87 is an
%ﬁéoﬂ%é??bﬁdlé at“h%\‘t‘z‘% ﬁlleB?éé\D thet) car bsr e groperdingeto the present

inventjphesent i nventi on.

SEQ ID NO: 85 is an oligonucleotide that can be used according to the present
invention.

SEQ ID NO: 86 is an oligonucleotide that can be used according to the present
invention.

SEQ ID NO: 87 is an oligonucleotide that can be used according to the present
invention.

SEQ ID NO: 88 is an oligonucleotide that can be used according to the present

invention.

DETAILED DISCLOSURE OF THE INVENTION
The subject invention concerns isolated influenza virus that is capable of infecting
canids and causing respiratory disease. In one embodiment, an influenza virus of the
invention comprises a polynucleotide which encodes a protein having an amino acid
sequence shown in any of SEQ ID NOs: 2, 4, 6, 8, 10, 12, 14, 16, 18, 20, 22, 24, 26, 28, 30,
32, 33, 34, 48, 50, 52, 54, 56, 58, 60, 62, 64, 66, 68, 70, 72, 74, 76, or 78, or a functional

and/or immunogenic fragment or variant thereof. In a specific embodiment, the
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SEQ ID NO 88 is an oligonucleotide that can be used

according to the present 25 invention. DETAILED
wOoRBGHOSISRE OF THE | NVENTI ON The subj ect i nvenPCoOMS2006/015090

concerns isolated influenza virus that is capable of

infecting canids and causiqg respiratory disease. In

one enbodi nent, an influenza virus of the 30

polynhél&ﬁﬁfe'c%&p?@ég’ﬂhb SBSlestidAle {{%‘1% SRS ?]9%0% ? 3,5,7,9,

protein having an amno a sequence ho n any
11, 13586 ]bl&@l 23,23, 27629 81, 47,491 31, 5B455,1%, 59861, 30, 6237 69 71,73,
75, orzﬁ 053’ fra@&ieng 81‘ v%réan‘t %réofg L&n-mspee,lgc e %oglgggrg,r Ergmﬂignza virus of

the préd¢ACinvemiadn is antbie HITUVREEEHN el iEAGHER Hon® Inf¥@Ed 80s and cultured
thereof. In a specific enbodi nent, the WO 2006/ 116082

in cellsT/ce8P Aerding (o orethpds gesoyibed lhetsr. dbn oexenigdiedtdnbodiment, the
lnﬂuegiﬁc\%ﬁﬁgé Q§T?ﬁg%n&§gayom in any of SEQ ID Nos: 1, 3,

17, 19, 21, 23, 25, 27, 29, 31,

4The 48hje&linvaBionSdso 2dncend; p&imuo@e%.ud@@ tha@%on@ﬁse &l or part of a
75, or 77, or a fragnent or variant thereof. In

gene %rp%egp§ P2 SRRRAICrSamentef aprhmﬂy@p@awmsrqfsth@prespmf,emventlon In one
embodﬁfn%ﬁfe Rlpdl [go'hg«?ef %healngg’lgg&ﬁgﬁogﬁﬁmﬁ an é@%ﬁ?a Bgmiigggutg}m (HA)

i sol at ed om i nfected I'n"ce
gene, egggmandasp de?Q gene,rmxcllﬂmbsoteies(Nlﬂ) kgenie heateik proteih @A or M) gene,

I,
o FETTTARL P STV TR ek o Enf o
(NS) 1&@{6)’1{1 déee OF ndRActidhal fEORBH &evaﬁlaht o axﬁ)a?it thfe Qenege'iﬁ‘ a specific

genes or a genom C segment of an | uenza VI rus
embocﬁﬁ)@n‘rp p@obmucieptidnef ba inventiomeomprites (ﬂ]nmh@me;g%ltlnln (HA) gene ora

functlﬁﬁll H%FA gl H S{gr(liﬁ_%)tflqgof n entfﬁgﬁg [ lg%genér?codes a

hemagphaingoprosdie haviache gemore Hthé led%@é eh Beﬁ%t%ﬂ[m)n 83; a leucine
pol ynmer ase basic (2 )éW?r otein gene, polyner ase
at Pos&lﬂnd??@ @Phieogst & nesiena28h and/at p areonag at pNsjiop 488 .eversus the

ammo%ﬁ?seqﬂénc% éﬁ‘&ﬁ]ﬂﬁﬂeoﬁ?lcoh eﬂgﬁe&h%a{&eveﬂfo%gtem%odlmgnt fhe 1A gene

hese genes a speC|

encodqzscﬁ poippdptide ihdeingfantanend asidstdquence sern HESEQ B NOs: 16, 32, 62, or
or_a functional fragment or

78, of g FRTIObHopBbr It HORHE HEALTRIRbGIH HERGR! {REORA dere specific
embodnead & HAlknb %Hﬁ@ﬁlséétd ﬁﬁﬂe(ﬁfd@ts@g&nt?@gﬁ&%q ﬁP@FQVIﬂ‘PIb% 15, 31,

of the foll lowi ng: "a serine at position 8 eucl ne
61,0r4{. position 222; a threom ne at p05|t| on 328 and/or a

R gRhe i e e R HETE uipliBn £B504eR sl peptide having

the angindoaddd s&encd mm}rﬂngﬁsl%f swmimsazp&ﬂé/ I%el@t)' P'ze llzla‘lféi nNg, 20, 22,
%m no acid seguence shown in SEQ I D’ N&s:’
24, 26988, 352,28, 3448, Qiﬁ?c@ﬁoﬁfal58a¢fh/68r64,rﬁéuﬁ&g7é)n72 74 76 or78,ora

functl&{nggﬁ@&t 1n%1u1\{ eh&r&fr g%rﬁa{t O varibil tﬁeregﬁ %r{ Ig%p%cggc embodiment, the

nprises a
polynustagtide emcoslh[g/\nhlelammiEQzlﬂ Becﬁ@ce owmdih SEQID W0s:/7-4,160 8, 10, 12,

14, 16011 SHeel 4o 256 30 PSPt A8 30 S04, 5858, B0°65, 4 6, 68, 70, 72,
74,76, or 78, comprises the nucleotide sequence shown in SEQIDNOs: 1, 3,5,7,9, 11, 13,
15, 17,19, 21, 23, 25, 27, 29, 31, 47, 49, 51, 53, 55, 57, 59, 61, 63, 65, 67, 69, 71, 73,75, or
77, respectively, or a sequence encoding a functional and/or immunogenic fragment or
variant of any of SEQ ID NOs: 2, 4, 6, 8, 10, 12, 14, 16, 18, 20, 22, 24, 26, 28, 30, 32, 33, 34,
48, 50, 52, 54, 56, 58, 60, 62, 64, 66, 68, 70, 72, 74, 76, or 78. Thus, the subject invention

concerns polynucleotide sequences comprising the nucleotide sequence shown in any of SEQ
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the am no acid sequence shown in any of SEQ ID NGs: 2,

4, 6, 8, 10, 12, 14, 16, 18, 20, 22, 24, 26, 28, 30,
wG020063360834, 48, 50, 52, 54, 56, 58, 60, 62, 64pPCEAIS218/015090

70, 72, 74, 76, or 78, or a 25 functional and/or

i mmunogeni ¢ fragment or varipnt thereof. In a specific

enbodi nent, the polynucl eotide encoding the am no

d 4 1
ID N©9'1 32?6?1{%”@? ﬁ‘ggﬂlgmsﬁgﬁ%ﬁd%%z@ 314 4@ 649, ?i 519855 37, 59, 61,

63, 65(:67 69, 71543, 3%, 0154, 068 fra@menﬁdr vaBant, &&ludilﬂg amgene?ai(; variant, of

any of SBOD WPy L3857 115,08 455 38,4 93 85199056, A4 hhol B, 53, 55,
57, 583.612%3, 36, &9.693171, 4‘775 79, 0r5%7. 58 adRurther sp@c%ﬁc%bodlment a
63, 65, 67, 69, 71, 75, or 30 77, respect |ve ,

polynyclgetiflee it éheeﬁwatlﬁ@ canqumisgnaNu@lmtldss }- 1 ID NO: 3;

Nucleffgﬁcgsrlrg Qiﬁéjr{)f §%6rllpg 2§f, h%g}éogaessggﬁ %’3 g%oﬂ)zglgl 3%uc§eot1des 1-
1494 3ﬂ SEQ41$J NSD 9 Mclé@ﬁdeﬁﬁ-mij@of SEQ BYNRA1; BclebBdes/0756 of SEQ
he su g}ect i nventi on

ID NG5k QY hede e Aul6b s of SHE B kSt e sadasst 44t 9ESEQ ID NO: 1

Nl P\ R SERAAS S s O EERNE N A8 o

1-14945f SFQ IDANO2 25; MBicledfides2]-75@ f SEQ I NOA99; Nicle&dles 1-1695 of

SEQ [ N2 S RBelgptias i 27 otiShed ity 45 beggiadesie?da dfd m wo:

49; Nafcleoﬁays quﬁ@Qof RE¥HD No 351 5NuZLeoﬁdes1L69@>3of %@Qsllﬁ NO: 53;
27,29, 47,

Nucleggde561];14%3of %@Q I@7N06§5 chleqtgles 75141@|0f $EQ IDII\ED 57; Nucleotides,

5 R8T REE 4, S BRI ks 3y S0 S, EPLK Gl 17 o

SEQ HIQ\ICB 163; Nucleetiddsdez2 71 - oEJS‘I:'ﬁ) b NSE@SF Nublebtidss 1-2148 of SE%ID NO:
fl eotl des 1-657 of % 7: Nucl eoti des 1-
67, Nyrclegtidesy b-06 05 SBE LAY 'dégz Nugleptidess 19864 of NBQ 1P NO: 71;

Nud%%sggt%? @S Q @%N%Q]%Lgpgg tli%eesl ?B@Z(%g oﬁ g%d\j PD 75; and

Nucleni@desl 9:169 Nuwd| $0Q i Iile NCL- 214 8NwdledBHE) dnd daino24cid sequences of viral

polynhtlGorsly' e BeBPRR oo BB R RoPETRIT s WitHB Gh Soapgef §he present
invenfi3 ha®s ai‘slu%e%ﬁtde%s&eh G«ﬁﬁ&}é}fBa&%@ Ac@e ﬁoél :DQ124147 through

Nucl eoti d eo [
DQI12¢16bamd BQISE@Q meNtlsclosmge ommbbmxnd@pomtezm&mby BHehte.

ml?(l:l %{!I {:} i%V rﬁ%)j}gﬁg' ?:‘or%%%s?%ly%%%@ enﬁa@ﬁ’chif Ipagfélucleotldes of an

1nﬂueilzal4'ilrﬁs @f tREQrdsEhiNGveliicn. NTGE 8@ Ejedteiiwendcm7 2o Won&ER Itfhctional
59; Nuycl eoti des 1 1695 of SEQ ID NGO 61;

NO.
and/oNiRPRHPETES fagmenis gpd MI@EQ Qthhqosubm@t m!qme@tjdwd esPolypeptldes

R PS50 A, P RS, R T e o

proteibupdlpmtiade scidiclptOrim fanéBEQtﬂnDpfd@m 0f an iMUgheo }Vird@ 6f the invention.
1-14 otides 1-756 of SE
In anr%emvoﬁg RIDONEREPb Gt lBaepis 6 éhe'olfnvgétsm 55140 aopng acid sequence

howhNk£ fl n S n r
ZSO 5&ﬂoléﬂ{r?lcﬁ:l eo iﬁg?g{?g g’ @’?}Ipq%t%ggsgggg%oégbc%ﬁtzghpif 3toéé2 33,34,

i ¥, t30e 58c 6P 62 64,he0, pi8eON(72204,i T, et T&)norhafendionsl and/or
os ited with Genl%ank at accession Nos. DQL24147
gment Of variant thereol.

1mmufl%$e61bc grﬁ
The subject invention also concerns polynucleotide expression constructs comprising
a polynucleotide sequence of the present invention. In one embodiment, an expression

construct of the invention comprises a polynucleotide sequence encoding a polypeptide
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DQ 124161 and DQ 124190, the disclosure of which is
i ncorporated herein by reference. The subject
wonventieosn al so concerns pol ypepti des encoded BgT/US2006/015090
pol ynucl eotides of an influenza virus of the present
i nvention. The subject i nvemti on al so concerns
functional and/or imunogenic fragnents and variants

comp@“&mgraﬁ 28R a6kl s@@ie\ﬁ@@mdv&iﬁﬁl ﬁ%ﬁ@@’ib ‘ik?és %54'\& 8, 10, 12, 14, 16,

nmpl at ed inc rotern

18, 29)&85 %4 26, a&caoea%,r?& 8#8, ;56J %é#as@ SBaé(D (52 64,@6e681,70, 72, 74, 76,
[ rotein rotein of_ an

or 7800 ?’%@%ﬁ)\r}% lejugél/g H}suno%%?]?’{agﬁlen{ OF V@ B alétxg}%?qffl by a specific

emboénﬁmﬂlthemlymaclmid)é mﬁwdlﬂgeth@fanﬁﬁteadl@ B’&%x‘éh&“sh@% iR @EQ IDNOs: 2,

4,6, §Top2 38, U6 35048 557 a4, 20 200, 35505, 34, 48,360 54366, 58260, 6, 64,
66, 62§337»O % 74 ‘9‘5 or% oigpfgédftheq{ém 3ftd ?e ’ueche as%ayv&,tr?%?@ ﬁ)NOs 1,3,

or a unc
5,7, 9 rhiuhbgénlh 119; agmsnason Qaralami 4916!16523‘ 55, T51E SSUGI &1 65, 67, 69,
71, 7% Z nt| al so., c ncer ns ynucl eot i de expr essi on
0 Stciruct’ 56%98%Y %i M2 S Lﬁ&?@ﬁlaﬁﬂdg&?é@@l@q@ﬂew@éoroﬂnmunogemc

fragmehtCorPFaBia N6t dbPVETRE@ T Ns: 208, §79o@ F8N4 1%”18 20. 22,24, 26, 28,
30, 3%30,1press|on construct of thé [nvéntton conp

3y AtictB ol da, ééqi®r5696@,n@3£ﬁ4n§6,a6&)<ﬂ0y ﬁ@pﬂ dE \AD78 Thus, the
subJe&og%riltl]o%o@%%cg%{]g)ga%%%% O%grgs 0 fgé%rq?%ﬁpm{&[ ‘2' go ySScl%)rtr;dgosequence

sequen
comptifing 2, nukfeotid6 sequb anZ@l bf 3
p g48 n 500152se ee ng 68354@ (131431%1%5201 6’)8% ;3§ 11, 13, 15,

17, 197% 2 25578, 29931,7@} 48;51a 5f3u$fct57oﬁl%|l61aﬁﬂ/&5r 67 68y TdgERiTS, or 77,
ora ﬁfaéﬁgﬁ'fed}tvaﬂﬁntv ﬁlgiﬁﬂ{l%/:E H? 1{alte i La?lgﬁ PSS f#ﬁ%QgR NOsobidy s, 7, 9,

nbodi ment

11, 13séﬁ|,u]e7n<19 zu;awnzﬁ msﬂ;}mpm@ 58, 53555l 57659861 15@ 651%7 69, 71, 73,
24, 26, 28, 30, 32 33,

75, o%é7 é]g a gﬁefelg%d géodwnt@@ emessuggcor@guc’qgf t}mzprevent invention
providé§ fo&fveﬁ*ég&@ﬂ@ﬁ b?@r?'%ﬁeﬁ]@ol{/‘ gﬁké}iﬁﬁdl%cﬁ%g&g !i%%e ilgxpevﬁgg

zgxprgglorgqonszgcts 31 the471venlﬁm geheraBg indtde gulabPy efehents that are
or 77, respectlvef or a

I SO e e,

Thus, far BEN b OFdiMaki il iR fthay
p@12 . 11%57 . 120, % &%43%@?%&%&1‘%1}7 glglaéntﬁgfor%e in, for

exam;%ql, huggm hg@t ce@g, mgmnaggn heg ce]@sg ins8e, hoBtgelBSyeasBhost Oglls, bacterial
(8. i nventi on
s o8 ool P18 1 Ahen? SE RY SEA e ons sa

functhzna:ll ymcm:lnmod:dllde Regolagoro %leni‘dhl’@ihbﬁldé‘ %rdrﬂ&eﬁuﬁlaﬁs‘%hbg&l termination
%ence shown in any of SEQ |
sequerfis iagsla&gn ten_aLl?naui)g seguencesy enl@ce@;andgpoly@bnyhﬁpn ¢D:,ments As

used ﬁélvem53he Etépm 5%}&@1@9910@]00nﬁﬁ10t’6§ef3g7 690 éin&é% cgs gFgelc acid

7, or a or varil ant |nc

sequeny:gq; tha provmlesafwy tahsc@p@oh Df I‘@opeﬂablﬁ lmﬁed fucléc abRl debuence. As
2 29, 31, 47, 49, 51,

used hé%ln %lge te%n; "‘oé%ablgiink%% re%\gs tqsa] Juxé@osmgn of gle compongmts described
whereifi the bompon€f €€ SEROSLTEHa e P%ﬁnﬁxtﬂérﬁ 36 FQBRNS ttﬁegrcltn‘cended

of _the present invention es for overexpressi
manneg If’a&?néli?ér%’ma}?b{ hlﬂ@é@ombMS:arem catgignbug ll&tatﬂoﬁvent i on.

tru of the invention generall
T %uﬂgés?%hgu%gﬁuct éﬁ Y RRLLOn, %cog}pélse a%romoter sgquence operably
linked to a polynucleotide sequence encoding a polypeptide of the invention. Promoters can
be incorporated into a polynucleotide using standard techniques known in the art. Multiple

copies of promoters or multiple promoters can be used in an expression construct of the
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functional in the intended host cell in which the
expression construct is to be expressed. 20 Thus, a
woenowanest ordinary skill in the art can sel ecPCT/US2006/015090

regul atory elenents for use in, for exanple, human
host cells, manmmalian host ¢glls, insect host cells,
yeast host cells, bacterial host cells, and plant

inverfiB! Ix’fgékﬁ‘ rrs%cpelﬂg&il ?p%%ﬂ ter Ea!?leo H o%%? goﬁltﬁérga%esdlstance
are ones tHAF are uné ronal "1 n ca ne cel €

from Regidnatriptionestatreitd & the ekpresiqar cmsiwt 35 ittis fsCthieptansdtiption start
.term nation  sequences, ééanslat|on term natian

site iy &g datEAd gengliteiepgIena ngorpp M yaghioRyin Jhis sHisters e meguitted without

substgrrctla}' 3&9%@@ 'h’?t)ﬂ?)motté}eacﬁﬁftf” A%f%&&gﬁlbﬁ Rtaf AR LS H{b;callgr &f@hded in the
to a conbination nucl ei ¢ aci sequences

eXprepﬁnQn/ inEQuéto Prefesabdc rthq)pnonwtamfasmmtqdemb by ekpragséeh construct of the

inverB g By EieS o R GP Pap PR PSR Pk R Tecbte B imvention.

C PIPRBRMA Br deswith BE dxpraf@iiodstiite of ARFRAVDIELS iR E@akybR cells can
relationship that permts themto function in their

be of |Vﬁ@]eq1‘d‘@8ulahgﬂg]l@r Virah Pepenipis[inclegee paloirg np§ Jikied to, cytomegalovirus
xgFIRTSNLRAL S SO LUl a7nadl il i SV) en

promptersiremoteofutialad pagiatihgludd, boked nodlimitpd oy, @Hﬁhﬁ%@h@ @romoter
sequence encodi gg a pol ype&tel de of the invention.
and asHB &5pePEORAT  BEMolEs PoRbledar ust oVl pbIcgetie cpptuct of the

inventigh Q@y@&s@ BARY ﬂcl‘iﬁg Rt %Haeﬁ(ftkl p% fol 3::%5% e;ﬁg)‘g}:ya %ﬂbet cﬁlas% ¢ promoter,

copi es of pronoters or e pfo
glyceraldehydeR phesgiatn debydrbganate gfrombier, V‘ﬁieﬁmmﬂﬁdﬂﬁﬁlﬁ)&i’romoter alcohol

chhw§CT/U82 06/015090,. 13 invention. In a preferred

e e RTOMQIe], AR BT NASH PO t i oned about t he
S qfTehetxpk B8 cohbPwbt i bé @Mddﬁh'&ﬂnﬁé&[c@d $htb€ pBnt cell, then
the expression construct as it is fromt
plantt vigghsprpmptarbnsushars, fos axempple, |2 sawalaweal n@e:netwms (CaMV) 358

o B0 R SR8 BB o Bl BHETES iy o 10675

and Ait;tlDQ’i)D yr a RaMANSs rpr@hoen cat Wﬁseﬁl KBhd:@rbMBte@sﬂ{Hay can be used for
ncluded in thgg%% E@e55|on construct. Preferably
expfeﬁfﬂ%n FORSHBtE AN B & Faiﬁnaﬂeaeszsh@%pr@m%@n 4pp lnf@moter heat
i o . e
shocl® rg%g(‘)?er@ T‘I A Bcglp{/ %Yé gt%{ If)gzél A cﬁciz; | h@@lkgﬂaﬁﬁroﬁgse promoter,
chalcéaneo sottlerss A CHsA) wrdrhotan frexp petasiap tobacses PRulc pmfmdtdsre ubiquitin
i on eu otic cells .can be of |rm
prompy@Y i Bptgt X, ki Prpginge WL ProforBiels Bl 08 dgaize Wip!

prombiief]i ﬁlﬁﬁet@pACgérfénBﬂ)%&éﬂ (US. ﬁa%N&eﬁ%ZgrlQ@Ptﬁéée CDPK gene
SV40 rI£ or |ate pronpoters, or Rous sarconma VI rus

PTOIHQTRSWd SC{DS %Ucrmmeﬁeg (U §r Batoutd¥s 5g¥34c82) chmmalsobé gsad. Root-
b are not mted to, desmn
P emﬁ@ % MR éé%he pr o}lmotfe ° BrORBEE ng@ﬂfﬁsa%%gng%f v rsEP 5 %batent No.
6 455W6()ho1amj FX ParasiNY) 6,696623/Cér af tphbﬁ‘shed nMQW}baQéht' dplication Nos.
ce no

2004 3R HBHDYRTRD8L <IAOR LT SRR 2T 36 GO) Uy ERI0S0123349,
can bg Ellg%%‘t?taﬁ %Pﬁgﬁoﬁgégﬂﬁﬁg:’rc gf' g{r%ég&ﬁloﬁfg(%&ox{sﬁwfvg E) d(!)tﬂoters (such as
the GaMZ\kahlqun,paajm;)toe NO3 Eprbﬁqoteh)e demblﬁﬁsntﬂhy cpniiiddiplondiers, and

. t rovided in or introduced in pl ant cell

incu e Arori 1554 S R HBREIES Gt A8 /e B Al bl hormones,
or chéifiehls§ QW0 RSEhSlatél TohSuse GMbolFRR leotide expression constructs of the
invention. Tissue-specific promoters, for example fruit-specific promoters, such as the E8

promoter of tomato (accession number: AF515784; Good et al. (1994)) can also be used.
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(i ncl udi ng the enhanced CaMv 35S pronoter (see, for
exanple U S. Patent No. 5,106,739 and An, 1997)) or a
wQ@ahé/11882 pr onot er can be used. O her pronot er BCTAR006/015090

can be used for expression Agonstructs in plants

i ncl ude, for exanple, prol i tera pronoter, Ap3
ter, heat 20 shock pronoters, T-DNA 1'- or
Seed-Qpech REomtetsfsuph as e fraemetes frq@@lay@ﬁolhasmhn ras gfor example, of

ALt ALERNE B aese BASHT, By ST e

ad:"pr nxmesmm B pro’iuyétig eymerﬂi QAEx@fessibh RbnAFRIBE Ble fntfhtion can
1993 r onoter, maize trpA gene

compmeomg%l,terf SuQ] aﬁ?a’f{‘?é ﬁFmRBle ke phgsphatpssi premoBreK iyploghan (trp)
promdléxgﬁﬁi’ﬁ‘t%%’zhaﬁggﬁﬁgé?ls gquetéﬁgse reﬁg{e? rlﬁétyseg%ro%k% It)holx)promoter, T3

promqigrg %ﬂogrrgoters 9t I‘-’acagomm;cr (ﬁe Bdee epazlq o8&y, sequences
455, 760@%{ U. S, Patent

d
%%‘ré Sg %’E%tm"sr ‘ifa ‘Bu H?W&H%fa Tpass onbigralft caBiin chttrapscription
termidH6is 004 &BhllatidR A4 LNa S
OO%OSﬁ?SSG 20030084436: 0@20040%2%%%%3%% eperding. g signal
peptidg; pRd/gh e@hﬁﬁ@%ﬁlwlﬁ%nsﬁauwlpbﬁntthnfnmﬂlbmmregmns can typically be

obtamgg 'ﬁl%hi fid t3l W%@%ﬁ; ?élgsl 6 % 8@ %%}?L‘}?S’ECF%G@&E% JFratnscrlp‘uon

termlqatlmnnsecpmacesacmh B9 positoreidbd BvistroaR toFT =S cddHE @ecﬁﬁn&é‘ & Brovide for

nDters than,can be jnduced by heat, |ight
efﬁcwﬁ‘g? o/g signehiepfids) seqpence |18 @ $oHt aminbaacid séqmenass typically

i is
preserilﬂﬁfa]f/ ﬂ(lehﬁ ?ﬁié%d‘ié%ngg% ggg g&é%ﬁ@;ﬁ 6?% n@%ﬂ i f'cfr ﬁ’e reiocr@,EP% of an operably
linkedfmajure- gqjﬁmptld@ ta ovite nge of podn-tﬁmlhfl@lalESelhﬂﬁlod@hﬁa[t1o@lfs ranging
fro %1‘ on nunber: AF515784; Good et al.

m %\ 156 ? ; %rg j{s ©5 SOTpRarfachy togites ool proteingaction and the extracellular
enviroRGENULROEING 1R Brodlidis 36 86 nﬁ&ﬁféﬂ cbiulRY ree&ﬁageqﬁlﬁr %%;tlnatlon

the prompter froma (3-phaseolin gene or exa
through; the, uge g@@mpp@abla lg1kyd istginal mde (séqlrenee(&nq:dn&mlﬂﬁted for use with

can o be used. For ressi on
the p Oﬁﬁ%%? &E ar yﬂ{ |ﬂ1c¥ %éd;% efriassiga] é’iﬁﬁc@?sfi‘rs FIEHger peIB? thak éncrease

gene tranwa'mtlbn rand a:an aIS@TWﬂnSl@d&[ B Rk Pre3s6h c@ﬁstru‘épr Chassmal enhancer
al kal i ne phos hat ase pronoter, trypto

elemer(tf P{ﬂ lmogvnpmo ql . but g5e onblimited (@- e €MESSS enhancer
1 r t ter
) emergr gﬁng%]g%alm&l@%p om) gl%ﬁ%m&h%gﬁ&f & ente&g aﬁgetpe gt/ 40 enhancer

elemeny) Intrcm@@@ghateamhmr elnmemsshart ld:ﬁhalcefgeﬁé’l@(préﬁéﬁﬁtdr@ His§®Mown in

optd. ona ontajp a transcription termnation
e DRt ML BB S s Ssnen dad e ointation
depende@fjuence encoding a si gnal pepti de, and/or enhancer
elenments. Transcription term nation regions can

thYPidc apqupnens  1hicdbtditieste golyadenyldtien3of uUnRNaNStaak@tbed from the
ene sequence.

I
cans L0, Qg YRGS SB2 SEONETCE e o o

limiteddoymsdateine Sfntiease 0holhling SHRRNEE slofaPr OVi de for
icient termnation. A signal peptide sequence is a
?’rti‘é’lr qSSIQmCH%St%’@TSdmﬁ alaédrdeda gnsi as adry dopiresieseleciablé hﬁrker genes,
1nclud1ﬁ 19 ek@rﬁ ; ng&egfen@ocﬁﬁ taﬁﬁlgf)ﬁp %%sllsﬁz%gé eaﬁgt}%gigﬁnmde resistance for

e rel oc an opera
selectn;g;trgq;s&pinede:eﬂm An%dﬁcrraﬂgaidéfgeﬁ@sséant Ppr3vRledbt RifAtance to one or
%?h %Jllar destj nations, ranging
more of the following antibiotics:  hygromycin, kanamycin, bleomycin, G418, streptomycin,
paromomycin, neomyecin, and spectinomyein. Kanamycin resistance can be provided by

neomycin phosphotransferase (NPT II). Herbicide-resistance genes can provide for
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15 froma specific organelle conpartnent to sites of

protein action and the extracellular environnent.
woan@atensy gene products to an i ntended cel | ul 2CTAISA06/015090

extracel lul ar destination through the use of an

operably |inked signal peptisle sequence is

contenpl ated for use with the polypeptides of the
resistéxﬁ:\é &8th %}Jhll’gtﬁ?&h %@nl:t RARSBCEL Sr gﬁfﬁh& a@)ttﬂe{ﬂ%ﬁ (GTRILS for cell
that increase gene ranscrlptl d can a e
transformedtiodestréemirigh encéuder dss pennciohmitedido,. gédeasatadihg B-glucuronidase

(GUST BrepiAetosiiiee fftntage. hohalian oion G HSIRPBERSl ppghdpnsferase
(CAT?'g@muorssm&mqﬁ@deﬁlv & MInRATRP @raggtak gI, 1BoBRNCer

|'ement, and t he SV4 enhancer el eme
| ﬁthpoﬁubﬂﬁ@ﬁ ainsentionh salecer casicems ntp@lsmnaheofedm avmféorgenempnsmg a

e
restnafolnea’mtzﬂhb Gites c@pbe tiehided 25 tRINN HEAPIRAGEL ST Wi le&PresHidrEEdnstruct or
adenfyl ation of nRNA transcribed fromthe
Polyné%ls?t&esq dhe dwieation & allow fop igsertien inie paRebmurisotige vector. As used
n b
herenﬁxt% fc’é‘gi O%C%a}ns%%tysgh f@%ﬁh‘?ﬁa@gﬁg}t nlfﬁocél?cflﬁ% B exatnﬂale eplasrmds
cosmsls,gclabmogomese phiags) dinns tnd mes hka nwhick ds i dapahlel Ebf avglickion when

re dom nant sel abl e genes, .including,, for
associiedwiiG Pr@%?’ie‘?“@ﬁﬁ&f?m?&tsa Bhist 0 G155 AbenuslRafids Sequences
betwé%ﬁ rcl%‘l'lsC | i€t 6:8 Thfa S Budltide 30 &%E@ﬁlta‘t ﬁ&nﬁfsQHét/&rt‘?ﬁg replicate in a

|'s. Antibiotic-resist ance genes can provid
selectp@éxpsttgqh]ceAt oumbher of venbers apé ayh@b{eofdrmmprﬁgsmn and/or cloning, and

1nclucg¢?trbélgltagtl (ot 11m¥tg<igc #3@@2 %Iyrg?s t}v{igg%rles p(%ﬁ/? series, and

pBLLMPmm@mswﬁwgaﬁe/@anon@@@b%p@m@ﬁ PRIRéRWHed by
neomnyci n {)hosphot ransferase (NPT 11).

Hehe| wbiset isntem e gevems caligoppdedtile probesnand primers, such as
/ 5
rrA088! SAREECFST (HERIN0I2000, oA 533! 05Ecdfng or momcocin

sequeﬁ]:eh ef amblyﬁudeoﬁc&d of ahe ge¢dent invensdOr n@ligeuckotiée protgs of the
|ncludgﬁ but, are t g;nlted t o, genes encodi ng
r P

invengien ¢pp g Bedads éne r detectiag Arifusarel adws sl @pidsgequences.
Ohgo?@cﬂ?&tic@emﬁﬂ&% RasBe iGEhAERIRPBE rﬂs@d’k Ggg? WetHol %B@r "{‘xge? methods

CAT), dreen fluorescence protein or enhance
invol\GAP nfeiecacéd ambplificali®@6)In EBprlﬁ@“reslud:mla&hmemV entroonoapsmer of the

55 B SOt R SR 3 e spapnciions.

Probed B8l preRs b ehedinvehior BUEBSi ALY le'BinﬂH@e arc%%fcfdbfé la%‘l or reporter
enzyne sites can be included at and 3' ends of

molecate, SR¢Hy @Ssﬂmﬁs‘:@bh@pmmes,cﬁnzymmym;@acélorfs mraefdf anchthe like. Probes
o SRS 80 ol 4 DD LR EhBY o R bERLS i

they ambeugg Bmlplclyeél my’pmhlly,lpﬂ@ﬁds dlhdl gnfné["s @ﬁ‘tﬁﬂﬂiv%ntldiﬂ ﬁfﬁﬂb@ $0 to 500 or
chr onpsones, virus, and the

more flEqdeL rlspeit FTohes e prBE Gt AR 10 A8 d0edl 10 40:41 to 50,
51 toJ0ORE %o (7@ i ol 86 EMRNGS 931”@61’%' 6h 16?%{ trﬁo@%%(l?leotldes in length are

pol ynucl eot1 de sequence€s twéen cel
contemphilt@l witkinribe bapeiod¢hesmyeaeitne hivat ephodiniat t frebsseeid@rimers are
any of 8, 16A1 981 85,10, 35, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, or 30

nucleotides in length. Probes and primers of the invention can have complete (100%)

nucleotide sequence identity with the polynucleotide sequence, or the sequence identity can

be less than 100%. For example, sequence identity between a probe or primer and a sequence
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sel ected host cell. A nunber of vectors are avail able
for expression and/or cloning, and include, but are
waaboeliienst ed t o, pBR322, pUC series, ML3 seri eBCTSENL/015090
series, and 15 pBLUESCRI PT vectors (Stratagene, La
Jolla, CA and Pronega, Madiléon, W). The subject
i nvention al so concerns oligonucl eotide probes and
can bePDINEDSYs, QUL IBS6, IB0h,YI0R%. 288/ C BEJ6N 75BRAT0YOBr afdBiher percentage
primers, t hat can hybrldlze to a codlng or non-codin
sequenge ddrafibsolong ap Hioymoks @orimaer cen by biadise é@@tstrm@éfrﬁomé%lons toa
e e
nucleogdé gé)c{ﬁ%ﬁéc? Sid ogoq&ﬁ[ g«%t%ﬁ% 8% thteqﬁvenlngff @S{Jﬁrgl llﬁﬁd;]]l)lk&lﬁgéjazngcb&mers of
the m\&ﬁqmenmhﬁle tﬁ&eﬁavgxgnhmhm&dtﬁle spquenes shomfn intaayiof\8&EG IIINO: 35,

sEQ 1t e abINO Ao AR ET Fo i i o 25,3550 s 40, SEQ

ID N@@O@EQ@DWO"MP fsCEQf 9N 438 EQAD KR 44) SWE@TDINO: £8Rnd SEQ ID
hybridize to a pol ynucleotlde of the invention under

NO: 4é,tcn iarfgeetiongloitalinént ns varidat obey efite BEQHBYNOef33-#e

vent | on tionall r|§ead t abl e | abel -

oRY S PPl g e okt Al FrpEole " dif o clhGaucteotide

refer Wzé/ NRSxyiFueR6# 4, © ribBimRldotidén @rtiﬂembie&e deS¥eiRsudéotide and
primers of the invention can be of any suitable

r1bonu|c]@ﬁ’gdeh pphimarhia githasotngle- s seyblerstigndadh forph egnda paless otherwise
e s L

manner mgh&turaﬂthemmgdnlmledﬁdE§ thaynmricdtid® sequedes Zﬁchncte the DNA
to 40, g 51 to 60, 61 to 70, 71t
Strand@iqtteaceg@at o0 ‘P%trw@n o nip KN anebihe TRIA A60RA. 46 o be ranslated

into ﬂr@ﬂ%ﬁlt h ep co‘flﬂﬂérﬁéﬂ% t Q(im &,h'o@ mER a@fd t ynucleo’ade or
I nvention. In“one e rotbes and prifers

oligonB@leatide of tBg pté)sentlinvehﬁpn 18, a1§o4 codtdmpladed Imthid 8he ]s@ope of the

. 20, 21 22, 24, 25, .26, . or. 30

inventia | Bapefidleotte reies’ i edide, Aot e Sitg Rapnces as well as

shortel R¥QIENE&N dedvedN Ever SRR Idhgthl QB¢@encaUcIBRL k@lfect invention also
sequence identity with the pol ynucl eotide sequence, or

encomphses e ipseic @0l y@éﬁl@w@%céhat trge | eemplemgntalp0dy Rspuence to  the

polyn BB BRER G G oA R BB 5 S8 thiFghion can be

prov1déalihb|mi%!%r i983%ed Goith. 96% 5% 90% 85% 80% 75%
7Q0% or an% ot her percent age uence i denti.t
5

aBeqayee pf éieng?neﬁaqw? the @@nﬁgpo?q i 2 dagipiyet dsffgreﬁbmwnucleoﬁde
f
sequel’éng' dif | E{i’ eot : g%cﬁ}é}?éf)ﬁ% %?ttljledﬁrte? lﬁ?\%}%ﬁoﬁ 'A?a?a}e?lc? show1n% all possible

ynuc the inve rob
tripletandonsr (ane wherf U aldoestans dort Thoandi the Iannimi) 4did sncddad ibygeatieodon is

descri%#%nel%t g 1%9“@%@%%3 lg/;ll v%ée? {hﬁSSE% (IJ %pl\cle(r)%%?qlgfsd in the art
to cre&!@ all%%ah&@@oig@u@i%mfeose ebfdes |chcN@-1% , SaRted o QSMH&I?E‘; the same,
44, SEQT1D NO 45, and

polypenm et 4be emea:tf imentiomal Tlmg néngencrata/ avirint arfd aadgcrnatlve
the terns

polynucl%efj)é]&e sgqlé%&cas Are, wgg%ﬁa& S¢gpe 83%% gﬁbdect Nhveéntion: CASRised herein,

refererid@k it@ OBdsEhtROlyi tHe sameebRfuchd® @fcdle X 3gubiRs GIeeH Eftdde amino acid
ri bonucl eotide, or a nixed deoxyribonucl eotide and 10

substipitigph feletigns. @éd}é)@py,n@rmsqm@qst Yhich glorngit gnateyially alter the functional
and/of Mluﬁogseﬁcaggt?\qtyf BF the %‘8%@8&&5 En¥hbe rb\gﬂ the polynucleotides of the

present invention.
The subject invention also concerns variants of the polynucleotides of the present

invention that encode polypeptides of the invention. Variant sequences include those
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limted, would enconpass known anal ogs of natura
nucl eoti des that can function in a simlar manner as
waabesriaédsy - occurring nucl eoti des. Pol ynucl eot i #eT/US2006/015090
sequences include the DNA strand sequence that can be
transcribed into RNA and the7RNA strand that can be
translated into protein. The conpl enentary sequence
seque%esaﬂﬂereﬁﬁccl:rﬁ:! 1‘38#6 L}?Pé?)lti}.[iéwgf ﬁl%.téegl?encé’ 'ha\:/leBbeenI substituted, deleted,
ol 1 gonucl eoti de of the present invention 1s also
and/oc onstred| Bheuolddtidentinhearsiopbsiititedfor natorabntélestides of DNA have

Pol ynu ot i de sequences also jnclude both full - gth :
o basg gy b8 X THERFEL 40T o e Qe dntis SO iRs s SapmouraciL
hypokdhehihé! | ILmb@PHubnine BIERARSy ISR, MPLRFTtdIDASEY IR RbSOmoiety of
enconpasses those pol ynucleotides that are
the n@glnmn%nm@amu?mes@@uélﬁ@ et motlfied gl jnelislesobitdissnot limited to,
il LA 158 Yo oY DY SR BRI HESBLARES Bmine, e

uracill Baxe@tof dhé @ubleofdRaciBebd imddifeedd @gBN&LALY methyl,héhd/or thio groups.
genetic code, a variety of different pol ynucleotide

Sequenisg) e @igingapncisotiga substsuigps e pelptimmso and/pio Inserdigas can be prepared
' j t ing-ahl nossible triplet
and&%gggﬁgg%gﬁgéﬁﬁg?gﬁﬁ%g?ﬁ%wgPgﬁggﬂfor T) and the am no
acubisténtaded ahjineacils cabanthis thekesspetifieally rexéaplified or naturally
1985). .In addition, it is wel| within the skill of a :
presele R 8 1Pl YRIP LG of 10 RVCHHDR 285 plsoCIoBIRTaPIFY oD g scope of the
preseROIY HINE OF b8 a8 SIRAERnRIICAHINB %l A af B subSfituted for the amino
__essentially the sanme, polypeptides of the subject
acids joff penolyipsptideT e denglasgtbe @obpepticer haxittg tha dubdtitwed aminoceacids retains
lynucl eoti de seguences are within.the scope af th
substBHHP R SR e BRTH REEGDCE PrerolvbePie i PERBauThg als have no
been sebstignied. al Bxaniples 58MBn-nGR@]CERor RI@F fchRleS BAUBRCES limited to,
_which encode amino acid substitutions, del etions, _
ornithipgyjcitrdliae, hydraxypealineohemogeriap, phensitelycing dauriel jodahtresine, 2,4-

. Jnct-i;0 .30. i ' CLI.Vi of e. .
e R ACR R0 AL (L TIOHE BaChY Ll M s -
amin@betygotcidny-antinohexahbe &ithjcethinb MégioiOicial BamENe6kigric acid,

yarianIs,of,éPe olégucleo,ides of . the present ) )
3-amid RIRPIOBS #3itkt DRICEHS: PRI FaRSInS: BORBCII icsic acid, =
butyl MgEih@N - R@ANERRES ¢ i ind 160820 _ami

- A e eeS 7 h?’%“%@ﬁﬂ%h FRIMEANRE | {P8Enine,  fuoro-amino
acidsydesignet ardino asidstsueh sefuretbyl drawe aorlsnCandibyli dmine cicids, N-methyl

. del.eted,, and/or,inserted. The nuc] eotides that can be.
aming G841 2R R, AP B 0 AFBTR] dBenTR BRI el include
amin®asies lﬁ@Viﬂ%Y%eftihéﬁze@aﬁdé Fﬁddg@lg,l«*m&m@ren%y ok A §fhiddPacids in the

i nosi ne, uor our aci romouracil, ~ hypoxant hi ne,

protein. Gagt by iy thenP ridexteorpisryfoept arsh. fisyomaty) forny| adlslic variants of a
el O AR TRL Bt DL AL s e

scopel df et iddlerttion. ar abi nose, xyl ul ose, and hexose. In
addi tion, the adenine, cytosine, guanine, thym ne, and
urdRine aadse sanyrber grnelly) e¥egasd danthsefolowiing etpsedst h non-polar,

ot i T R O U TEOUBNSES gy or
presentrigeention mvingranbanimoepat eflone class is replaced with another amino acid of
the same class fall within the scope of the subject invention so long as the polypeptide having
the substitution still retains substantially the same functional activity as the polypeptide that
does not have the substitution. Polynucleotides encoding a polypeptide having one or more

amino acid substitutions in the sequence are contemplated within the scope of the present
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and tested using standard techni ques known in the art.
10 Substitution of am no acids other than those
weoepewitficosal | y exenplified or naturally presenPCrus2006/015090
U pol'ypéeptitde” of “t'he” i'nVent i on are al so cont enpl at ed
within the scope of the pregent invention. For
exanpl e, non-natural am no acids can be substituted
ol
ey g, e, UOMBAREARIE b a8t A0 B8ob0fe o cach
class.sBipgtedettérailiyo adié ablaeeiafiomsctre defidedan flabietl. as t he

p i de | n. m no, aci.d ave .not 15 been
CSiseeR el it Veiehst o DiBe SR Of lyeire WS (B pigsont invention can
be gehéraled dl@mg*%tblnd@i’fdf%naﬁbdd lh{BV&tnelﬁ th@art aBd Risteldi BRthe presence of function

. citrulline, hydroxyproline, honoserine, phenylglycine,
or 1%@98%01'[3’ @é@gy&t@@%%tecmquesdkmwmnbﬂmym c Fatiedample, for testing

fragn% ?%HC ya 2P gf a{ ﬁelﬂgtjmq%dag P{)Tg 3 %&'@é&ﬁ?ﬁgf%e%&e@c activity

can baa$sdyed6 'Hmsm:n dsldm&m skiked &itlsezr@ﬁlréuﬂlllyﬁﬁ@b&é/ EhEte8Chrabments and
no .propionic acid, norleucine, norvaline,

variards, O gopalBhCPRBRE the GRYCRfig) a@@si@@in@lr@cwhethm thg’ fragment or variant
retain® H&tY\Jl r¥1‘5f19 to fulll tgl_oi"‘lfl ABh-DGria Eggﬁé o&a (ci ne,

cycl ohexyl al ani ne, ani ne, m no acids,
d@gl}glneheoiaiﬂsnmch@plm)epmdab amtempi&tbhytwthm e asipdsof the subject

. - et h ' [ th ci.ds, and ami no
v B B85 b P o B S S R
with thb&eOsetjiécbél6f tha Thnatiss 'sﬁe%lﬂt%}'lg @Qerﬁ?ﬁﬁé@ﬁéréﬁd "ﬁl'e%ﬁc&uence identity

groups. Furthernore, any of no aci ds in
will tmlﬁﬁl ibe graateidan b0 orefergblygreaterdhar Y3%f mora pefdrably greater than

0%, Gt BB Mot Bl ol ot AT R B 581 " dency
and/oﬁklﬁﬁlaﬁt}COﬁQQaﬁﬁﬂcél\bdnhbdMQ 59, 58.C5083054 t9%¢ ssnyﬁrﬁsl 89 60, 61, 62,

4Am acids can be general |y categorized in
63, 64, 8P Hnidrgd® 1695 L sr1, az)rﬁpa‘ﬂ,aS 76,6 fdr Yo d0pdl, 52 8h&di 83, 86, 87,
i ghc nger yat S 4t ut reb a .
58, 800, 34 Uh.Co3, NGB YA 9u Pt M I BMPAD R £ Wanfbnce promolified
hereima ci/lessfotberevisel @s&ﬁedg aselpécmwein\@etdmﬁ%qhhﬁié 1@dﬁt1|ﬁ}0a1ﬁtld)1€b1mﬂar1ty
of 30 the sa | ass fall mnthln the scope of th
of twg SEIURIES] FRtb N I HETRRP it et HEORBIY g dfara@ amglviligghul (1990),

modifiddas 4P Kla it ah@NA Rdchl] f‘j@t.%)a' cHURSh Bh{}ﬁjl 11’&!?)2@0?%? into the

functional activity as the po ypeptl
NBLAQS&T/ ang hKEBEASST iptagraron .of Palischuk keat.i 1690enRIDART sarches can be

prtoBLBRP Y SHIAET 81508, Lo LS g0 TR BEL 1 4o g g

with @BelesizaDgeraéni fquice Sestit 129@%1111 4 alignments £
PCT/US2006/ 015090, [ -~ 5 HeRbed lignipents o comparison

BLA%eF‘gdrA],Cﬁhg t%ﬁZ\aS?“hHo as X ﬂ?efsdgfé p:agei%%e E:tﬁ% r%FQF%we programs

(NBLASB‘rmdDﬁ%ILAS’f) eanebedgbil.nSek NaBlr/anHaNeJoane.Fr agments and
[ tides of influenza virus of the

f pol.
pABE Riberh R fih dls copiemplaias: hosel npdymglestian daplecules having
sequeﬁﬁ;%% Rafsh &@%‘&fﬁdébﬂty%nﬂﬂé RO YifrEHE ‘gglyfnﬁgleétjﬂc?e Oﬁﬁggn%ng Exemplified

functi on or “i nmunogenecity
hereint %bamtoqpmmlﬂ(]ﬂbd}Mdlzanon tvéthathiat sd?}nenc&xmmaf gtanfil@t stégdehnonditions

and standard methods (Maniatis et al., 1982). As used herein, “stringent” conditions for

hybridization refers to conditions wherein hybridization is typically carried out overnight at

20-25 C below the melting temperature (Tm) of the DNA hybrid in 6x SSPE, 5x Denhardt’s
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fragnments and/or variants of a neuram ni dase

pol ypepti de of the invention, enzymatic activity can
woeowszenged. Thus, an ordinarily skilled arti saATAE2006/015090
ieddl Y prtdpar e ~dhd v t'est fragnments and variants of a

pol ypeptide of the inventionand determ ne whether the

fragnment or variant retains activity relative to

[A+d
soluti g,lé 140 eoth(l) Pl g&éﬂ%& gjg%gggx g@g@fggfnﬁ%u T, s described

by thé foélosmbrmﬁlat(ﬂeltzathled@%)t nvention can al so be

STy () beaNan itk FRge b odrmabn@edin of duplex

mbagel’b\éﬁgtl on specifically exenplified herein. The
sequence identity wll typically be greater than 60%
pr aﬁlﬁabﬂew@ﬂ@b’twlﬂmﬁwﬁﬁmmre prefer abI y greater

Al o rks b aSoel B 87 R R s B 01%7SDS (ow

stringghd¥i Washhty of a sequence can be 49, 50 51, 52, 53
54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65
6-(2) 68 Or@‘g at7@‘m-$q C7f2r 1-,53n111;14tes 75 0.2%, SS;P,E Qg% 'ﬁg)S (moderate
: 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92,
Strmgggc,y‘g%ﬁh)'%, 96, 97, 98, or 99% as conpared to a
s diwenbjectenespionfal®dconhangivital pdoteisandteptitdssencoded by the genes

speci fieq, sed herein percent seq ce identit
of ancjffcsa gy o e resgil (YGRS B B CEReTicHie fich geptein s a
matulléqJIfQ rdtBie. 3h Q%f)éélﬁ@élﬁﬁodﬁﬁ{ehi heghufd 113 gﬁ}H{en{ éﬁﬁﬁlses 6f or more

led as 1n Karlin and A'tschul (1993
of theafc@bwmgmalssrmm @topcgsmm &11 a kencine mepommsxl,amﬂnmmsat position

[ ogra ofAItsch 1 O LSTsarc
27; B ETrsPhinh arentiencRpy s sragpified SoppaRicitoBe Htue HA
proteiolid| #nghtho=acid seq&n@@%mvﬁq sxetsw CRINOW3S Mot RO AESNCR B4, or a
percent sequence identity. To Obtgjﬁﬁg%lfgl ed alignnents

functiogal aé)é(ﬁsam@mgerpa Hisement oicesisatio 9:58 s b NO: 34,
In angﬁ\i%ﬂah}g)ﬁg n@& gsﬁ%igfg%lrnog A %J{HB%\?A? 7;%0’(631\/2 llfair(l)tlefnz ‘P pro?eln, PA

proteipaoa Nt prcﬁelﬂ{) Wik p(fjcﬁane aid p&pti/@l&@ af ﬁﬁgnve(nlﬁBhAﬁT bamgkd to generate
) LAST). .can be_use See NCBI/ N H website. The subj
antibg il Wi APy icaite 9 B phBsRsidsol Nirl dresios gad Peptides of the
preseAhPGHLE S 84b BE usBRURRAE M'aﬁﬁ 12 5ol dohfosiibhy
honol ogous wth the po ynuc eot I de sequence
e>21"é1np$ubjace dnvéngiori alss goneert cpmpositionsy bud dhezth(bdsoforwnﬂhcmg an

hat se quence unde standar strin i tions
iy g R SO AN S,cRi0le of GBlapingeg Sugativle hos
animd1 @€l ddusing tredpARAY "digeatdi ThOMvehBbn chy BEied 38 lidhice an immune
refers to conditions wherein hybridization is

respopsprgaiist 3n indpenzad i of anesubityyietin atsusc2ptibls hostrsiroel. thee example,

te nfbigatiul G EE 1AGubh Tk sBay- PeriogtR ool Hdd o, m,

H12, fmnﬁlu%xs br|HlB aﬂdtantolﬁu% (;h%t\ty;ge UfON%th,}Iﬁ,Q\CI;t,h\U,H\Iﬁ,g\U, N8, or N9.
L~ 1 SO ut | on 0 enature
In On%mboehﬁ@nhéhft Fgsubbrases AB01d15 Tima firdheg smberlisest thy NA subtype

is N7tcd?+?\g : giﬂLagé%eRgiﬂ %1582{1 2%% fnémgﬁ ( %sponsé?@@dﬁcéﬁqusaﬁls? an influenza

virus fod soietrpel &3NS0 011 engyembodinctuf|tha host animal is a canid. Canines include

wild, zoo, and domestic canines, such as wolves, coyotes, and foxes. Canines also include

dogs, particularly domestic dogs, such as, for example, pure-bred and/or mongrel companion
dogs, show dogs, working dogs, herding dogs, hunting dogs, guard dogs, police dogs, racing

dogs, and/or laboratory dogs. In a specific embodiment, the host animal is a domesticated
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in base pairs. 5 Washes are typically carried out as
follows: (1) Twice at roomtenperature for 15 m nutes
wOonodex188PE, 0. 1% SDS (| ow stringency wash). eeY/USmme/015090
" at ' Tr20 " CH or-- 5t es i1n 0. 2x SSPE, 0. 1% SDS
(noderate stringency wash)g10 The subject invention
al so concerns viral proteins and peptides encoded by
| .
dog, B BFpEFhofld. 30 chE LA ah iRl i§ BB n sffecgve amoun
of annmtruregbific moatpesition | of the sgnmnﬁ‘ lrﬁ/eﬁlltd:mﬁnfﬁl?i&ht td hﬁiuce an immune
mat ur e HAg otei n,conprises ogne or nore of th
respofig4EBap ik A UGA VHES &Y M5 ST OR. e TRmag RsRentgteen be a humoral
and/opQél'lﬁlhloﬁm%aﬂe réspbhR§eC 0 rii%}%bfﬁﬁéthf)b(ﬁﬁlﬂ@%ﬂ@ dﬁ]ﬂfungrreébonse is a
hr eoni ne at pOSI tion 482." I'n an exenpli
PrOtCCéW’Q daimyea treSpmm theitis capable dffpreventiag or tmmrmnng mrabmﬁicndn in the

mmf PR FDS BRI sf Reibbiine Yo Somaiieo o Gabyidtick Thus, e

subJe&Einb@loﬁiOalsa&dﬁberﬁﬁ@ab&@@onﬁﬁsmohﬁ #A0O0MBAds that can provide a
enbodi, ment the viral protein is an NA protein, NS

vaccingied asimal woith a perteqtive i lmmung FSPenss,to @rvlmas\o;%ﬁ»@tgeftsnnt ivengion.

praQt t hde n can use
gé%e?%stgéb@dqqlt &b%gd:d%s%ﬁg Ig? 1 spett% 1? c%ﬂnlllgloSe%mtg h% t[he subject
1nvenp®mmayrcompqse peilderee thrlalvups Qhelhlﬂﬁlgaemén@&&i ofl @sachbattd Qirus, or
esent ag nt ion.can al so be used as i mrminogens

portlog%a { he Virys,dp 10358 jdripn Bﬁgmleq-ﬁ]@c]ggg]g \6plit yageineT wherein a virion
is trea®ddSi@ reRBGEEMRe GPQPQﬁ*éltliﬁ? %?Pfﬂ?&ﬁg’ Bficlb@ing! 1ﬂﬂ9fﬂh£‘lgpr8‘f%ms and

i Mune response agalnst uenza Vi rus
macr 0@21{5@1911186 Complemfi@oﬁ mnkljlph% lﬂummtpohlpepﬂndmt andaguptides, andvell as virus-

r ato ease. . The .invention can be used
R R AR MR R N,
compNdifigl ¥irQé-irFEteS Wl YiR8s hidy &ofipice RudIBHIE é%ﬂsﬁne@nédzglmfegﬂﬁ with a
exanpl e, 25 the influenza virus can be an type
differept visal stiggn. H3, H4, H5, HI'S, H7, H8, H9, HL0, H11,

K:%‘ﬁe @&%@Wﬁ%{n%en%co%sﬂ%ﬁg ﬂgnhe 1<;LHDJ %cg éXxgeﬁgg%i %’rﬁncompass

recombhantiraulecipdabal thseuctshat |1ﬂihyac<fml;5rl§aeforeé’ﬁ@%lﬁ%€ﬁes encoding
C odi nent,

t he subt is N7, or . In_a specifi
HA P’%QFFlli’lﬁ@%rPémPés pBrsePrpisi, ﬂ?ﬁU@@ﬂaSﬁd’aﬁlﬁ Protei, Pelymgease geidic protein,
t
o SRR PO I . 0 R i e
that cajolresseil ¢o papareesiecembinanisvestirivias casyraties coawhplmudehr use with
ni.nes also ipclude dogs,, particularl orrestlc, )
the S\gba egc§ 1n§/81%honas’ ﬁ?r Iﬁx%r)qalﬁp éral BW@r%r Ve ‘%dfg y@ps avipox,
herpess@paat@hia, Qﬁﬂ? oﬁhéﬁ%rﬁé’lﬂﬁo s%"e{%)@ Ay &9 8 ViRE dha gthers known in
dogs, hunting dogs, guard dogs police dogs, racin
the aﬁo@%ﬂ benasest wigbothat mppadpns aml anetheds fof cthe present invention.

Recongtgg%ﬂ f%&%leé}h&g% %@%Bg’aﬁi%@gﬁ anﬁ? Fg}?rgsessgqnfﬁgggts cFrF;be constructed

using kslanddrd | geQbtid engihectthg techniques known in the art. In addition, the various

vaccine compositions described herein can be used separately and in combination with each
other. For example, primary immunizations of an animal may use recombinant vector-based
constructs, having single or multiple strain components, followed by secondary boosts with
vaccine compositions comprising inactivated virus or inactivated virus-infected cell lines.
Other immunization protocols with the vaccine compositions of the invention are apparent to

persons skilled in the art and are contemplated within the scope of the present invention.
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dog, such as a greyhound. |In one enbodi nent, an ani nal
is adm ni stered an effective anount of an i mrunogenic
woanpaleasz on of the present invention suffici eRCTHUS2006/015090
Yo ndace d T i"himitie” *r €sponse agai nst an i nfl uenza virus
of the invention. The inmuneg|response can be a hunor al
and/or cellular immune response. In a specific
e £ Y,
| "mfﬂ;uf%gs‘él E g{slf)lgn@gont EEEBJ&%S?E@E g@%? vi?'lrlge 1 n@ﬁs%gé hVRast one gene or
genomicnsegienn gl i iEfluenyd et oﬁtherprbshaﬁt idveTTtien aﬁdjtﬂwﬁ:tnamder of viral
| f. t b t
gene it BRHopE GRS Lo i 1Lt BEREIRR JOHE i Bgention or from an
influt@AGRENShYAMEH B8 @%'ﬁés@ﬂﬁn@&ﬁoﬂe RRAGSthitalirs R8n be produced
provide a vaccinated animal with a protective imune
by genetiqisassertent of nuicleissacid of hdonr ésfbuenza miremef tha pretsnt invention with

e he vacci ne .0
el {E AR H oREDEr® ink NG SR "o e RURRR iyt adros ot
compgigtd the meeleihadie o‘i’lthdl aondrﬁﬁihisdIM@tha&i RNpBEE Mid isolate reassortant
i nacti vated virus, portions of the virus,

VITUS [HC Ve KRGS ubmer%ﬂ*‘l@éﬁ ¢4 @1, §9¢). ke angi emepodisperity a reassortant virus
of the/ BFEht Vld’@f‘riﬁgé g %Svdrr eﬁ@m ' &fgﬁxteﬁ@to?da ﬁlﬂn:{nlj g?ﬁlg, SWIEE, or equine

or a T at erns (nc
inﬂuanml lvxrusj UAl regmsottait rvirua iofl therg&esrentmivemdra:ranqnamﬂe meys c&hbination of

p pr.ot ei ns ti des,, and etlde
nuclelf kS IR 1Ry beelBeCBRP e 57 b PR aeRsRtiant virus
compﬁfsesaeﬂ)leééf ohdIESR. or\é%ﬁ&'nﬁes ?,fneh{%ﬂ%@(ﬁbﬁ: itIRee 'Vfrhéjgisthe present

COfT'pI‘I SINng VIrus-Ii nfected cel | I nes may conpris
lnventmnt Ilmr@ epehddithenesrecpaaty infhfepst Wdiswiah ﬂve an equifie eatﬂm:nza virus.

train,. The vacc Ltions

o e [ Bt s 2Bl B Rtk “iFOCHB Tarid peptide
fragméhfsa’chemft 04 REveHe GRBG s U%c@m% h@im}i@i/udh@ NRIcb®ng t@the subject
exan‘gtb genes encodl ng protein, NA protein,
methedlse| &y pmet @R spél}’@aﬁﬁlctes piestved rfrorpomyhnoﬂeas@ams can be

i r LiX RO

e e e .
polypeptidels baeet om thet hiail IdArprb’&mJﬁredl atOleqst &Warcﬁffarent strains of influenza

gﬁj onbi nant vector/vi rqflwgonstruct is contenpl ated for
virus gEfhe iygqtiop fén Bpgrakined mbnipesine. Fie Rolenpplidss may by homologous
to onée&kN Sordfhl Veindiise mhggﬁ{i]’o\ék Fiddfim 4P epggésp %ﬁt\é er Ythino acid

vacci ni a, canarypox, €ntonopox, SW Nnepox, st NilTe

sequepte ipsdeived dtdme jeinkngoamlinking pblypeptides fironbet leastdrvwi dilstinct strains.

tions ods_of resent invention
Proccyee RO R Vi DilueRlae de ek RenEh SR aho ins Sxable vira
po1ype1>.qﬁue@s &n€ OPAIAENt GnC IR BERADEHT WShEd solits] H&esgﬁﬁﬁéisd methods
enetic en% neering techni ques known in the art"

(Merra’@@ﬁi,t §96A). Vivel pelypentides gakpiptidecempls bé pr@ud@smmgwdomblnant

DNAh[ngEﬁ(ﬂle? %epe%?:lé n%%f%%{lg ! eI Pd Ilzcﬁw(ég Ir%)\g\?qa 3) Il?gcg]cslp cgrpeptlde is

expremdnnla hm‘yceﬂls euﬂe@@lﬁﬁtﬂ&myeas@&ir%arﬁ@éﬁﬁl céIPRAds! Bed the expressed
multiple strain conponents, fol | owed

prme’lﬁ‘f‘%@%@)ﬁlﬂg ﬁtaﬁg%'étt%chwqﬂlﬁs afghgadci ne conposi tions
COfREH S| &ﬂncﬁtﬁgﬁﬂs (?f{ FH@ éfegéh? (ﬁx@eﬂtfbﬂcg sy a8 de naked nucleic acid

virus-infe cel nmuni Za
comppxl’omizsc: olls onetdémbdibmesc ai meldo rapids iraly Ocnﬁnpirfset ah @ucleotlde sequence

.nventj on rent to persons skilled in the art
encodipgy aﬁrfég‘c GW{/%‘ﬁﬁ g@’édpwtqnﬁ i 4t fﬁ’&%"e viPs tofethgr rgegnt invention.
MethddVBP hiQ8ic 248 vROBAdIOA8%nBéh/ 1H§?eoﬁ'§é19d1§t%%scrlbed, for example, in
U.S. Patent Nos. 6,063,385 and 6,472,375. The nucleic acid can be in the form of a plasmid
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tF... Itre.l. I "le, . 1" v, {4 1t...1" "lu.l, .
,ull.,,nltl.uFt rt IInFl 21 The subject invention
Walzsms/ma]szer ns rqgssort ant virus conprising at PCEAS2006/015090
the present |nvent|on and the remai nder of vira
genes or genom c segnents froma different influenza
' en} i,
ora é()é%li g%prtg{?éaﬁpcgas%ﬁt%ughoﬁg eﬁlrboﬁl E{Eﬁ{ﬂe {n'fl]@éll: %81%%‘3 p}[d\)i&ie% encapsulated
inaliﬁemm)whmhus adminfsteredtotm q:mnm@luced 5 by genet| c
ssort ant QE nucl ej c acid of ahdon r i nfl uendza Vi rus

ofV AERBE SPEDERHORS U BNGgE T SustEy B EPeRtiEs g Aucleic acids, that
can b&ChRUERt hdrbldese awYthr U ﬁjé‘é’sehf' elﬂvéﬁ oBC kR Ibd Oprovided with a

reassortant virus that rises the nucleic acid of
pharmdseutipaHpracedptabde cansieh ot élllltmt permcwndm and smhpdmﬁons useful in the

reassortant viru own in.the art
subjel P BFALOE o by bf uRbPuhEcrer R " el g rahdey P repaing
phaln(ibfceﬁthﬁlly kel cOMpERNTsi SRHENURMIOSs Bfe &@&%Bdcln%"fﬁﬁlt # number of
of a human, avian, swine, or equine 10 influenza

sourcg§ Whish are el kaornae rwdﬂlusavatﬂabtlm@ fhpessdilied wmbpeitodor example,
in 0 i C d4r
Remz%@n 13 9']1 ?%L%D%ccﬁ ?,‘P egé"ﬁt bgﬂz%f%. M%JUSD ?&%n IE n?xﬁylvama Mack
Pubhslamg@omlpambt, 1o reds 1928 rdekdries f(ﬁtr}ulllams whih @mﬂﬁflﬂéd in connection
c. segnent from a or influenza_ virus of the
with &Ee@g}ﬁc tIRVpEPR-i dR. gerl?ragﬁ © sAmBatient of ther @ibjqst dmention will be
formd1itkd léﬁé'hz %1aY'aﬁlu§ff&%Qe bgh Rt 8 léhn&rhlmdg‘éﬁ né %oﬁ‘ibfﬂéﬁ with a suitable
Natural, reconbinant or synthetic polypepti
carriey iin afdep to fasilitgte e;ffmttlp@ pdmdestratidn fof at]gammnpomcm el@he compositions
0 _be used vac npos.i ti g

used gqu‘riﬁ é)é?senmw(gass ﬁg lgﬁ‘bvélHFWE?‘FF f%rrsg ?gﬁwse 191c:lu8e g? example,

solid,Rehy-BEIRt, iad@ $iqeRY dosgsk for@B) sivh b Ribt$! éﬁl@’d @@w@éf@ H@md solutions or
COI’TbI ned IN a vaccCl ne COITpOSI tion an aré used

suspepgeri HAPSitarips dnjeetablawnd iHysiblexsahyioss, andspygye; ptTlhd @seferred form
deperiS7 B, @8, bRt Bogt bR BEBDGTARL GEARRul Romlaign  The

compoatloﬂmealw pheferablyi inclubie cymeatiogl plihl@ﬂd@@hﬂ@ﬂptdcﬂé}:ﬁabwyamers and
honol ogous 20 to one strain or_may_ conpris

diluenth aIcReS SROWE ) Hiopt Selig iy e it GSmgliosd eatmonboniugats for use
with € @Hﬁ@&epegﬁd&‘ hitRd nfu{l el ébffﬂ ok rﬁgt Bfnitel 8K Mer. sahne oils including

pol ypept’i from at I stinct ’straf
minei@} on}adenhelsol;‘ oilmpﬁe'basulfmglde; r@llatmol g)mkmfemﬂais m&gnmiukn stearate

known, i.n For e vira |des
dextrS 30 EPUES A Sy ShoaR b g bl TR Reh, and Cduivalen
carrieSy élichﬂﬁlh&ltsmﬂr hemsured Mebhy fof e, mmtlyhi 8f an immunogen of the
ypeptldes and peptides can al so be produced using

mveng@é é%@lmmmwequnémnmg@uwrmemﬁsnluarlpfmty utfesppieskvatives,

and sﬁB H?%‘éls 2’ llﬂ(r&]%ge e IlFxrn&}étg%Egﬁ toi gu%xa(iqsgge? gor % 6g:ef11redotlherapeu’uc

treatmmm‘qiharﬁlacﬁﬁichl |cbm9551t161ﬂﬁ of e ExpEDREWil pe[d%@t'a%ously comprise
standard techni ques of the art acci ne

beth‘@B rﬁ?@%ﬁ Q. ﬂ%%ll(gﬁS%h angh pepseiatlyi hwadtlS¥nbuvesiehtmd] thelémmunogen or
1mmlﬂ9 P d;ﬁe %igglt oF HIRGE édrxﬁ!ﬁ%ltl tkq%éei&%ng Thedl oe %&ien?

ei c acl ri'se a nucleo uence
eerne d/lacxgn@md-lhlmnnﬂg}tmca:m)ni‘pésmm ef thegfibjett innértiv@raa be prepared

virus of the pres i nventi o thods for nucleic
by priGeftis Qv Farlio B BASRARTIPIBHES 440mErer FpBinogens are typically
prepaftRSEihjBadblef, g EXRARPLSutidd or suspensions. The vaccine or immunogens are

administered in a manner that is compatible with dosage formulation, and in such amount as

will be therapeutically effective and immunogenic in the recipient. The optimal dosages and
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U. S. Patent Nos. 6,063,385 and 6,472,375. The nucleic

acid can be in the formof a plasmd WO 2006/ 116082
woeCTleds@aB806/ 015090 1['' ~L.. U It 11 :; GD 40 PCRAIS26/015090
& genet ekpréssitontassette. I n one enbodi nent, the

nucleic acid is provided engapsulated in a |iposone

whi ch is adm-ni stered to an ani mal . Vacci ne

wamiSOEREH SA3R5 BPY, LEIAOEE: S ASASLYREALIAEH GRS ratty
demnmhmdmwaq&mmnmhﬂkdnndmzcan be provided with a 5
tjcal]y-acce bl e carrler or di nt. . i
D R eR o bR OF BiaPreseat b oitionion alsaieipvided in the form
of a mww bR en N pdiftidE QAP R, &&ﬂtra&c gy P&fﬁu&'ﬂ Q¢ AP RASSucts has

nlgre pari ng harnaceutlcal y use conposi tions.
been Ft@ﬂc ehto ‘dus (é? )d &4 Pidowsiructs u:télzalal cormnatmuqbbsmofremdues onto

u whi ch fare; wel | known an vaj | ab
whic] RUIASE 18816 b Bl W FReRI el P ol ) nautile
MAPRIGREIHIRES Watl @bniSii N 6 MeEQWﬁNPdn‘t lulﬁmuﬁagér@n can (lj)e prepared and
ed.

Pennsyl vani a, Mack 10 Publi shi ng g 19t h
adminigigred ig@svACEHE SOMPPFLiPA D mrdm%wﬂbaﬁet edsuefetiie present invention.

In on BRPBEGH:IRT a IWAt C(}IOIE&?(E[ lf?gr%‘?? deH Wﬁpa{rfd(f’c{} ad rﬁnlgﬁFe%{ﬁ th one or more

the conpositions ubj ect Invention W
adJthmlsnﬂnhmleﬂda polgperttidas ofithe eﬁ\f@ﬁbm ¢an als® be Iprdﬂfucahand administered as

en is conbined with.a suitable carrie
macr%fg%?lﬁ? PR | PSS ST e OBRIAT AT PRINRSALRS. { Reblished U.S.
Patenf RESEH@&tlBthSZO@B)@O@m%&i%Q ﬁletﬁbﬁ@?oﬂ ﬂi‘o&&%éj’_ﬁﬁ%@lﬂ& particles as a
nmet hods can also be in a variety o f'or ns ese

Vacciimﬁllrundh}enm)wrwarrpl e, 15 solid, semi-solid, and Ii qui d
as .t mders

dg%fg{edg;é EECgEh g’ﬁ: éiﬁ Solf 1 e SG@BQOJEIV?IHHH Ehe V?ﬁCértc‘t gﬁgnmunogemc

compatitlohHersiibbe h§1‘éiﬂlbie0£tﬁmn%@edsﬂf §1¥s%e tie he&8f 8@y canids, and
form_depends on the intended node rf) admi ni stration

more émcql}yedg}g@ig{cm@d aﬁggﬁ,, a0 effectivy @mogrgtrmmanmrgo dhdyse protective

1mmlﬂﬁt§f g%ﬁ%l %bée%ﬁ%#%?gﬁ%%é BF glf? u%ln tog %@ajﬁg Sgtvuﬁ% %‘}/V\?{leteénbomment,

the hodhasimad kd 4 badd.i Cahines Mclude RXRIROE IndidosRERd &M$ned such as wolves,
for use 20 wiith the subject peptidom netics

di |
COYOtF%!C‘";J@Sé’X%utC%’F@Sn%W MRckideeepaso parigtierly domgstie, dogpy such as, for
exambl%c M- B8d dHINET Rbndkl corfi Qﬁ‘&?ldo%éj' s'fﬁgwq%%s? %(%gf)gxlg?%)sgg, herding

elatin, cyclodextrans, gnesi um’st ear at e,
dogs, dslﬂtmgo:k)gs, gu@dr@gsppblmeudngsarmdegs ghnyloerlabgratory dogs. In a

. un1n sta U|valent ca ers and
Spemﬁ? G {%h&qsﬁ imals énézma?sﬁfﬂsé éfogFé?C?%F‘%uai grhogpd. The
vaccifds d)lmiﬁiﬁ@tﬂ%@né) bret B Bically MRt QB8 %ﬁre%lte%ll}p Qﬁpﬁlﬁ e%ﬁon for example,
suspensit on agents pr ot ect ant s, [Fubri CantS

eltherp sukeapgevsh s intpperingeallyabitl intemyiscutarlpr o‘@ﬂd@ fsmtabﬂeh enodes of

dosages f h
s AR SHERA S B AP ARSANES, TPl SRS cr smpecns o
admumhtereldrtv antamhnalvut ﬂéas‘atd\)((ﬁﬂihhes; @ﬂﬂﬁém/mt?@{m ldf8e oP oM QReks between
about O. 196and 45% and especially, .1 and 15% by
each a@vﬁlﬂﬂu agpn.+ FOWeYRLtiE Aegimens Fanfho yinal andhegsien administrations of

e WSROy gk 8 CAABLLOR 0L M by o e
practlltleerSEmH Jtlwparhmllmrhosoammhbémg peam‘ar ed

Virus and virus-infected cells in a vaccine formulation may be inactivated or
attenuated using methods known in the art. For example, whole virus and infected cells can
be inactivated or attenuated by exposure to paraformaldehyde, formalin, phenol, UV light,

elevated temperature and the like. The amount of cell-free whole virus in a vaccine dose will
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30 by procedures well known in the art. For exanple,
t he vacci ne or immunogens are typically prepared as
wonpwatieiskes, e.g., liquid solutions or suspenBCoMS2006/015090
"Ttre" vattrié™btr Fmtthddéns are admnistered in a
manner that is conpatible waih dosage formul ation, and
in such anount as wll be therapeutically effective
usu
30 IR R EABLLS SRR S 8h Tt Ao s
0.2 m@dm abost 2 amd. ofhpdosage for farcire foantlatonsatonvaitigneir@infected cell

lines 'B/mngm g%fs)pt{ag{ﬁu 1!'qaaﬁbiﬂo{] 5& agg A 603 gg I%Hg;jcfgtsg rargdnrggrebu%ue?ﬂy from
aboutBot ypfaptabasy. 95{ lbﬁ Sell%rﬁ%f’ 8. "I’Tl\é duﬁf‘oﬁ?x{g}teﬂ{ §10%%)‘?1de immunogen

prOV|ded in the form "of a nultiple an eni c
in a dpsgufoy a apistal gen varyrfmnp pequOalt oo BIOOMAR, ooalsiut Iigizso 15860 pg, or

oo 0858 T, SR A 40 o M SOTR LA 5

ug, dapemdlﬂg updn the sizemgep@en oBiHe abitidl ReRiEREtheRpsNet t et
al 1988). Multiple MAP constructs, each containing

ﬁ@ WyRRaGgenig; ¢ ‘é?C@H’te omnasBigane, the ahV@élOpr sywdr asdviswrdor virus-
1nfecté’(¥j tE'élE' ot Bfaf rdt?ﬁn? o B %‘ft |38 GAMRORY blge% Rﬁlac%ﬁru%%ntc ?ypmally just

t hod the present |nven I Of.
prior ’@rﬁglmjnmmqn aAljaPants ushtemplatddsfop iige inipd vatdifie &efulitions include

m_ ni st.er.ed t r more 10 adjuvants. |nfluenza
threo%gl‘% v %‘ngt\éa@ Mfl} YA Pofl-cEIS Tl SBome, Bershederiemparvum,

Freun@Qndonipiéte e Bsend RGRQHR 0 £
conpr I%I n one (e)rrE nor e po‘ftgplgg{vmg% glaﬁln%]_ﬁlgsﬁl é%‘éﬁ@u‘e of any of
these. p#¢ é@ﬂe‘w@% lothea teidpryatis 2008716 000GR8wilk sk iedmdsrhliodscines of the

n irus-|i articles as a vaccine for
subfect ByeBE 0 46U i b i KB 1€ it camemnﬁated for use with
the subjebyjigedntionvent i on, the vaccine and i munogenic

c:ﬁgpo& tions descrl bed herein are adm nistered to
$0hIeveREeR glsooppgesns Wlbéélﬁs et badcspeeiticaly to a protein or a
tdE%pk ca ffective a
PP }%?ﬁ%%?g@o ?t%ddl uce g"r"g R 1Q/eesu%l MF?%PD&BQUHDWOHOCIOHal and

p01y01gnﬂimbeah§t compbiitoge Breférabl@c tHeomtibbdieh & FNAS tsulj¥ct invention are
dinment,  the host animal is a canid.

monogiifl vinetopeiEr o e Entipgdies nd @wasst bindingnifmementsutiercot are
contengiﬁaﬁé@ iy @, pres‘éﬁiy ﬁﬁ/@lﬁlona Nk LSk Q ' sgﬁgblél laﬁt?%en Ja)cﬂng fragments

) >I:g 1glrtlcu arly domestic dogs
include Fahp|fab andrBv pniéabdaridgmentsn n@mﬁbocheumﬂﬂiemmvdﬁgﬁq cadl¥Mabeled

. rk| s, Mherdin unting dogs, guard
win B Ao ioas, fer g Coag Ronog dood el
dolgs subljectainvepRBi k6 BHReH MRModstha W%osﬁwngai}or 'd%te@non and

ﬁ%hestlcated dog, such as a greyhound vaccl
identifigatippof A rlicngae virys PE dhd {nvautidm asd émedlagmsembﬁmfeumn of an

h b
enima Wi B b Ao PRI B PR ER pi inctuce

detection Gbéstha)breﬂﬁlca(bﬁ dahferiafli@iza, MCA VLo RERsa@ble"@6R! an animal. The
d dn¥n|strat|on Usual |y, the vacci nes or I mmunogens
etectign of capung wlupRAads asgmple. itisefil tadliagressicanine infiuvess i inan animal,

In turnMHi$inddniafibs 'é%(@bro@fdeocﬂg aﬁflpﬂtg R S 51%0\(%?18 {i% 8F ACH imal based

admi ni strati on. her regimens
on distipguighing kemels @6@8}1\1&6 11Itﬁ1’enm pitesait I0®613t11QE and can assist in selection of

therapeutic agents and treatments for the animal, and assist in monitoring therapy. The
method also provides the ability to establish the absence of canine influenza in an animal

tested.
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the vaccine or i ”Mmunogens are contenpl ated, and nay

depend on the judgnent of the practitioner and the
weaondeiiaeldsar host ani mal being treated. 30 Vi r uBCamsg2006/015090
¥t rfus -t rfect edcEl s"'n a vaccine fornul ati on may be

i nactivated or attenuated 4§i ng nmethods known in the

art. For exanple, whole virus and infected cells can

ben ' att e

kBB N Rt AL, R SHRSRUAR: bfssmentof otk o
canineliefhadneal it eliffereat gesgraphdeal Necakibke. Thiveirdomttionodlso permits early

cell-free whole virus in a vaccine do

il )
detectiofey P TS PEFFOISONE CPLsoBt. il BF FpFed of Hises, and allows

early 1RBSRnfi &P BraRauherd obtiBBs.t & 2REHEN, TalTy tﬁfédinWﬁﬁtio% available can
usual ly being fromabout 0.2 ng'to about 2 ng. The

provide dagmionolo medicilngerfopnehifoatprgmasing dorpreat lange numbers of ill animals,

fran e R
UK @nk YenfHoditherP® WhetBod oL B rBse@b tllentlorp involi®é tB&€lbBection of a

.. per dose. The anount of protein or peptide i nmunogen 5
biologigal pagpleelrpra tast apimeh|suelaas egayingr diedtelggical sangple may be any

RN T Y T gt

lung lgyager ck€irogrgndl dluzg Balimds, selepandidag. upon the size, age,
etﬁ"@, of the animl receiving the dose. An .inmunogenjc i
orl By a3MAk 16ShAgERIs M BYME HEOM rAfe AR suspreteda el \iayipg canine

influefka W_rlfclléf hetRf 8LAGINE ﬂlhﬁh%wﬂ%’it]srﬁlr?pgga}% & B8 dRkase. Ccin]tr)c?l samples

peptides, can be conbi ne uvant, typica
can glypsbe ptoviged or doblecteldrifrirs tanahalerknoaj tovhatfee of canine influenza.

.contenpl ated for use jn the vacci.ne formul ations .
Adaif Rt GRS iy S oriTehgte b SRR G RV Byl be gpetive resuls,
and vafify, thdt I8 Jeag &P BNhS ass@%ﬁf&%ﬁ%@ detdBEn PV Rfluenza A virus.

Freund's COEPI ete and Fruend' s’ inconpl ete adjuvants,
allumidition tordetecting the presdncamy absence o8 sening infiwengs yn efbiological

t | Uva itable for, use with th hods,. and :
sompf, 360 RN, B o PR ond st SoRL PR i canine
influened |vilspwoch rast &lenged ianthcRic acidnb&@iBhed, eflaf dMayus@ult from the

.wWith 15 the subject invention. The sub%.ect Jdinvention
envirgmcitc dge sRIMERL i 4588H e epipatations @ Jpwatiense anjugy, thapge in diet,
oS SRR O ARSI Ol e o
A to berdmepebiyahowad dargt thbiodys fompdg ieffective, oPteteabibthe, vitRao infect

anti bodi es.. t he subject.invention are nonoclonal .
and pESHAERE P o SPSHTRS) FI B SRR, §0h R gvian influenza A

virus hasRR BhSwh REMERE otePardPalkRl @dBlat.ed i n the present
invention. Thus, for exanple, suitable antigen binding

f dagmenembodipentider Falseting-ah iafidera wimis iody animal, diagnosis is

. _ i bodi i nventign.can.be | abel ed .
it AP poROSH Rt B PR PR S RR! B esing
facilitypla@d Ubpirriae ,stdrhit)r BF6RI ibofat@) REBENETE) Virthgs ShHdi @tected in

. nventiaon al so concerns nethods and conpositions for
speciggpseeatapingrinfectedeqells pne aeqrefipnst larpnersmibasimenty spagimars for the

dreo BEAIEPLA L0 0 SRRy, LSS i e
are takew entinghe firee Jmd4ysoafter @hsdthef dlinv@nki@ptontc| Kdeumber of types of
specimens are suitable to diagnose virus infections of the upper respiratory tract, including,
but not limited to, nasal swab, nasopharyngeal swab, nasopharyngeal aspirate, nasal wash and
throat swabs. In addition to swabs, samples of tissue or serum may be taken, and invasive

procedures can also be performed.
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detection of the presence of canine influenza, in a

bi ol ogi cal sanple froman animal. The detection of
woamienaeciasaf | uenza in a sanple, is useful to di BQNWSE006/015090
tdnine” rhfltenzaTith att aninmal.  In turn, this

i nformation can provide theygbility to determ ne the

prognosi s of an ani mal based on distinguishing | evel s

of e t

i O ol el Al B e chlTBre P LRI B 1-5 mt of

virus ftanspdremadiandl numbel aSmedin thatt aregatighidtory fok emmcovafpe)f a wide

e L2 B BB B el s e
meduﬁﬁO6N3:s]a§Q§2na@@Ha¥§?gQQI6év%b§oga91 alg‘& be ttransbf)rted i fthe gu*us transport

med1miqé’(g(mn¢pqan3%1q of @Iéliaéf&ﬁortclandln.m 1isriﬂl gnenif aieatlnnﬁ,rsloanrbmﬂ:i and 2 gm of
o B 2157 Bl RAPHGRAR: S SERLS, | BEEREpen s 0.

ml ge@imcimeamfatesSoaﬁrdny(so 4Rd/Ba} A3 3Gt dlshdtéﬁcﬁﬁ Be@semgzﬁi)scan also
can be isolated, to limt the sprea di sease,

be addeq. o\lbe meadiyry i mreferabbyt stesiized rbthiléfatlwt niNagaltwashes, suph as sterile
wlin41 800080 0 AL ST OR GBI

t dn tomeatnblodrrgﬁlt,nsﬂmbﬁ Sollzktet| ih aANdrAGUIS ,of fioie |1u8linflgof whole blood
assenbl i n medi (Lé%gl ies, and, if avail abl e,

from B AEHREESY FIBHD Fridtfe Onsgt preelinier] ympieins raad epeferably not

later fheY quabenA Mhhé@c%n{ Eﬁas@ %lﬂluﬁ% le@ndH cdd a1l Bl 9@;16%?5'& for example
sanmple’ froma test a as a cani ne. e

at ab@itdl%ga}@aaftes ampd:teoﬁmynﬂztemanﬁermncﬂpegmeais camtberisaful for detecting

.whol e bl ood, serum

antibg i e o R S8 ¥ eGP P age.
C & ehositanats, baiblds md e \callecteRbmand vidar aﬁnm-ﬂ%%ver a period of
ani mal test sarrpl e may come from an ani mal suspect ed

time (Fg.havfhg ¢arnianee 4 Weelueoncs ainpangh, bwh@uhlﬁ[s’ er ammally}ié)btammg

t t he di sea
e SPngfe dicth B BRAR Ryl 05y € BFBEGY AP dybe wsed to veriy

resultarﬂrasml sarkerodetetore ahdee tof 1d@ﬂﬂiiﬂyn&spd5ﬂsbu61n1@slstance to a specific
Addi ti onal con roI S madg be provided, e.g., to reduce
treatngenf. &8yl qctare %Fﬁﬁe‘im&l Wnegative results, 15 and
vt f t e a '
(L kBl ol e eI Lirue S5 PR aRhL bl of oo
more qjeiﬂlebglcabagems mrae’&smsampdxr fraxin%mrﬁnﬁ)lt andithierlevéd] nff ledieingathological
a bl i.cal hods of detection used
sgent ARy SRRER Srie RN U eI b ARB i Db AR heneludng, but not

limitedn{d, USRBBAY | dsbiys Sl teﬁ&‘ﬁﬂélﬁﬁkécf‘ iR TbaR | st%ys éELISAs)

sequence, that nmay result fromthe environnent
indirect e npsatent gemebody méHiApul stsonbeoaggiuinatingns and njindripition  of

s GAREL ] B )M B ey, s o st e

used. GrusitivecahinRe cibd fiethenidedtifi@l REGOMEN iR Tiudtabinck Q)f ell cultures or
tha was effective or to enable the

former I(y
- HI aSWiO%;%hetQ?lici‘#tE@tmeCBH@ EH in a different species

o] uenza.A

e S e RIS AT o e
Such mettends include, but are not limited to, polymerase chain reaction (PCR), and reverse
transcriptase (RT) PCR tests and real time tests, and quantitative nuclease protection assays.
There are commercially available test kits available to perform these assays. For example,

QIAGEN (Valencia, CA) sells a one step RT-PCR kit, and viral RNA extraction kit.
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In one enbodi ment for detecting an influenza virus in
an animal, diagnosis is 25 facilitated by the
woabdeaaéison of high-quality speci mens, their rapTasS2006/015090
"trdnsport™torattesting facility, and appropriate
storage, before |aboratory pesting. Virus is best
detected in specinens containing infected cells and
S Sel odnln@nto i B es SP& ?Ssrpggﬁctﬁ? s vuus or viral
direct de ectloh of "Viral an I'gens an or ‘nuc
proteamfdhe arveidtoom. inralspecdifio leatbiodiment) anelhlhb@dyl dpeci€ic foﬁaireHA protein of
h B t of cl
a vir %gtgvrelnﬁ timélhe {,zlea.fs 3 d@%’rﬁq‘.m @Br %teonswe obcﬁfyeslpre]:m%c for an NP
protefUbft ARAs P 1 ABRAAGH Y ﬁééa | Rf @fkbIO r&ﬁm@fe ts’ﬁ&h HQ @L%En the nasal or
respiratory tract, including, but not Iimted to,
nasonhawgeaéwa@onnassobﬂamegirfg@alansammal g o/plmargtngeeél protem is isolated

Bl e SmpaE pab R e, B P e f Abtbiffoe Rifc o @
protein) ¥ach ¥EHAD 6O BEY Wi eSvigdoihe dnitipa! fardither \éﬂbodlment a serum
2006/ 116082_PCT/ US2006/ 015090 IL g.u" I 't V
samplen(or | qther jantibpgly containjng yemple)) i gbtaingd diem eavharimeb ﬁtld the serum
t
screeﬁ&@l%k il O@%é’e&?«? E‘)g blgfrﬁg)%ig Qfgzﬁ tb‘fﬂ)rég &8 ) pef‘%f ggoge ?ﬁ%b?‘&ontég i?lgfehﬁon. For
examplea tan AfIE Sga tisaf amhoOlsey péxcﬁasmtddewhae oiie rplatefwﬂlsV\hm HA and/or NP

proteiy ph g, EEPHERGEEh SAB 4 BetVidhe B o atersinlhen contacted
with §&88@lor Rt RRGIRNAR YL 8RIm S V‘@Hé 81%@&10@'0% Antdod ?r ﬂ?@ogﬁﬁﬁpthat binds

in the viru$S transport 5 nedi One exanple

Spemﬁwélrystpdh@ Hﬁedndfm N wotegmisofidieatite thatf thsitest aninodlHs anfect2d or has

b gglq E§V|n al bumi n Qﬂﬁctlontv added to sterile

een fifeqieq I%%Wqﬂﬁf © PIRROL BVEREYY such as 0.8 i

g9RtoaBIeg{ba ditkl athe éﬂeh’éd &g bétﬁol%gfcm ﬁge%ﬂ‘ijs @etgcté'ﬂ by determining
anphot ericin B(25 /m) can also be added

the preseica pr jabsqpee & raa@bcyig et agajnst thecpgbyt, fn pibielogienl. samaéw It can take

somev\ﬁﬁgg %, 1?1 Of?ﬁesrta?nr Mu%al R4 n'f&?ed(lgefgr%o I\{%g‘dl)es cgﬁ?‘ %e %e?ected n a

Ct specinens o

bloodl&sﬂ nOnCKE fentedd antidiessesually pesizt E@’Cinaﬁly IyBar@,ne\EﬁﬂDaﬁHr successful
-5 m _of mhol% %good from_an acut e- phase
treaﬁ%t?ﬂt ﬁﬁr ¥are- aF nding éibadistio ming pHpenzR A igytofsndiaiywhether

the inP&EbB RA%Q kdceRObr sdrddifhe (180 stt days. A

conval escent - phase serum speci men can al so be
codmt@@d}edﬁzstmgrcaaxdma lbe domt cabfuid()4 Antilsodyf asmaysoimhtde enzyme-

Ser i prens. can, be usef ul
tinked i BB BR L A S s R ety @nqhogims@w qssgys, and
WestQiaB1oel Préﬁid‘tﬂ)ﬁ afnﬁﬁédy tbStirg s 8@@ud1ﬂ?frﬁﬁﬁﬁ§ ass ree% ¥ ELISA
be collected Tromindividual animals over a périod o

or IFpjfpoyed By W@ﬁﬂg@ blptd a%ntlbgdm assaywsakbe damedn a tiworstdp process, using

oy RRENEA L 01, AN g 900 DY ELONS RIPLCS i

more behabﬂ;eeahd Socueté ﬁs/say lﬂ%lulm Hut OFA @@dyl beetisedef BEISANS not available.
g} L)o i dentify, response or resistance to a
The r?éf@ t testeytHetn s aemgre specHq tesbeernt plep disedenec in all animals,

partw‘i!l[a':ﬂ%' thgég Jﬁgﬁ%ttgbgé%?&ﬁt&enﬁ %F(ﬁ:?ﬁ&t %dsﬂY\%%h&Qoga‘i‘ﬁln % ELISA or

use etect t esence o
IFA assay.

Other antibody-based tests that can be used for detection of influenza virus include
hemagglutination inhibition assays. Hemagglutination activity can be detected in a biological
sample from an animal, using chicken or turkey red blood cells as described (Burleson et al.,

1992) and Kendal et al., 1982). In one embodiment, an influenza or an HA protein or peptide
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nore pat hol ogi cal agents in a test sanple from an

animal, and the | evel of each pathol ogical agent. Any
worbttsadedsor det ecti ng the pat hol ogi cal agent caaThs2006/015090
Yused, Tacuding;-but “dt limted to, antibody assays

i ncl udi ng enzyne-1inked i mepgosorbent assays (ELI SAs),

i ndirect fluorescent antibody (I FA) tests,

of thehﬁﬁ&ﬂ:ﬂﬂnuisldd)ﬁ{abféﬁ wﬁl’i‘q tbﬂhs,'aﬁ?x?fé %ﬁéﬁ@wé%erml gF 8Pt1b?{1|¥o Red blood

hemaggl uti nati on assay ter
cells RH() 211 ﬁ@m@tﬂdehi BS @bmd alrs theb eddads dflantPosiy td VR is present then

I i f
ne RBELALER 60085 Y WAL U5 K20 ML e it i

the pfek@c@ ef HA. U|\Iaﬁfaﬁoﬁ7§3d{hd'l Mol FleaesRaloddMndard Herﬁ%ﬁ:ﬁ&ﬁon inhibition
rods for detecting nucleic acid
assaySAe KBOHO Ehihe BE apd eantemplased Wﬁhlhdbl%sqom biithe prévant iavention.

n f i n.reaction
L R e TN TR G T
such etseatmal an aiamphmﬂymgaaﬂlsmbn uwlrﬂas(ﬁa@drpbﬁﬂbé %rféﬁﬁéb’ﬁsmg standard

ially avail able test kits avail abl
methogly, ‘B@P&Bﬁﬁ’? é%CL%\%gsmO‘F‘BWOé‘xarrpl e, Q AGEN

e g T i .

virus gfthe preygnt inventjon. Vlmmeﬁemliodimerﬁ?a hwcleio acidnsamgione Rbtaitdderom an
od utilizes .an an cific for a virus_or

iR LE S FRAEE N, RS 20 T ccrte o

amplifeduiod ipFRIutt ifake MldiDasiv SR@RIs é?:qué?fce %Cﬁ}ng)tr % Sirlea virus of

a virus of the invention is utilized
the pr%sﬁ%tdﬁwfﬁml Tam speeifip @Woémi fRE-PL®r isared\ arpassh}efcﬁ thd subject

virus. aInV nﬁ{hﬁela e%\r{]iglgél tOf rai §mﬁ§§g B’ﬁ% Sl t Floreaé%% r ap dnfluenza

virus Qikthaumﬂtmﬁrr ORCRDN REHPGEandﬁébl-\ﬁnﬁéJPCeré‘thB@sl ar rk‘%%rln tBe art and

B t ed c{)herefrom The viral conponents are
ave Q?Pe@ b An pY i Prjewst Nap 44683 Baay%ﬁédi%; é&O@ 1@9 4,965,188;

5, t u
DS il 85 S ol sl SpeioReel Maaes it 01999
and Ligakherral 49990 dy ovoambodiinegt, ﬂ&r‘RﬂZIE)assaﬁ u%toaigﬁﬁﬁ’clédt% ecific for
serum s éened for the Fresence of

an in gﬁﬁabglaslxt FM?S K3eRg angdier r0ei nlhsr amplificaionggrodeas can also be
sequerlcBd & de@fininEqf tﬂeo ﬁ&%a% va 8dubhdeSoY Qf&ﬂglng?anv ﬁjof the present

performed where t | ate walls hav
mVentﬁ?Flot(%ﬁhﬁf nggleig apléphaﬁ afspysgeamrite tsed fenfletedtimunthdt diagvsis of viral

w3 3 O P Y0 TR LB et o
present mvblliteorﬁnlmmie érhleddilbmls sa@?ﬁcdofnta@tﬁhé ¥ Rl geility sut}]ected to a

PC and/ or QE rotein is indicative that the test ani ma
R-based; gippldicaon psing forvisad qngl nevesteeerimers hwhene it primerszare specific

for a va‘af Hﬁyﬂﬁcléd?ﬁe%%%%ﬁ@g?%gffceemff L %Lécieﬁ? aF@nl gg:%)rgﬂle 5§/i{NA then

Fesence ogica
RT-PC&pm e npenfprmedhe lparemahﬁme PCRPS alteRtHie @fHUebEdutﬁ&ed with the
agal nst the agent, in a biological sanple. It can take

primer Eome tine (e.g. nonths) after an anl mal |s i nfect ed

@fr@érese@sn%;b&ﬁ?ﬂ & HeM gg eﬁ% gr% Rg%ﬁe circulating

Once fornmed, anti bodies
influenge afisese gk ransiuamecsxﬁmhallﬁ bﬁﬁg r‘dﬁnélopéd t MEhe influenza virus

Fi_ndj anti.bo ne influenza A nma
genomgl f gl%%%r%l‘g{l%em earnd a ?)ll\?g copy %chNA) must be made using g reverse
transcriptase (RT) polymerase. The amplification of the RNA genome, for example using
RT-PCR, requires a pair of oligonucleotide primers, typically designed on the basis of the

known HA sequence of influenza A subtypes and of neuraminadase (NM)-1. The primers
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20 the infection was recent, or sonetine in the past.
Anti body testing can al so be done on fluid(s).
weénbvichieehg2 assays i ncl ude enzyne- |inked i mmunoBoThS2E06/015090
" &sgday st (ELTSASY " I"hdi"t'ect fl uorescent anti body (I FA)
assays, and Western Blot. Bgeferably, antibody
testing is done using nmultiple assays, for exanple
0 F Qx;ﬁld .
can l@s‘gggﬁ‘gedc%uﬁ bt'gx‘atgﬁleg a&é\élﬁéﬁﬁ)% g%{bél?}ééﬁe\;%%}t (grlﬁg %ﬁ gvirus subtype.

DNAel gtehﬁatedrbthshﬁg\ sztybE—épmﬁcapnmfefd tamneel filghea a‘ﬂéﬁﬂed by molecular
ot assay. ELISA is considered a rrgre reliable and
genet&cfeab%%esaﬁg%w SOURgIRR, TS5t iE A Dljcrun Sudh A pogipsontrol, or

producls #0toRH@IddAR) ueri@fk?g Mﬁﬁé&ﬁ%@rm&ﬁ%ﬁﬁ&tw{rﬁ%gﬁ%hﬁgf S’?he absence

nmore specific test) can al so one in a
of theplarget BGRalrb@uctSh(ms,ea fregntivevesulte stag chopodd duttbe presence of the virus.

orderline SItI (e i vocal) in.an ELISA.ar . I F .
ResultQEihed B aBiR pvaitibie S OB R i GtpeCRlisal s g infocted
cell chnﬁregi epeRrt arfarmimmtdstsefaz SfMleh#tSA vk Wil described by Fouchier et al,

glutination inhibition assays. Hermggl utination

he
2000&8@ tt?dqifﬁﬁéﬁe‘?a%"c ected in a biological sanple from

SR A D S mbAGEE o RO, G5 o e

that hhOS8ajtividah aﬁﬁ@ty@@’amdt aeitts ofhe pfdsentdnvantion. &M offembodiment, cells
protein ar fptl de WO 2006/ 116082 PCT/ US2006/ 015090
infected Wit rrsLOf| {o5 IVeHion T rrontacted nyith @y teg, coanpgund or drug.  The

amouh oivhwhfs or v1fa|1 actlfxgg'l i*ollg@mggéon'i:e{&?lé tHYF Hétbﬁﬁ'mlaﬁ.ogy&e%gp}j\%unds or

contalhing serum or ant
drugskthatcadhlbudnhsm@lalaﬁ)’lty canbeselcatedriat fur&eucdeahmtlan bi r d ar e

AR P FIeS iy st 9 el 10 e PR eelsr & fgfuena virus of

the pREGFSAVentibRe TRRfaeWndoddagh UiHenRat18s 'ancanfﬂ%eceﬂr Sx@N&Leadine kidney
HA. Variations and nodifications to standard

epithelisheglls ut | nat| on | nhibition 5 assays are known in the

?Llf/hgﬁs{ﬁgjoe%f) 1nv d V&g%e'%% cct*éﬂse Sc?og*glﬁ'g élgeﬂg)lynuc{éotlde of the

presedﬁimémﬁdﬂﬁ%d@ﬁmgsao balyp@;ﬁ’udéf oft the iMventidn S raBTefabSRMAE Holynucleotide
such as a_nasal or nasopharyngeal swab. Viral

sequenge inPrordecai e sxersgpmeaniinich9f shaneention melMesy sreferably, the
expre%ﬁ&ﬁ uéyngtgur% hfov?dél tye o%}? eﬁg&dnn gﬁ u{h%t 8[] ofl 'gna }g]er%bly linked

urt he |nen a nucleic aci base assay
polynusiedtideoof dixe eiavémionof Ia ofkD extibodisnedt, theecqll ds Etfﬁnsformed with a

poly iy oA P RS cﬁﬁl%réﬂé%gf}egﬁ%eteﬁ@oﬁ%t g petd Sehuence Shovn in

any o?lS@Q?Hj 8O ©, E’QR sllfibngz le4' 05! &, tzbaﬁz wigl be gﬁsf‘%baﬁf 38034, 48, 50,
5. Sé%l fication product the nuclei ¢ atid contai

e8¢ éos@ecﬁﬁf 56, 4% 7@n 72 n74 dénga78iar usfupttiortah &agment or variant

ere SR BBl e TS bR ol TSP ki e

amin@ ¥Rt ehedsimao@i SEDID N@al; 4 61, K- POR4l $6,usedot®. 24, 26, 28,
or an influenza 15 virus of the invention. PCR,’

30, 3?%133Péﬁe POy 821 34, iSAeSRAR, ﬁ%{ﬁf’o@é 6.6/ Ok Adif i76, o1he8 egmprises the

nuclegﬁ%sgag@e%gsg/gjﬁ%gg hj‘i%cg% 1139 5, 7, ‘”“} ggt i%ks)l% 17, 19, 21, 23, 25, 27,

29, 31, 47, 49, 51, 53, 55, 57, 59, 61, 63, 65, 67, 69 71 73, 75, or 77, respectively, or a
sequence encoding a functional fragment or variant of any of SEQ ID NOs: 2, 4, 6, 8, 10, 12,
14, 16, 18, 20, 22, 24, 26, 28, 30, 32, 33, 34, 48, 50, 52, 54, 56, 58, 60, 62, 64, 66, 68, 70, 72,
74, 76, or 78. Thus, the subject invention concerns cells transformed with a polynucleotide

sequence comprising the nucleotide sequence shown in any of SEQ ID NOs: 1, 3, 5,7, 9, 11,
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5,994, 056; 6,814,934; and in Saiki et al. (1985);

Sanbrook et al, (1989); Lee et al. (1993); and Livak
wenoml116081995) . I n one enbodi nent, the PCR assagTasSe®e6/015090
&t itgofric 8ot T d&s™ $peci‘fic for an influenza matri x

(MA) gene and/or HA gene. The anplification product

can al so be 20 sequenced to determne if the product

13, 14139, w&qqgﬁ%ezﬁfz@m'ﬁ hyeﬂzégvﬁ ug, 8, 6lihes Wsegﬁ%b 71,73, 75,
i'nventi on. Ot her’ ‘nicl’ei ¢ "aci d-baséd assays ¢
or 77 fayra fepsment poverient! idiledjng s idsganratd veadant iofi fuc of SIBQHD NlOs 1,3,5,

79, 81 B AR o, U0 B8y 0, 61,3, 6,7, 9

71, 73,mgestA70on. I n one enbodi nent, a sanpl e containing a
nu leic acid is subjected to a PCR-based

Fitransiormed celd icar beor wlradyatisdeelle Vet %ﬂnml@,n@ Plﬁllwhelﬂ,emcludlng
proto;SlQ&s Ny Bt Sn&ofn&P F‘?ﬂ E:%r? b3 (;%r%ar?ot‘i@ éeaf f&? EXan | eoi)ac?cgnal cell

or gene sequence. €l ¢’ aci
such Rl\ﬂ ca‘lzh@mB %zBERAﬂmnalb@sllpéﬂcﬂmidﬂﬁdna}Fﬁaﬂsr ﬁﬁhmﬁallfzﬁﬁ B partially
tect.abl e e.is utilize th the rimer
Canm‘?sr% radd §61%~*§e3d1 imseqtogel kSheP%@héaﬂﬂ eclyien ‘f(qlwer st limited to,

dlcot}@édoﬂﬁﬁ‘é’ annoE&?le@bﬁcﬁiél ﬂffd‘ d?)ﬂl %11 dfjkuenza viruses are

known, and are contli nual I'y bei ng devel oped. The
i Ahe subizet mwmtsm dep g@m@m plants,i mglluémgttramsgjaﬂc Ridats thatlexpress

and pRaRs SRR G PndTyRky i oL réshe Endiion Eliitp gt tissues, and

plant tcbBs RAsoaReI Byt @ Br¥@nBl Sordih N® poRhublEeHidd @RUihk e’lﬁvéhtlon are
pai r of oligonucleotide priners, typlcally desi gned on

Contemﬁlétqga@i theopresgns inkensian. Hixefseablinrthe pofynuefebtiden zﬁth!& invention is

o SHSCHRTRNEIE IRYERI DS il R BEUTERR AR o

vaccine. conositions of theltdent invientidit and the Wacdthet%an GRMdBEAnistered through

consugpigh 6 RAR (16 05 GEIRIE, U SRR gunies 45 1B yndi6i1AG320).
Syt YRBesP &Rchiion RidTE (?]Iﬁeﬁ@nkﬁe leuﬁétQ&fngaQ aJlMﬁegr E%ﬂﬁnosmg an

nol ecular genetic techniques such as se€quenci ng
infectioadty & @rysroffiler prosent inventieit. Hinanp esibbiimeent aritit odmpﬁﬂes an antibody
re C enci n ang conpari son

of thelfnfRhanl Setiitnbe Bidiil a2 5akkee 8t o} e Trewgeimpesen, or an
antlgeﬁ{]c%#ﬁéﬁtlfeteof eJn 8nothQ@IAMbodEmertes kit LbmPBYesWe dr c{)%@re %%iypeptldes

presence of the virus. Results can then
or pepfidgp 04 he prgsenti inventfoaw Mo sgecifio ambpditent, ¢he molygkptides have an

L G e A e G AT

26, 2@30 32 ,23004 48] et 34]056, 581 6(R162, 6206K4 68The, 7521*7146% or 78, or a
i nyentj on al so concerns nethods for screening fo

func“%%ﬂiﬁaé/ﬁﬁém@tun%% fragmentrptvariantcthensef. vin alfulélmruemhoshment a kit

compﬁél@'o@étoramyﬂe CﬁffIYlﬂfcl%oﬁ?eegg{)te 51?%%1[ hl%&%]e s @he ;p?%s??g.e invention. In a

ment a virus o
SpeCIﬁcmnebndilmmtaﬂe mﬁ:ymminoedemhdvb aanichtide seqerued siywitdinughy of SEQ

NG 8D a8, BB M e S 55 9.1

63, 63, ﬁ E?Z?mé\k;?l u’g?lto!r VA7E Bk adddntdnk Yr GARaenSRbEC e it Ry optionally
comprlse one or more control antibody, control polypeptide or peptide, and/or control
polynucleotide or oligonucleotide. The antibody, polypeptides, peptides, polynucleotides,
and/or oligonucleotides of the kit can be provided in a suitable container or package.

The subject application also concerns the use of mongrel dogs as a model for infection

and pathogenesis of influenza virus. In one embodiment, a mongrel dog is inoculated with an
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The subject invention also concerns isolated cells
infected wwth an influenza virus of 15 the present
wonuentesn. | n one enbodi nent, the cell is a caaTws2006/015090
Ceely 'sutht'ds cari'rie” ki dney epithelial cells. The
subj ect invention also conceggns cells transfornmed with
a pol ynucl eotide of the present invention encoding a
1nﬂué?19%i 368@?%{1&16&335 cdnltfe hBUEDR VRS oF Tt (f'é MvedtdB. O tlonal ally, the dog
pol ynucl eot | sequence is provi In an expr
can heomstinisteredothetdpeutic egants suhsemffetqonmbe]a’a&nh y Thbhh)gZ@n also have

L essl Qn constr.uct rovi des for. over ex SSi on 1 n
been GBS gt COMP UL A AAPREE B TR Segns iy influenza

virus ipR¥e in@@ulat'idh G?fﬁﬁ Va0 i B thloddNSerGl hnd Sthbf BR&RalBnples can
w th a polynucleotide sequence’ conprising a sequence

be oldpiped ibatpre madiemiatier deealationuandc exagtioedh fomtheaprpsasice SEQirus and

patlloﬁg} 'é%‘f t]%%l’e%gl’% rg%ho%s%{noiél 1n%€e’ arg‘ grfﬁ}u:([ig%’, % 1’6?0% glgl”’lll.zeéd(’), PCR, RT-

PCR,Scleffacid@quéitting! And #dmurdéhistdéhentstry/8, or a functi onal
fragnment or variant 25 thereof. In a specific
erfIBuFlgmsRL of sy ewbediment displosest heseinganrbeacombined with any other

s
clom i by G0 AAHER GRY Heflh P RRLABIAGHS REHERRGNS M Bmplated
withiR the 26pe @Bhe p@Oent3yenB38n. 34, 48, 50, 52, 54, 56, 58,
60,.. 62, 64, 66, 70, 72, 74, 76, or 78 i ses
U1 DR T DB BNIORG S eVITARAL WPLERORD ARGPUDoatigns geforred to
or citéd h&einldke irﬁe%g)o%a'ied w refdinceib th&id entdes ﬁlz:ludn?g?all ﬁ%ureﬁf 4nd tables,
49, 51, 53, 55, 57,759, 61, 63, 65, 8’7, 69, 71, 73,
to thergxtend they 2re nefdpeomsistest with e expBoit sechivgeef thiscpdiificatian.
functional fragnent or variant of any of SEQ I D NGs:
2, 4, 6, 8, 10, 12, 14, 16, 18, 20, 22, 24, 26, 28,
30, 32, 3MABARIAS AND MIZIHODS FR EXAMPOESGZ26 64,
66, 68, 70, 72, 74, 76, or 78. Thus, the subject
i nvention concerns cells transforned with a
BlooRIRUE! 801b 8611cARAUENTRiEOIRRLS| NI the nucl eoti de

Sequernce OWIT T 1T dany of SEQ NGs: 1, 3, 5, 7, 9,
1 ]AcuW]aﬂD&ﬁ"thlb@é)s&i? bRGT/ sldﬁﬁﬂ)&ﬁw&é 2086cteB By JGguldSveniplincture from

1 1, 2 2 27, 2 47, 4 1 7,
clinicgg)’r cgieas%ig or gysyrmgb gr@,gl uqxis m73racn7§ ke%g? sge:;(peggncar?g outbreaks of
r ngr.at
respnfafo"i‘g %%?eosggﬁ%l@é&m 'sd?ﬁﬂ)leéj '\J@:Qe %of?&ge?l ?1@ ﬁzs\ﬁé%fééagﬁte/r the acute
sample9 Sepum wag hapBste@ and Ql@redsal 8(1?‘2 Negal ﬁ\ﬁa,bs 5&re &dlectsd and placed in

Amic} apgos, REgBen iR oy @*Gor ipoistn Blosridices) peding submission

for b&xaaPlselatian pl ant cell, including protoplasts, or the
transfornmed cell can be a prokaryotic cell, for
exanpl e, a bacterial cell such as E coli or B

Postrdt bleSuin&ln ! er&flobifad, nC! ude human cell's, mammal i an
Celts, partrarty bdnlne cells, avian ceIIs and

I I&ﬂﬂﬁlet@eﬂ)ds&noﬂrﬁ Néxa@ihdti®nk nﬁér@ ﬁﬁxfobmbd aye tHé:OIAnhto[’m& &ththology
i cotyl edonqus nDnocot onous, and conife

Servigspiths Upgiomie of filprida Coligee | XisterameoNisdisins GVAkan S of the §
greyHoGﬁéls“ @?a@ 9dibd 3RS aRN 'Jéh {Yg B W%rfeﬁ%( Rf 5 1oAY RIS stmortem

vVira proteln or etl presen
examma\‘zlemt)f enothé dogt was pérﬁn‘tneﬂlesalmisl,ateawﬂermary clinic with submission of

tissues to the UF CVM for histopathologic diagnosis. Tissues were fixed in 10% neutral
buffered formalin, embedded in paraffin, and 5-um sections were either stained with

hematoxylin and eosin for histopathologic diagnosis or processed for immunohistochemistry
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plant cells transformed with or bred to contain a
pol ynucl eoti de of the invention are contenplated by
woheospmesent i nvention. Preferably, the pol ynueCeaSzae/015090
of the invention is overexgressed in the plant, plant
tissue, or plant cell Pl anf% can be used to produce
i nfl uenza 15 vacci ne conpositions of the present
as degcgibed PrloW.- diefixadeissuescivere submitted dombhrianiab telhed ahfinlsugtored at -
goecconsunption of the plant (see, for exanple, U S
Patent Nos. 5,484,719 and 6,136, 320). The subj ect
i nvention also concerns kits for detecting a virus or

d|.ano [ an i nf ectLon by a virus of the present
] C 1 gespyatopppathogens; ¢ corrprl ses an

a']!’fair&P gcYute Qhd tcBﬁvdléb\é?ﬂ}t%sﬂﬂn tsgﬂ Ie? RREL fsﬁ iRty :ﬂrfed %nggal Health

an influenza virus o |nven I on,
Dlagl?@ﬁﬂi@ bemiraopo(Aliloh) etibe ék»fnelll Iﬁmaaz@itj?l e}olleg’é)@idv eRAhary Medicine for
| Ses one or., nore Eol%pe pti des or peptides of

serun 1 GRS R0 cBERS FRPe SHBEPPPE RBoCABHEISE he 2, and

parairfkize piri¢l eSAmm aﬂt saW Eho ayen
e Pl S e yatitersA e e%%s&ed He %@t ?g&%}% Wf Sgrum that
1nh1b1§3§ vigah infeglgon gfgcel}sgﬂ’a@@s S@'ocﬁwers«ﬂcﬁ),, dEﬂnecBQs a544 f&ld, increase in

antlbogg tlt@lo 8?1 gﬁ:en qg? a@gﬂe %oélgzh gcze]h]; gé‘h@]l??? c %E ivgﬁ]{ 1n%ection. No
serocdﬂvens&mﬁ to theseavifdl lphm@gergrtb@s dee&tkd. @ kit 25 conprises

one or nore polynucl eotides or oligonucl eotides of the
present invention. In a specific enbodi nent, the

Microg%gl/iég#é cf!éli%ﬁﬁf%eo%cﬁﬁ\cﬁerﬁgm ll’&kz %g{l;foggn S i g ue 2 g € i 2 O\MI 7 'n 19,

2Ra1r@131as@]5gwab§ an@ 9pstﬁlbrtel417ussﬂé2; w&é ,suﬁrﬁltteaﬁo tl&?Dla%ﬁ@stlc Clinical
aor a fragnent

9,
Mlcroglrolczggﬁ;a; gZSggqqog}A S%F‘flcfhﬁ? t]@ﬁ)tt?}?r) @YMy forc bagieria eiselation and
identifdatidRr efh@%ﬁfn?féls vk 'cQR&%d ofi fqgé?éct Re lr%é&?d;?gé YE1 U media selective

peptide, and/or control 30 po ynuc

for Bong’qtdém&r@p@@(R@@n ~Iivee; Senichoahy, Mpaipjareqpt SpdaSS (Reapdl). daS, cultures
were Iﬁ?d ?’og 9% ldggsI l!)egeré: rep]oarﬁgé g{) tggclsrlyt OE\%%QIEM smoﬁf?gt&fg(%égé stgreyhounds

were d[i:teswmhtte@ito &RPDESAinh @R oR I feQhC Mé@ﬁcﬁ&'ﬁe&ﬁéﬁoﬁfgy at the Kansas
s as a nodel for infection

State Eﬁm@wn Qilegeopf Vigtarinaryz ¥ediqing for hacterénl envibtnc. medt 70 alinically

d1seasé@@%szs&grg%dfgﬁtglgc? %H%fﬁ%l%gp\ty\cdatwhasglgol\e{g éo%gltl%qlr?%glzgﬂwtg of 1 dog,

while Myc@ﬂl&sme@pp htere IrgcoveretiRirihdihe 3dasall BityeHZ 83 VAIQdS, Pasteurelln
pr esent

] as a cani ne influenza virus _of the

o, oS ORY | AT T U gasn it ofdae: Siter patulent nasal
dischafg?er amesIoF t bR halNE 8OG e
ISClacégn al so hgt\lle:g e%ﬁﬁagranq%ﬁg?g?&ugr}; %mjogttsnlr Ry ]r?d B t gf owth of

Escherg@lﬂ@rc@(q iny then limgsu pestmespmnsmea@ig had seant @fdv@tﬁnéﬁE coli and
rus. Tissue, bl ood,

rior [ ation with v
S’rep’w‘”% &y ﬁua%‘{ ?H%ﬁl?fioqg?%ﬂm | seudoponss \eruginesarmad a yeast,
Neltheb Bbﬁde@elﬁzl WhoREhisdpkied nbﬁ%bﬁ(ﬂ&s‘n@ 'vv@pgol‘aa%%ﬂrﬁ&ﬁ Gnd ﬁl{lchteg Br lungs of
presence of virus and pathogenesis of tissue USI
dogs thakikdds known in the art including, but not Ii mted
to, PCR RT- PCR, nucleic acid sequencing, and
i mmunohi stochem stry. Any el enent of any enbodi nent
Virus idolstidrofen posthedrtencigsube conbi ned with any ot her

Frozen tissues were thawed and homogenized in 10 volumes of minimum essential

medium (MEM) supplemented with 0.5% bovine serum albumin (BSA) and antibiotics.

Solid debris was removed by centrifugation and supernatants were inoculated onto cultured
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el ement or enbodi nent discl osed herein and such
conbi nations are specifically contenplated 10 within
woheossiaese of the present invention. Al pat enP€T/US2006/015090
dat fent™iapptitecath Brid = pk ovi si onal applications, and
publications referred to ofscited herein are
i ncor por at ed by reference in their entirety, including
y t e
cells Q#Lnéé S%I@ﬁa zotl@\%l b {';eaec)l(lbrfk?%ie?% e){ﬁ:sﬁﬂé h&]ﬁgg r@%essfpcgﬁ greyhounds
that digkwefel inadulatad irdtb dMTERteﬂLcSﬂfAM@ tNETs‘dﬁﬁlSi“td%iC]ﬁe ANMRt&S of a broad

1-6 . Bl oqd and sal b l.e n fro G eyhounds.
rangeA%quléa? 085w all8s Celhicubiss dn%la%ﬁh Yerohigeas lefesatenlisy kidney
epithd1 {49 e!el?sf ARNE R Qe 811,F A (%éﬁlﬂé ﬁﬁh&yﬁﬁﬂo%a%eémflsm) HRT-18

normal greyhounds in racing kennel's experiencing
(hummutebtae apa&hediﬁl ce2ip, CBEpI16a3 ) MDGKs(eamee kCony epiistiehtells, CCL-34),

pim TGS MG, EELETE F ARPE 8587 181 A e o

eplthambalsv@rfﬂjpp bh@ pfigdrahslik Rs@fldrRellNAEGDLY. MIBORIHd HRT cells
medi um wi t h charcoal (Becton Di ckinson Biosciences)

were galigred gn MBM supriemented withe 2Sr pe(mli $BCHK-ireated frypsin’ (Sigma); the
rema BB K80 SXATAGKOR PEAPSHIBHIAR SR Bt pom

ant1b1Batsh Al QigywerSgromicid 285t cotihiaskinavaeSiih y hafmdﬁﬁed bh@osphere containing
o Il ege of Veterinary Medjcine (UF CV™M on 5 of the 8
5% Cike yheRimies cilfye Vs dpoquipted,with %WIWWEM edke gyltyges were

obserfeP th%a & %Epho'f&ﬁ& TR \ﬁ%@n an@ BRI N5 ocfap{?gﬁémp ?Locgﬁﬂon. The

was perforne a private veterinary cli
harvestad fiusdsi amd astls %rdz rlesilied by eenthifuddiofdMl fiimrculated onto fresh cells as

Rt Y I i SN R GRS PR
activify 1 € %Ia'n‘ﬂ%& s\ﬁ@érﬁatﬁht"s Reds RiciniRE Mo chidk@ AR QKb %@H@od cells
eosi n for histopathol ogi c di agnosis or processed f

as deﬁqﬁhgddﬁuglﬁmetnﬂlst 1392 ezddewlqleol%zpcﬂowsmeas@mogm chicken

‘ embr?c?s arﬁj]? of ﬁés{&g {%[%ggnate Hgg {éll)ég qats?fl 61?[831? a%’iﬁm?cg% %wrgnd 1ncdubated for

re an
48 hoges af 3)53’0: alfieesis bliad passapae the hdhadobgatiah @Et‘ivrcy in the allantoic
pat hogen 5 Paired_ acute and conval escent ser

fluidssasle s dgsbed Eauason Rialar O Kendal ¢/t 1982)

Di agnostic Laboratory (AHDL) at the Cornell University
Col | ege of Veterinary Medicine for serum
RT-PoRubudédtrlatsequenamgayrl @pyhigesttioccanlyses. di st enper  vi r us,
fluenza virus. Anti

IR 08 Rulieeted i sk ofins e abnb e did using the

RNeab{ &t (Qidgbh, bV ety '(1'@} ac'c&fdﬁfgt ﬂoQHaIlefac@lﬁH s Gt SR The total RNA
eroconversion, defined as a > 4- i ncrease 1 n 10

(10 nghwes mraeuttaélﬁcrﬁ@ﬁvteew}melsmm en%cstdp RIrPeReKdftiagen, Valencia,
CA) fég%n t(ealmCalgllr g Lgrg’f %E}J&%ﬁgﬁ({%f %@ﬁ@@?@@uﬁg% e 6o {nsg r%gl%n of the

8 influenza viral genes in the cDNA was performed as previously described (Klimov et al.,

1992a), using universal gene-specific primer sets. The resulting DNA amplicons were used
as templates for automated sequencing on an Applied Biosystems 3100 automated DNA
sequencer using cycle sequencing dye terminator chemistry (ABI). Nucleotide sequences
were analyzed using the GCG Package®, Version 10.0 (Accelyrs) (Womble, 2000). The
Phylogeny Inference Package® Version 3.5 was used to estimate phylogenies and calculate
bootstrap values from the nucleotide sequences (Felsenstein, 1989). Phylogenetic trees were

compared to those generated by neighbor-joining analysis with the Tamura-Nei gamma
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M crobial tests for canine bacterial respiratory

pat hogens. Paired nasal swabs and postnortemti ssues
woenws/13¢isri tted to the Diagnostic Cinical 15PCT/US2006/015090
"Mrct obi'of* &Y Pai &St 8l-bgy/ Ser ol ogy Service at the UF

CYM for bacterial isolationsgand identification. The

sanpl es were cultured on nonsel ective nedia as well as

modegf%ﬁrr&ﬁ{e@cﬁl' fglg pl}ﬂ%@'A@Bgfo%gl esk(?ﬂ&pn%?la?s &l()ﬁ?)g%ﬂ{ %&Wgrmed by the

PAUB\eﬂéBﬂ@,progmm@ﬁnaJﬁyASMimSQ reporting no grow h.
Nasal swabs from sonme of the greyhounds were also
submtted to the Departnent of Diagnostic
ExpeiMaeitel ingélPatdnodtiekogy at the Kansas 20 State
Uni versity College of Veterinary Medicine for
baete pimaenth gld gpecifiopathogei-fred beddlss [(Qimees end do@males (Liberty

Resea!rﬁté ﬁ%gea l@?é(;dg Si’ﬁ%&@a]l %}%@?A&kléﬁ \%‘ﬁ%i Ry S‘M}% Otlbls o(i ﬁ%s?ss B’lrg[u%‘]]% gomplete

bloodr e&ib‘«:em&dhﬂ‘féreﬂmdlh SerAsS aherﬁlatty tpanell 234 Gl9ESysis determined that the
Past el.i mul t oci da was conmnonl recovered fromthe

animals,weye healthy. y Thyy werg éwwefiﬁogﬁﬁhqml@ﬁ Shedgnhanged Bedlity eecredited by
t 0p4 ea
AT A Al e R e
rectal gompenaturesnyecnecaded hwd:esiaﬂytfog ﬂodMybl OfheEdogg Olvére @iesthetized by
St reptoc cani nd, anqt had scant growt h of

intraveaQus d%ﬁgﬁ uoieprlf@pf% S(@l}gh\@n Phpgmacgaticals, 0.4 mg/kg body
wei gh@@f éi?éc@' foRinRIEeR 'vﬁﬁ%ﬂd@ﬁ‘adh@él tgbfé‘so @aﬁﬁ HB% Was 1ﬂo§8 a%tdqgith a total
0ogs that ed

om t he trachea or |ungs of
dose D% o0 athertiar tlesmpnémlrmntf@mws slsms(TCPEDgz)z @i A/Caﬁme@lwaﬁﬂaﬁoodf

ized.in 10 vagl unes
conib R BPNEEIRRSDE S o A0 S tSRe el 8- g oven
the erfietradheal fabeand (RSOtheAR4lf AdthinRitéied Gto the>@bdpthARIDFAsSag¥aBrough a
ed by centrifugation and supernatants were
Cathet%o@éb’%l?@d@@m%at@aﬁ ta@deréctvhezwmtme@mrdmgs were performed twice

daily fgf4ugg}g%p ilnggglgth% ép Bhfdd ?arx{ples 4 mI_t) vg;r? [golll?cteo%by jugular

venipgetirs onr daystlp 316; dﬁj/O adnd BhpA.y ditleghdCoropKaHn &AY Specimens were
ena greyhounds that died were

e
COH%H%@? RO G 8 Biehed S el O cn gAesdtinen deugbors, dd10, and 14
I p Ngno
- G180 b o B M ST T
dogs (}1.1@&1@;1nd épemhle) vate @dhdnaﬁze.d‘@@ntxbven@ﬁlmﬁ&l)latwh GﬂBeuthana51a-D®

iSRRG LRk ONReh i CFl RS0 nlTEAe. S (AU 1

remaiting 2eJog8 Rint sl 1Ak bSortdabxAdhati IP“T
Ki %ney ggplnt(tﬁ@: i alorgpgsl S (AHD}E Cgrl%el f%%%\/%?gismggmal analysis

were prppefatdyascetifecd) dlﬁgsue@ ﬁ?rt\iiﬂells icalturesvere sioAddDit)-80°%hdThis study was

oo P BRI, DRSS S B oS, B0

ug/ m. TPCK-treat ed trypS| n (S| gma); the remaining

ceI .1 i es vvere cultured i n MEM suppl emented with 10%

B NI OCHRIEQ BOZK | cs. Cel | s were grown
'Cgenr?ag I(ﬁhll'ﬁﬁlcélflé @Pﬁlﬁg%n?bé&ét& &JWMbdé)Ma%% %%e%grseerb f farification of

the swab transport media by centrifugation, were set up in MEM supplemented with 0.5%

BSA and antibiotics. Plaque assays were performed as described (Burleson et al., 1992)
using monolayers of MDCK cells in 6-well tissue culture plates. Inoculated cell monolayers
were overlaid with supplemented MEM containing 0.8% agarose and 1.5 ug/mL of TPCK-
trypsin. Cells were cultured for 72 hours at 37°C in a humidified atmosphere containing 5%
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5% CO2, A control culture was inoculated with the
suppl emented MEM The cultures were observed daily
wobanoenmégshol ogi c changes and harvested at 5 dapeTsst06/015090
“ "hdcultatt o “THe "Hat vest ed fluids and cells were
clarified by centrifugati on3;and i nocul ated onto fresh
cells as described for the initial inoculation; two
CO, fidrhé fﬂaﬁ&m@ﬁstwﬁg wﬁn ﬁ:%fst@ Gioldte MEiag donkaatdtion Wi expressed as
activity in the clarif supernat ants was det erm ned
plaquaﬁqrngng:MItSk(BﬁUdpelt grawégf tisgug dslpsbevabel | s as descri bed
(Burleson et al., 1992; Kendal et al., 1982). For
virus isolation in chicken enbryos, 0.1 nL of tissue
Immudohe@eRahigirvas i nocul ated into the allantoic sac and
I ncubated for 48 hours at 35C. After two bli
papaigiazednand, shadetad: Fwan lwg tesue veetipns rfrqnﬁ éhe greyhounds and
beagls?é \k/@l%tn%tﬁltecf &ﬂJPgﬁd- gl L gﬂ({&ﬁ&&d% 1&?9&51%%%‘1 Kalamazoo, MI) and
' eson et , 2; Ke et a
subseﬁi]’eiﬂ@meamt hnebicat pnbesilszfsqdér(ﬁahgcymnﬂtlpmy(lmgpemietla,c CA) followed by

Tot al xt r A¢ ed fro Sspe cul ture .
perox @it bR e rotsr iR b P PEerith ke DRREGEP % sections
were (UQuBQt%ﬂ' wivial1es90 ailutfeds &C&Qﬁéﬂlcﬂ&l ta@tiPEY &F ChitiRE ' dSstemper virus

instructions. The total RNA (10 ng) was reverse

(VMR alws o1 ¢anéng adeneviiua thigd %@leﬂhelngﬂwnmp rropnfienza virus (VMRD,

( \Y/ r;d] t r
tne, (kPR Sndt SeBeun ThbuBEEH B 18 ZBAAGT rihRsghperature
Contx@fs ihélededintilbdtiog vt she/dai®d seg@arRSwithnmonse RIONA @AnL, Serotec, Inc.),
perfornmed as previously descrjbed (Klinpv et al.

and inayhotign of dergonesionst safibosissewih setmalcapiering seqtions.Tgllowing
n I

reanfEF UL DB AERISLEUR USRI ETRLALER, G ssonar

1mm1mupermtiamb iNdApersriduenoisirats iraggentsc(Dake @ BaVsiong MoBeeomdase Kit,

DakoySirE) BALARypEd0 s R K RIS s S B botg counterstained
with ﬁéﬁ&t@k%ﬁf’kre@éﬁr@itﬁ CI%Q@Q)#Z dhe BLERY |M§£ﬁf (RMHRFRANEN Scientific,

Package(¢) Version 3.5 was used to estinate
Kalamrpb olféh idelay daatdd.catl caversléps dppliedswith Pexnadunt §Proboihetine
nucl eoti de sequences (Fel senstein, 1989). Phyl ogenetic
trees were conpared to those generated by nei ghbor
Hemdg@lutinBgordindlbitsdrS(IM) bdyay.he Tamur a- Nei gamma \WO
2006/ 116082 PCT/ US2006/ 015090 -1r" ..::: U113 " _%f
[ Serymp SB@PIWP ingHhatedeviitle deqeptor Hisstuexing spagraRDE, Denka) (1

part gtﬁgag Pogr amE()Sl%g gé)ehro d%tﬁlmg tﬂérgi? do %éatt ilﬂgcti\P fhﬁ? 8¢ 80 minutes at

56°Ci hlcﬁkuathmt AGanife/FI0QS . (HBNB@N[mﬁwmrgrhWﬁllﬁl MDGEI télts for 36-48 hr at

37°C, Rg}ého 95 )%erq%g@glg ‘lg__sg\hsierg Veétg gﬁiqcﬁlgz ggnﬁrll t(loLrll ba%d s%/ored at -
o b

B B e L SR M i,

hemagglutiadtirgl wnidedfevirasnie Sy atert hddedatni ambgualevtunieal séjally diluted

They were ho I%ed C%oge her in a BSL 2-enhanced faci Iltx
serumy i rnétaxfoltléq ‘Ha and 1ncubated at room temperature for 30 minutes n equal

volume of 0.5% v/v turkey erythrocytes was added and the hemagglutination titers were

estimated visually after 30 minutes. The endpoint HI titer was defined as the last dilution of
serum that completely inhibited hemagglutination. Seroconversion was defined as > 4-fold
increase in HI titer between paired acute and convalescent samples. Seropositivity of a single

sample was defined as a HI antibody titer >1:32.



10

15

20

25

30

the Association for Assessnent and Accreditation of
Laboratory Aninmal Care. Baseline 10 rectal
woenpanesar es were recorded twice daily for 7 #ayaiS2006015090
"dogs - werd “afiest-het 288 by i ntravenous injection of
propofol (Diprivan(r), Zenegg Pharmaceuticals, 0.4
ng/ kg body weight to effect) for intubation with
endotracheal tubes. Each dog was inoculated with a
total dose of 106.6 nedian tissue culture infectious
Micrapestealizafi@t (ED) assfy A/ Cani ne/ Fl ori da/ 43/ 2004

1
A 05 DRty 4 B BB gty
MN B804y @abesdd fyﬂébf%u@l@oka% athenodbay éxcﬁﬂﬂ%at é%ﬁﬁeelgegg l%e?e RDE-

t he deep nasal passage t hrough a cat heter. ys .
treateé%aﬁﬁmﬁﬁ@ gBownprigrdetth¢ asseypdhatcodmintetitor viandslinger & the highest

e S SRS ot oA AU BB ol D95 S pon v

definadesy pubedldingereasedaySNOtited bebweeh, pali@d ROE & @oﬂvgle%@a%@'samples.

and oropharyngeal specinens were_ collected wt
Seropgyfiyiby; ps sa@gIsample; wasedefised asn M titer B S each dog on

d . 10,8, . ] P Th wabs wer e . .

o Shotlingard; otk oA e tubroubiG: {PYMAUTHE g gprention.
These- g@@pleEvshouldags be konshedandinditihgmaliepere&itszes are by weight and all

ut.hanati zed, b%/ [ rﬁsyra enous, i nocul ati on of

SOlve’gé’b‘f( BROPLUSF fire Ryoyqlype Huless othemyiseqoishly wei ght ;

Scheri ng- Pl ough Animal Health Corp) on day 5 p.i. and

the remaining 2 dogs on day 14 for postnortem
EXAMREHilnati on. Ti ssues for histological analysis were

pro descri bed.. Tissues for virus culture were

T 2 B30 bR S sy isGisa Spiireibiy Teriad Brevhounds
housettih 2 &tefndly atod Floriah it@ak s thetlbéd] ead thﬁ@éd@lie&:ﬁf)gs RNHese kennels.

e Cormittee. Virus shedding fromexperinmentally

Therei g @PBROE MBIy drasiialcagh kenticbhyilding landGOAslvggehtiedrm. The
outbre%ﬁq)cm SOtk ra‘%quér d]i)egfogpaq‘treF q/thtljdl rf:oI %{V'Y gé?%sg &‘}gfegidglgﬁiﬁ%f; %Pwdeen of

swab transport y centrifug

the 2VENEs bpp fereenbed9\s tdh4D5%Y0a Bﬁt,B@iggﬁfgdc@%hi o 0l 514 days, and
ue assgﬁs wer e perfornmed as described (Burl eson et

Pl
event%ﬁl ?30019@2) dhnipraiae Syees, 6rapmoertly bralthy dpes-died pnexpectedly
with RelnSctig€ WonV e Rlofftesnd +6b%9 @b %%]fﬁﬂedggs TRHO !e%gﬁefrig%i within 24

were overlard wth supplenented ntal ni ng
hours afj ansst ©f drohotrhBgaufyomi the fimdTHCKad hogepdiento @pidl deteir@ion. Both of

e S b0 S eh B UMM b ot i
occur@ht US2QAR/ FiBPB& cedtlof thddeathsIReu PR oRELPE dfPhd betBichN The 22

and staining with crystal violet. Virus concentration
dogs ripgeddn Bee Ferdl Tamonths sy sedre bt AYPourare 47 (PEmopths ajd.am

I S8k b, I hi.sf ochem stry. .5
Ohhl T Sn5EeS VR, IR ATPAIR Bk S et v
and tHenosaughefogrieyhodnds(1andogshead] absviicat ARSI 0PR peracute death
Bond-RiteTM slides (Richard-Allan Scientific,
assomktgﬁ a\ﬁxgtlk &stsmowiggeaﬁnthes@%@m@nwy (Brdeogs efgr wimertality rate of 36%).
Postm?‘gtfé’llheéx %;xaggigng Q%i‘eoﬁéﬁo%%& 08" of BEREALFChRs. AN dogs had extensive

owe
hemorrhage in the lungs, mediastinum, and pleural cavity. Histological examination of the

respiratory tract revealed that in addition to pulmonary hemorrhage, all dogs had tracheitis,
bronchitis, bronchiolitis, and suppurative bronchopneumonia (Figure 3). The epithelial lining
and airway lumens in these tissues were infiltrated by neutrophils and macrophages. Lung

homogenates prepared from these dogs were inoculated into a variety of monkey, human,
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per oxi dase bl ocki ng reagent (Dako(r) EnVisionTM
Per oxi dase Kit, Dako Corp.). The sections were
wonewshiasosel wi th 1: 500 dil utions of nonocl onal PCT/US2006/015090
anti bodi es to canine distenper virus 10 (VMRD, Inc.),
cani ne adenovirus type 2 fUYMRD, Inc.), canine
par ai nfl uenza virus (VMRD, Inc.), or influenza A H3
bovine, éﬁlemm@ pell fites fomtviums ablturenThe ling homieenage fony ensnslog caused

er at.ur rols. i uded ¢
cytopaﬂg% feets dn Vﬁgﬂnﬁqj‘é% cpijee d ? ha g ilg gﬂd[?(frl% ;Eﬁlt&’r@ n the
presencé %? lﬁ?ﬁﬁlho BnPkhd B81 BRAREsE at@li’tt aégﬂdhﬁt‘edeﬁlﬁcdﬂomsﬁﬂﬂood cells.

l'ung sections. Following treatnent with t %;
Prehmlrmry mdynoamfuanonﬂ@@zaﬁm A aEs vis prided; bych semegraigl-ISA for

o) 15 1 o} b
detectiof g | BRIO R O A T B Rag ol oy PR Bl Pusing
prlmers d@ﬁa fo?@l@mdtrﬁ@dne of htﬁluﬁmaw& armdlmse mh ﬁdc:]msm Jhe hﬂ:mag.lutmatmg
iy A O i S OUEL 5151 D ML RSTBEOLHLET, 1
antlsera( e%g?c; q’oxAlhlu gsﬁifﬁt%iaf 1A subf§RbanBzenl Md .H13 (Table 3). To

ted, coverslips applied with Pernount
characte(rﬁb G&mﬁmhl)ar pﬂmeﬁbﬂn@thegflnns; watleterminad it nuctaetidepgquences of

the 8 nggsspglgﬁ%% r@% g}é@%@ lg%rim\ée@ ' %gc)%%?%%%aémog{s IQNsl{el flgnn@&rémﬂuel%za virus
genes @E}%logénejﬂ@ AMAHESs Allic3ted tR4titBE St @nbeaf tHen@@inevidblatenwere most

m nutes "at 56C. Influenza A/ Cani ne/ FL/ 04
similar (¢43N8Y foom eonigapogrpviquing barizaeh |GG vapses With ghich they

irus cul.t.ur Jaja r t
shared §§(§Wy seeau%Ve 186 tﬁy?ﬁ%ﬁt : g%x rl“dﬁ tgPQ%% UEst: g%nes ntative genes
from avldi€ stlined BEBNuMES inflRichar AﬁEﬁd)laiSS ldaels{g@/b etenfityewitl tisd qamne isolate

o R el it TR o0
an inﬂx?e%&é % é\cgalvﬂ{ﬁ d1os8l rzlé!Qtécf‘thbGr{t%b$1%fy WatdeRs ¥Tdquine 1nﬂuenza

room -t nper ature for 30 'm nutes. An equal
v1rusesv 0$1m§m abif gele S UF \they cenink ésplae yrdie of yageimeviasiuenydeviresnerigin, we

l.utination.titers

concludgfl gt B S fruERRIOTR o RS HIERe Yot P oest PR o the
dog. the last dilution of 30 serumthat conpletely

i nhi bi ted hemaggl uti nati on. Seroconversi on was defi ned

as > 4-fold increase in H titer between paired acute
EXA onval escent sanples. Seropositivity of a single

e was defined as a H antibody titer >1:32. WO

2006k d:tBRB2hBGHdISL A6 021ineP0,/043Girudire ten eliical| arxiapatbelogical

(M\) assay. Neutralizing sgr um ant i body respanses i
observaijogs it fe/ SreylmandLgrgperigmed dppuapigioghemica 13%4{}&‘2% on fung
tissues qgl%%ref &890&5&\158{1%%' {oRANGe B! a A@IHB’ 2903 %ﬁg@ﬂ wab@bnsistently

canfne sera wer - 51tre as descri bed above
detecteprinothet cytoﬂdssmscsfabronaﬁiel emdjﬂ»mmhloﬂart emithalisl okdfsi rhsenchinl gland

eplthelﬁlg GTIP agﬁ“‘f g{alc%p gécis%g @%%a@gl i renl@)sg artl { @g%o\far§é3ra%%soﬁ eure OR] These

data sdgg&’t LAghERRL dSpulnbnh9! Bfdcheh satLinied Yitdsest hethi®edbtype in
Ired acute and conval escent sanples. Seropositivity

multiplefdogs.si ngl e sanple was defined as a MN titer >1:80.

EXAMPLE 3
To determine involvement of a Canine/FL/04-like virus in the etiology of the
respiratory disease outbreak, we analyzed paired acute and convalescent sera from 11 sick

dogs and 16 asymptomatic contacts by hemagglutination inhibition (HI) and
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Fol | owi ng are exanples which illustrate procedures for
wo B6@fikesa! Ng the invention. 10 These exanpl epc§hidhdd/o15090
FINet DEHgeRstTHed g i M ting. Al percentages are by
wei ght and all solvent mxture proportions are by
vol ume unl ess ot herwi se néfed. EXAMPLE 1 |n January
2004, an outbreak of respiratory di sease occurred in
microneRrakization d MIN b ySrworrdsersibd, defirseldas a 22 4kehlheibs imtantibody titer to

o S S, B 0 S s
both asR9€ t‘Téb%] mel Sérebdlicngornpstudef i6l6aT 1&t (38 aﬁﬁhﬁﬁom_ﬁﬂ@ contacts in

out break occurred over a 6-day G{)erl od after whi
the HI rpesaye axliile Repl 1iodE3VPX segconmetie éénthéfMN thesay 2 (brbées 1) The

serocon?%gltog %\i{%ra%g{;osn,ségteé i Qtioh: ?gii\e @o§§ Qm{ht a @g%gé/?‘%/(ﬁpﬂl@vlﬁ&rwhwh

aRdeventu
coincidedetemipotallg vatiihg dnseh ofiprepit oyl disdaeaaintxhyst doiysaldi ed

pect edl O wth morrhage fromthe nouth and V.
Sl oHip Satyﬂﬁéiﬂ %@golgsepeé LOORA 2 s QDR ﬁ?rﬁm an additional
46 asyngﬁ%%@fio rl%?nged)(mﬂﬁecl{@ sicRaRgs.f CAThdBes L) AR %g%%sitive in

to rapid deterioration. "Both of "these dogs
both assapu elfar thé todd pCpulktion oHT3 déps iSteth 2BVswere (sa:ropesitlwnntbvéh assays,

includintg:@ge k?}ig | ? | ngsglégﬂgs %dggf’y 4@%&538&}1 s gﬁ‘{/ s actsy The high

seropre‘&tﬂlérféé 8aldogd Meth2eo hidQE$ of aEpaetory dReMelihidhtdd (AR MidES infections
years, %ut 73% were 17 to 33 nonths old. 25 Two

with ca@mp nmf&%ﬂnzg yHY$ @fﬁe@lhﬂ)eméalemdoﬁél@gest &higied epraad| ofdhe virus among
doss 1ERAGEREIL ST P lby! QY U DS 0RAR

peracute death associ at ed W|th henorrhage in the

respiratory tract (8 dogs for a nortality rate of
EXAM Post nort em exam nati ons were perfornmed on 6 of

1o %eﬁe @Lsteﬁﬁsﬁ% ‘ca é‘& tgﬂ%gtﬁg Wgﬁ:ﬁf]ﬁ@@ s theRRET RS four 6-

In the ungs nmedi a eural cavity.
month bldspmipogﬁ ~brztl bsagknsnwtneocawf inphated wils pi0P Atroedian riaste culture

infectiofg 82 TRCIDRL Rl tof Bt el 2o e TRRRH Yol P E81R eBetoped a

fever (r&iflReMPéradRe Bwﬂ@iﬂame YRR dhayk Fbﬁiﬁo@ul?ahon {HE), but none exhibited
epithelial lining and airway [unens in these tissues

respiratoiyr MmemE spek 8¢ coyeneunaseh mSPlsargm a@verat 6 phaigrbservetieny period.

Virus sﬂé%ﬁﬁ%e&% §§' B@&’@{y %ﬁtﬁ?&&ﬁ:‘i‘ 5P Q/qu\%? 5%%&?11&1@ DEL@BEQH swabs.

Into~a vari e uman
Only 2 PCHeUS263G6hed a@@atabla'énbmmsrtﬂ? viand Omrdolgeshe@ Wirus bmdsys 1 and 2

f i | | d
pi. (10554800 T Biratid. whrises G Rooiehen VeSS o Rahsctutive days
after inddulioY (ERL4. b%g@!PF@eﬂéé %\é\/ﬁ strﬂa’xlt 88508 2 dogs on day 5

presence of trypsin he cell culture supernat
p.i. reveajeyl nedrotiniegl avdh Ihc’t&@fplasmj trhéheaics, bedrichitis, Pnd bianchmtiiis similar to

ot o RSP e B S R B 2 e
or bronEhépheaRGMh e Virad I &ftipds Wad dbteoRd Bt éﬁ@;ﬁ&sm dndpimeliBCR s of
analysis using priners specific for the matri x gene

bronchig forenehialesn Aad Abspnehigle glanls bxdHIE | Giagure hié3) Infectious virus was

TSN LIAL0055 S 1 Yl B SRy 1 0 i

2 dogs by day 14 p.i. showed minimal histological changes in respnatory tlssues, no viral H3

(.«L\

antigen by IHC, and no recovery of virus from lung homogenates. Seroconversion in these
latter 2 dogs was detected in MN assays by day 7 p.i., with a further 2-to 3-fold increase in
antibody titers by day 14. These results established the susceptibility of dogs to infection
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antisera specific for human influenza A subtypes
H1-H11 and H13 (Table 3). To characterize the
wounbmauéme properties of the virus, we detern ret/uSh®6/015090
ongcl bt e seuEntes™of 10 the 8 RNA segnents of the
viral genone. Sequence conp@risons with known
i nfl uenza virus genes and phyl ogeneti c anal yses
with Cantheddr@ dshatidedved Svygeiretebeile tddpomRNipRBeh&@ObAGaMRiBzen and
. .hmost, _simlar to those from contenporary equine
infectiQu§Vinys i theAdupgprisnchyiong, distoratiolagicah Haringp dypical fer iafuenza, and
serocorfvedsi V1SRAUANKL Y ADRLY skierd Q!lfs?as’kAandTaQitﬁ ift the Iererinaentally
_ contrast, representative genes romavian, SwW ne," an
inoculdtedrimagles livewnt sutpristng aines datgeptdpartiemtdft thewnathrailpeinfected
hoS2 ine isolq%e 5 (Table 4). These data identified the
STCYROUAG; W POSMRPR@RF-Cani ne/ FI or i da/ 43/ 04 ( Cani ne/ FL/ 04)
as an influenza A H3N8 virus closely related to
contenporary |ineages of equine influenza viruses.

EXAM all genes of the canine isolate were of equine
i f Vi rigi ncl uded that the enti
7 AR 8PS O ST P, 0 LS e

greyhotuidpspulatioed ih @°lérid pritego tBOTdnuAdyYPII84 oulisrehlt vedtivAatR from 65
the role of the nine/ FL/ 04 virus in the clinical and

racing greyheindsivestr testassior g pissence i prbegties tegamiae/Flud4 using the HI
| i Lealastaigi

o MRASEPE A LSO AR ABLSR T 0 Ol 190 1090

Of 32 deigs sdmpled hettwiege A00RSNEI0S] 8 tent seyoRBitietiebbtdhsiayst Nen 2000, 2

. yt as chi al,and branchi.ol ar epithel. al )

in 200846 35 AR BB RGPanan? GhrophafTa fopE oS g ot Florida tracks

involveiR Gl QRIMIGRS cbﬂ“re%pfréﬂ@%}r laisemsRs o P RFKAIWE @tiBlog PRESS 1999 to 2003,
(Flgure 2A). These ata support a di agnosis of

suggestiRg i o yeaniTeddy/Domikei itnsi mpy Uwive dboginrths eiusathve ##%nt of those

bt vpe: i N Wol . EXAVPLE 3.Ta determ ne
outef o 0% Bl S ot B AUE Rt AT M om
greyhoetdsoltlpgy diefl fioen Hedsitagicobyordhs@reRo0iA! B EBarchiV®003. Lung
anal yzed paired_acute and conval escent sera from

homogenaiss ineridediHeo MDGK 4785 sndelickenormbiyes fipyp one dog yliglded H3N8
influen2E VR |%Mé&aw@%}ghéyﬁjﬁfdw??@/?gﬂuk@%ﬂﬂ@/gp{ol%gp%eéﬁ%%%zatnglysis of

PCT/ US2006/ 0150
the complete. geinomie’ of; Cartine/FE/03(deveaaddd >29%;idedtitB8o Canine/FL/04 (Table 4),

T 1 (e ut r al i don, . . Seroconversion, .defined as a
indica s 5 REipegBPe Tirhieh g et Eeghouedn ey PGS 11 om

the acute to conval escent phase, occurred in 8 of 11

g 73? sick dogs in both assays (Table 1).

EXAM onversion occurred in 6 of 16 (38% asynptomatic
' e ile 8 of 16 (509 . .

TR OBRE 4 Proghioth, FRBloc) Pleie e G570 in thousands of
racing geiybowrds et sidonadiatia Flenad) sllekad, etlabdth CAikansa8] W Viigdsa, and

with a Canine/ FL/ 04-1i ke virus which
Kansas. ,

Officials at some of these tracks estimated that at least 80% of their dog population
had clinical disease. Most of the dogs had clinical signs of fever (> 39°C) and cough similar
to the dogs in the January 2004 outbreak, but many dogs also had a mucopurulent nasal
discharge. Multiple deaths were reported but an accurate mortality rate could not be
determined.

We collected paired acute and convalescent sera from 94 dogs located at 4 Florida

tracks: 56% of these dogs had 24-fold rises in antibody titers to Canine/FL/04, and 100%
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coincided tenporally with the onset of respiratory
di sease in nost aninmals. Single serum sanples were
woabdematosd 3 nont hs after the outbreak from anPCT/US2006/015090
additional 46 asynptomatic dogs housed with the sick
dogs. O these, 43 (93% w&be seropositive in both
assays. For the total population of 73 dogs tested,
were s&gﬁ/@s\IWee(f’Faﬁfeoﬁo sCoivatesteht RO Trais 99 bgs 10 Were Vighifig a8 Yansas

of the sick dogs and 95% (59/62) of the healthy
also h @mlb@dlgs toTRaning/§h/04 ngG prodated erBenzAJdEEaI8)viys dgm the lungs
of a grQ}{1 oagfsdéde gffﬁéng%rgllgaémd&%ﬁ% ﬁ%‘g}géﬁ?tﬁg 3 tfalaﬁtm PRRLs. Sequence
analysis ob (’.ﬂel ammagemmé subgdsdlatef lﬁanmdeAvtCaﬁmeéMasﬂ 12004 (QaninsgTX/04),
among, .dogs. It is t wn i bcl ini.cal .infectiaon
revealodonbh iR & Cramlidadi able Hb VIR eoIRhG pciier gloselypelated
1nﬂuen9§t\;1ﬁfsesu% Shan q:ahﬂl% E&i%@@‘b‘vteﬂ/ a0f13-tnﬂﬁ1t k08! Al %m different
irus to infect dogs, four 6- nonth ur pose-b
geograplsaglloealom,r éogdwm Wrtb clhke as@dtamlalhsemi@gﬂa mdancet |0§ S\M@espread
[ture inf ect dose

1nfect1c?rhinpg]{1g, %greg ﬁ’t §u§§§s§é‘q-r %Qe)élsmycxhtloa 05 a Canine/FL/04-like

v1rusni3|@1\é‘%1bg?69u1§tlorf ever (rectal tenperature > 39C) for the
first days postinocul ation [ but

Sldserests 208 ppF dbor [ Aoyarptornd Eauined oy Grnige FLIOA, and
Canin )%|4 ﬂ o%\gega{h%F NP Cofstilite gaa o%%ﬁl?l%(ﬁ% Igg&kpo Wrﬂho?cb\t/llstr Bgotstrap

Irus S exam ne Ion O

support than &salclearis diitﬁmh &bymg@ﬁémpmb'SH3 genésyoReqiing higusés isolated in
shed . det ect abl e zilrmunts o{ virus. One do

2002 G 2903 riFégye hB)andP]%’ oqﬁnrw qopEis2a wgweppﬁclﬁ%ﬁlfe sequence
compafi WiR)of tHEMERS cbhGin eﬁitQQ d\ﬂ‘xé éé%réé%ﬁoﬂ' of the canine genes

consecutive days a te I noculati on . ogi o PFU
as a diggct mm)eag@mmp$®méxam1mmt |eqmnof\11ras linme eid;atai ayt hown, and

5.p. i eveal d necrot Z|n and hype
Table Bk il ey iR EIeG I B &R ST TEPEY i gfogp spegrate rom
equmetlﬁﬁﬁenfzﬁ) W alsd BupdoLted Q@ﬁh@@%@é&fcedﬁfﬂeﬁgﬁmﬁ gy Asidndhenges in the
t here was no pul nonary henorrhage

HA (Tl@bbnahoﬁsﬁgqﬁm;mvﬁh th ﬁ%rplogsaahmsuﬁ%iﬁromao@?eﬁ%%eﬁ egendata are
cons1st%}{tt Rz ile e\ma:tsh&ﬂsﬁﬁsg%l lg eélgf I rgrl?cil}}%% t(OF gs w1ng§ubsequent

ronchi ol'e bronc
horizohtaf m&ad&;ﬁhy Wirls mmhs gr&’y&ﬁom‘i{cbp(qdﬂeftfoﬁm Hdweevet rrgpdaltalauaroducuons

of one _of the . d Post nort em ex ation of the
of thisy wrgienlinrges et in ‘efg@a aﬁua;@nmn ynid%ngﬁ%finée&eﬂﬁom FRgpies can not be
formal%é&ﬁld@@'&%ﬁce%ﬁ%%% L@ respiratory tissues, no viral

ant b and no recovery of virus froml ung
hTitmgleedaHAss aSmtmab determsinamt ¢fnhdsh ewlesl speclémty’z off dguenza virus

(suni G oo oo sbpl SRRl X iy Mo cuRd i adaptation

to the Q@Nnelﬂost , e 8@inp e tlede@biAUnins @QldtsB%le%U@ e£pidiRd HiAkYo those of
of dogs to infection WO 2006/ 116082 / US2006/ 015090

contenmporar equige| firuseg nF@ul\,am;mo a|c1dlgllamg®od1ffgwntiatg§he gquingjapg canine

maturecﬁg Qo%sgrlrs/ug %mn?os Fcei ?C?LQ:%@% %33 'IéZ%Tr Gnd ?\ﬂl%gT (ﬁeee Table

presence O en - a fOUS vViTus

2). Tﬁemmneaﬁmemyava anhinghe paﬂmele@gn cvﬂienfcbﬁ@m@sto ttlyeptménsus equine
for influenza, and _ seroconversion. The failure to,
sequencgr SHRIETS cAmine agidsRogsionanth e &t eqwng pequence is position 6 in the

HA caﬁﬁr@%@hd@l@é,%ﬁlﬁo acid position 29 in the HA equine sequence is position 28 in the
HA canine sequence, amino acid position 83 in the HA equine sequence is position 82 in the
HA canine sequence, efc. Thus, the four substituted amino acids are at position 82, 221, 327,

and 482 of the amino acid sequence shown in SEQ ID NO: 33 and SEQ ID NO: 34. The
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i nocul ated beagles is not surprising since a |large
proportion of the naturally infected 5 greyhounds
woenw/1aegapt omat i c. EXAMPLE 5 To i nvesti gat e weerhiszo0s/015090
“ Cani nef FLF04 | tke ' nftuenza virus had circul ated anong
greyhound popul ations in Flgrida prior to the January
2004 out break, archival sera fron165 10 racing

substg%tﬁ}(ﬁgg? %e y a%ﬁ?&ﬁ%t Eto %ﬂ{lég as g a@JSltﬂ{#}h kb Og ' e%hange of

unlmcvwn ﬂetc&mhai Isigmfmancdommee\saruons ﬁo’iaﬂmgrduesaarp lf@d1dfmd{8 ﬂsﬁ%ules from

508 G g ey et Sobo e Shep 8
cleavadlstte oiiek B3 IHA %QQ@ee@fE@ﬂla@ed@ thFé?)?llr)%e rm%&él\&%led&%A cleavage

were |located at Florida track i nvol ved "1 n out br eaks
by hest pretepies atnopa,thegesteas esuegestsnﬂnbMS ethiango gyerits dmth@ogudy. The

[ EL/,
T ST TR e e Tt R T

becauke ii fepestitgat gord-borBefvased Bhdnigt d]‘aldéﬁthﬁ rthe WRAliGXRM B@ding pocket
archival tissues from greyhounds that died from

whichhegrld pedglate %Pﬁﬁ%ﬁﬁ&%ﬁ%eﬁ .- NAB®h Intsotinglynipucine at position
hjye k
222 AAERRYS EulOE B L NP MRty S RO S0 a2 in

subtypex (Nedbugev@aed alg/ 1900y Kdedcd42 k260,32002ANn iIhe/lﬁchr&Bs)ubstltutlon may be

e SRS PSR, B e e SRS e svin wit
subtyga_ Al(Bafkkin erlaf 02600 bAGhAALs a&%arsw“ﬁé \%kﬁ 9%(%%?{9 \(Péﬂ»i§ @ﬁaz 1999)

ad infected greyhounds prior to
virusepubayet keenuigpented0 0he $Lé>sf{mutlam of wsgarsgas emduttllueetaks at consensus

seque?lgec gisrlt?& h% }&8@&?{1 Xg%ss o%f a@gﬁggf gggt e{c’/@& subumt that is

conseWeddh Bl d1A autstypdSameagier XL 20GH)S A@ﬂhoﬁglﬂﬁie @npbARER of these amino
racks esti rg:t ed that at Ieast 80% of their dog

acid sdpitiHoniy adpptatiomp! o1 s@uRe virnbist dags remaing 6o de Haigrmined,
51m11:£i'| dnﬁh& %L:ldsé}ﬁtﬂ%esolga\/fe%%ﬁ o%@egv ﬁ%ebr egajltz 18Ua% ocﬂtmnl \afoﬂé S11]it8rspe01es

dogs in t anuary
transfat @bntsaal‘ ad , b8 Matrdsevich aasl/al2060). dékmﬂimaa’cgbdlfﬂkiftdnbeﬂﬁween other

. deat were re rted but accurate nortality rate |
influcEg, P RpteRis oY B AP A1 SOBATENP JSARFRRS 25 Giem in Tables

19toapd conval escent sera from 94 dogs | ocated at 4
Fl orida tracks: 56% of these dogs had > 4-fold rises
i Tharfoprssdel thet equine nfloandaneitwl flod initialdy me%emcmg greyhounds

remalflggg%cﬁﬂaggg 2 g nva]? %9634‘18 C? ga%?tlreg& V}i.g g(gg]gC?i%%? %%rt hOI'SCS or horse

racetr‘dd:ld:sglsng@saﬁgl tKan samtactabsivebd hréfHoul@fiag8 §Rdding horses is not a
Cani ne/ FL{ 04, W isolated jnfluenza A (H3N8) virus

sufficieng gxp t}qynﬁg the myltiplecquibrgles ithakfemnd tases in 2004. A potential
sourc@ %FQ}E oB@8116 1 QRECRRRUTRNY Re@hg 3t hbREKeAt o E?@%&mds whose diet

nce
is supplemented with raw meat supplied by packing houses that render carcasses, including

horses which could carry influenza. Precedents for this mode of infection include reports of
interspecies transmission of HSN1 avian influenza virus to pigs and zoo felids fed infected
chicken carcasses (Webster, 1998; Keawcharoen et al., 2004; Kuiken ef al., 2004). Although
this is a plausible route for the initial introduction of equine influenza into dogs, it does not
explain the recent multiple influenza outbreaks in thousands of dogs in different states. Our
experimental inoculation study demonstrated the presence of virus in the nasal passages and

oropharynx of dogs, albeit at modest titers. Nevertheless, these results indicate that shedding
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anal ysis of the entire genone of this isolate, named
Al Cani ne/ Texas/ 1/ 2004 (Cani ne/ TX/ 04), 5 revealed > 99%
woOdeostiiiéog2t o Cani ne/ FL/ 04 (Tabl e 4). The i sol apPComsefo6/015090
* t*hreee chosety related- i nfl uenza viruses fromf at al
cani ne cases over a 13-nontlp period and fromdifferent
geographic locations, together with the substanti al
i l.agixal 48V - desdqr. i.nfeet | .
B B R i AR Ry [oB b SBTRS fomites, o
directem@analieonfalt @4ld plag a relerin thei epiZobéioldgg opthpudisahseon. 10

Phyl ogeneti.c anal ysis of .the HA genes, Cani ne/ FL/ 03,
cafe BB BRI Gl diolsim SR uREe PGy 0 an borelated
mamB@N§decieltie 2rFONQBRY | Stdvior3’ QHBeMhbie ?}%@d hpokate I_%gical or

_ supgor,t that was clearly distinct from contenporary
virologigak §vigenasg bith aotyboths ef thnsidrdtintciion oPdogs withh 12608 influenza A

' . P o} t L.Gr.anal ysi pairw se .

s TRUE By B0 B9 KB BL3, 397 Dl . 197, Howser o
al., 1980)onHowsegMEs vespoevidendehef seeif@atir@ilatRh fh@e canine host.

cg}nl ne g%eneftse 1? as a distinct sub-lineage nost closely
Althopgh direrd Yagsien el syieratlyenza yinpescio nightoapaeple ishwsindocumented
Dacs8 ¥ o7 Tg¥€ The ;chysd.e9.1.00..0f, 1;h L ne i pf za .
( .acsgeﬁgls , §§4éﬁn%lﬁroalp%‘)l%l' étl ?‘%é, S{a'(t)ruf%caséetpc}é ; g?%ﬁﬁo rﬁt az. qhm, fhere is no
evidemnqef fonexdzptation aif she suiEoviresds iy Huneanphese raethdf report, we provide
. lsi gature.a'no aci.d han?s i|r11the HA (Tabl e 2). )
viro 0%88 tSlogisaly, and, maleey R Eape %rsmtqrgpepjfeé ﬁ{&g}@@gssmdof an entire
equing ¥heniaN8 THINGY Qirdd B m@%ﬁhﬁhﬂﬂiaﬂ"s%&ié ﬁfe%g.e Utdidi>amino acid

transmi ssion event fromhorses to dogs W th Subse Uent
substipuiondin heneaminesyirusad Aofcoutied withussralpgit#lecopfiephdomd! infection of

at , Jepeated i.ntraduct.ions . of thi ,
dogs YRR s FOUBIES o GOELE O SO B P v
dogs drea @iivoiry cGRpHiiasaianl Y hullns, iR Bnlinee kel didflications for public
unlikely as 1t may be. The viral HAis a critical

healthy dogs Mayaprovide HH8Y oy o5 tepamissioni afynaiel jinfluenen 2a viruses to
humad Fus  (Suzuki et al., 2000). To identify residues
wthin HA that may be associated with adaptation 25
to the gapnj ne host,, we conpared the _deduced am no acid
sequen c@agiﬁqt d&‘?tﬁ%?dﬁ/&%sp%settﬂ é¥ ga%me/ 3 g’ﬁ@é@éml\@u i ne
vruses— Four amno acid changes differentjiate the

equi ne and canine matgk Bogn(lddhsenslis daldhydeontacts (16)°

nnnnnnnnnnn L pANAQAT / Talkl
FREMBRECES ™ N83ST WAk 1328T, gramd 83T {isee—Tablte—

2). _The cani ne viruses haye an am no| aci d del etion
Setvenncosipaeif t 0 t he7iconsensus7gqui Nng  seggiences. 50

herefore.—amno—acid posiltion 7 in the HA equine
T

Serd SHEEREON posi{ti o% in|the 8 HA fani n®0sequence, 100
LR Ahkd RES (T omy3g Tthe ghequine tence—+s 131
position 28 in _the cani ne seguenge, no acid

* Numpesoftdogn with dlinidahsightfofefistafle sequence 1S position 82

b in the HA canine sequence, etc. Thus, the four
N”“’é’&“o%t{]aisl’fat’f@aflaélﬁidﬁsiﬁ brused ingaatast wibsiinically éizcased dog327,
HenihRaplp TR0 e el a0 SRR O

! MicrB@TitiaB2006/(BM0A8ay dsing ACanidd Flofita/h3/ 0¥ viths, | r ss!

dnrl . ~wvnl4 ... NSII Ilv. IV - iil" It 11 41
® Percentage of dogs with at least a 4-fold increase in antibody titer in paired acute and

convalescent sera.

f Percentage of dogs with a positive antibody titer (HI titer 232: MN titer 280) in the
convalescent sera.

£ Geometric mean antibody titer for the convalescent sera.



substitution of serine for asparagi ne at consensus
sequence position 83 is a change of unknown

woéumptiiensal significance since various pol ar resTase®e6/015090
“are* f ound ¢ # -H3- wokeged es from ot her species. The
strictly conserved isol euci pg¢ at consensus sequence
position 328 near the cleavage site of the H3 HA has
been repl aced by threonine. The pivotal role of HA

cl eavage 5 by host proteases in pathogenesis suggests
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Normal sheep serum - 5
Normal ferret serum - 5

* Hemagglutination inhibition titer to virus isolate from dog# 43.

® Polyclonal antisera were produced in ferrets, whereas all other antisera were produced in
sheep or goats.
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LQ. nal

Vare4s lgr—amnreo—actds—presenrt—N83-S-S-Satthis
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present in sone dudck H3 HAs 1118 |- - V 1is consernved
PEh alll 9BOMPE7NVi g condSOVBE) n nost HE7TOAR6.8F  \B2B6L2 (96.4)
DQIA147 al Eq/Kpeaikesyrs ||ocHebdlbreaPsBhe rec@‘g@ﬁar@f ndi ng PR/8/34
site|A27MM586V V|is pres8AtlSin sone r 8E8Atl/Bqui ne (HK/213/03)
isolates 1328 T T T T is strictly congddiRéed®2i n al| AF389115
avi af, swine or hymans H3 HAs N occurs in all H3 an@dY576381)
PEL hell Hay7 1Vegg) | I SEALYPED Renlaceqgmlof BSUl TS 1ghg (97.1)
DQ134088 | Bf/ T8nittk 468 R% | atil/BRisREbBmbRAL - s¥corddAS b§0/M| NOWeN/33
aci d|consgsseadi ve | chamggid/74AM NO acighykexhdhe (Sing/1/57)
(single letter code)avnd7P@aisosPn i n thg gmiyre H3 7178
The am no acid cqde is: A=al aning, D-aspapid;c aci d,(M25924)
G=gl yci ne, |=isoleucine, K=lysine,| L=l@ug18655)5
4‘ . rﬁ6-n?’e(9 oa gpar g%l\]\:éz? R=argiini npi84;2$ﬂg%)l ne, RO
PA—t hieo Igkvalli ne ophan. ] es no 83.8(93.
DQIZphEhge fr he cans&ihileld V(ﬁg H3 HuyHong Kong/ | Taiwan/2/70
1 Eg/Tennesee/5/86 | (Ostrich/SA/08103/95) 126/02 (Viet Nam/
AY303660(AF508662) M26081 1203/04)
AY210199
(AY818132)
HA (H3) 97.4(97.1) 80.7 (89.0) 80.0 (87.7) 81.8(87.9)
DQ124190 Eq/FL/1/93 Dk/Norway/1/03 Sw/Ontario/42729a/01 HK/1/68
139916 AJ841293 AY619977 AF348176
NP 96.6 (97.9) 87.9 (95.1) 85.4 (93.5) 84.7 (93.0)
DQ124150 | Eq/Tennesee/5/86 Ck/Chile/176822/02 Sw/Ontario/42729a/01 | HK/1073/99
M30758 AY303658 (Sw/Fujian/1/2003) | (Hong Kong
AY619974 /538/97)
(AY747611) AF255742
(AF255751)
NA (N8) 96.8 (97.0) 84.0 (85.2) 1na? nal
DQ124151 | Eq/Tennesee/5/86 Dk/NJ/2000
106583 1.06583
M 97.9 (95.7) 94.1 (94.0) 93.7 (93.5) 91.2 (95.4)
DQ124152 | Eq/Tennesee/5/86 Tky/Mn/833/80 Sw/Saskatchewan/ WSN/33
(Eg/Kentucky/92) AF001683 18789/02 (Hong Kong/
M63529 M63527 1073/99)
(AF001683) 102177
(AJ278646)
NS 97.5 (95.7) 92.0 (90.4) 91.1(89.1) 91.4 (90.0)
DQ124153 Eq/Tn/5/86 Mal/NY/6750/78 Sw/China/8/78 Brevig
(Eg/Kentucky/92) M80945 (Sw/Korea/s452/04) | Mission/1/18
MS80973 M30968 (AY790309) AF333238
(AF001671)

* Percent nucleotide and amino acid (in parentheses) sequence identity of A/Canine/Florida/43/04
(FI3N8) genes to the most homologous gene of influenza virus virus isolates from the species,
followed by their Genbank sequence database accession numbers.

® Not applicable: N8 neuraminidase was never reported in human or swine viruses.
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H8 5 Quail/Hong Kong/ G1l/ 97 H9b 5 Chyvegken/ Hong
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Duck/ Engl and/ 56 HLL 5064l 1491 89/ 44/ 17 2'665’ 3 42003
rnel sheep serumn erftet serum -

ngn@fqg,lygés{éationlnhlga %tl ? § 10 yirus i oIate
5 AN |s
|

fromdog# 43. 5 b Polycl onal d gra were p oddced?#n

r | pther ,ant ra rel praoduced in
ﬁﬁ %%EOPOM%&gsm 6/ 118082 US2006/ 05090 4%

Sequence honol dgy of | A Cani ne/ H ori dar 43704
%P%b[ﬁéy%’d fles to equi ne, |avian] sw nel2 an@hidrdn 280-2242

strarns or I niTuenZa A

“The year of serum sample collection from racing greyhounds in Florida.

® Microneutralization assay antibody titers for seropositive dogs, including the range for the
six 2003 seropositive dogs.

Table 6. Antibody response to A/canine/Florida/43/04 (H3NS8) in racing greyhounds at
4 Florida tracks in June 2004.

Response Track A Track B Track C Track D

Number of dogs tested® 37 10 22 25

Seroconversion (%)° 46 90 100 64

Seropositive (%)° 100 100 100 100

Geometric mean titer? 401 512 290 446

*Number of clinically diseased dogs tested by HI using A/canine/Florida/43/04 (H3NS).
b Percentage of dogs with >4-fold increase in antibody titer between acute and convalescent

sera.

¢ Percentage of dogs with a positive antibody titer (HI titer>16) in the convalescent sera.

4 Geometric mean antibody titer for the convalescent sera.
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Gene Equi ne Avian Swine Human P132 96.9 (98.7)a 88.6

(96.8) 87.9 (96.8) 86.2 (96.4) DQ 124147
waaghicansoseky/ 2/ 8 Mal | / Al berta/ 98/ 85 Sw Ont ar i oPCPRSBI08415090

Mr3526 "AY633315-019%T¢1f 99 (H U213/03) AF285892

AF389115 (AY576381) P131 9471 (98.8) 83.9 (97.1) 83.9

(97.1) 83.9 (97.1) DQL24148 Eq/ Tennessee/ 5/ 86

Ck/ Briti i &/ . M25929
ol i T R R P AN s
(M25933) 18789/ 02) J02178 AY790287 (M25924)

i AY619955) PA 96.3 (97.5) 87.0 (94.3) 84.3 (94.6) 83.8

CaninedissUss " 1124149 MR6082 Ck/ Chi | e/ 4591/ 02 Sw/ Hong Kong/

T MYy BxanEaAISRNESE YeE-SEA( ﬁfei&xliyt%colga]eﬁ@é%&rvice at the
126/ 02 (Viet Nami AY303660( AF508662) M26081 12037/°04)

Univeryipy of Gopridesveiicge 37) V ¢iprigas Medicine (0876 myixgb bired 8geYhat died in

ORI T A e —

a petAYSAGRIS RYH9dY tWit34i8d 46 MEy IR08 (B¥hedhn 8hflQerz8 Soutdreak in a
85.4 (93,5) 84.7 (93.0 DQL24150 Eqg/ Tennesee/ 5/ 86

veterigpyycliniGem sesgeasiilory. )dafisaquezrzﬁzg@/i@i()%mmhb@@ered formalin,

315005 O Y00, 1B 000 ST s

histo186hBogi® dia@hoBel . Unfi 6l tRFussavera stoeadl:? 48BC pending virological analyses.
Eg/ Tennesee/ 5/ 86 Dk/ NJ/ 2000 L06583 L06583 M 97.9
(95.7) 94.1 (94.0) 93.7 (93.5) 91.2 (95.4) DQL24152

RNA Bafrd@Rpaeapeca{ifbsy sMH833/ 80 Sw Saskat chewan/ WSN 33
g/ Kent ucky 18789/ 02 (Hong Kong/ M53529

MEZezzn g 3iiseags from each of the 7 dogs were thawed and homogenized in
minimum essential medium (MEM) supplemented with 0.5% bovine serum albumin (BSA)
and antibiotics (gentamycin and ciprofloxacin) using a disposable tissue grinder (Kendall,
Lifeline Medical Inc., Danbury, CT). Total RNA was extracted using a commercial kit
(RNeasy® Mini Kit, QIAGEN Inc., Valencia, CA) according to manufacturer’s instructions
and eluted in a final volume of 60 pL of buffer. Total RNA was also extracted from lung

tissue collected from dogs without respiratory disease.

Real-time RT-PCR
A single-step quantitative real-time RT-PCR was performed on total RNA extracted

from the canine tissue samples using the QuantiTect® Probe RT-PCR Kit containing ROX as
a passive reference dye (QIAGEN Inc., Valencia, CA). Briefly, 2 primer-probe sets were
used for detection of influenza A sequences in each sample (Table 7). One primer-probe set
was selective for canine hemagglutinin (H3) gene sequences. The other primer-probe set
targeted a highly conserved region of the matrix (M) gene of type A influenza virus. For
each real-time RT-PCR reaction, 5 pL of extracted total RNA were added to a reaction
mixture containing 12.5 pL of 2X QuantiTech® Probe RT-PCR Master Mix, 0.25 pL of
QuantiTech® RT Mix, forward and reverse primers (0.4 uM final concentration for each),
probe (0.1 pM final concentration) and RNase-free water in a final volume of 25 uL. The
TagMan® Ribosomal RNA Control Reagents (Applied Biosystems, Foster Ci;cy, CA) were
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(AF001683) J02177 (AJ278646) NS 97.5 (95.7) 92.0
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[ Not |icable: N8 ) )
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i ﬁlgg:y praiaalsu %&%ﬁﬁ?@i lf:?%?i da}%43%04n(lH3r&|ss) e
transcgiplom 8GR At SBTQ T Wominsgaseen nittehdengaration 2893t 9¥e@Afe 15 minutes

002 2003 . of..dogs test 8 6
o scffB8 OIAREREOMR00 000, N oRLilRR SR B
amplifibatloaodyyclel 1i@EISBed 1dertiBRation? 4at280°@248r 31T NGHBA Rfllowed by
serum sanpl e collection fromracing greyhounds I n

anneafing/exigasiomatM@Cdine Ltmiabte z The FAM $saigsiam Wabeidiygthisg emﬁg and VIC
r the

(emisgsilgrzl( v&%%%]%ggtzllrééé\é@p? ?]géfeaci{fn lSllé%%lg R%etrg _?ec,r&g{]q e@f e cad rpé rfagh cycle.
The thireshl i@ tivas islaifiaéddy §ég§l%%12 hikediREd ﬂam%c%}ﬁgf&fp 2t 1000 in

at. 4 Florida tracks in Ju% )04. Response Tra
each mdiyiquagexpesiment TrhedMxBO00RUMFesion R. (suftvare pregtamnABtrdBgene, La

oy AL D A0 oSBT o
influeazaNAntiars wherCthertheshdlyl cgtis gasLhr dRISBI3t QSEstRYwAd 3 units smaller

Si Al.canine/ Fl orida/ 43/ 04 (H3N8). 10 b Percentage
than ‘gF (g‘gf% Iyng fHssugs epry doge vathert respiptorsbdisgasei t Ehe positive control

consish&t YrRabIACHESh SNENAYALES BOR A/RBIME/FL/242/03 (H3NS) virus.

Virus isolation in MDCK cells
Frozen lung tissues from each of the 7 dogs were thawed and homogenized in 10

volumes of Dulbecco's Modified Eagle Medium (DMEM) supplemented with 0.5% (BSA)

and antibiotics (gentamycin and ciprofloxacin). Solid debris was removed by centrifugation
and supernatants were inoculated onto Madin-Darby canine kidney (MDCK) cells cultured in
DMEM supplemented with 1 pg/mL TPCK-treated trypsin (Sigma-Aldrich Corp., St. Louis,
MO) and antibiotics (gentamycin and ciprofloxacin). Cells were grown in 25 cm? flasks at
37°C in a humidified atmosphere containing 5% CO,. The cultures were observed daily for
morphologic changes and harvested at 5 days post inoculation. The harvested cultures were
clarified by centrifugation and the supernatants inoculated onto fresh MDCK cells as
described for the initial inoculation; two additional passages were performed for samples that
did not show evidence of influenza virus by hemagglutination or RT-PCR. Hemagglutination
activity in the clarified supernatants was determined using 0.5% turkey red blood cells as
previously described (Burleson, F. et al., 1992; Kendal, P. et al., 1982). RT-PCR was

performed as described below.
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1 agnosi S X80 Pi'SS e We
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and antibiotics (gentamycin and ciprofloxacin) using a
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enci a A,I;{I accor di n to nmanufacturer's instructions

QIAaﬁ’rPg Vgl RYA; Min Kit r{QIIA Eﬁ\h}ﬁ@ ,oYaI@@Ia,l@_Abﬂccmdlfl@ tQ manufacturer’s

msuuz& Iﬁe cﬁgﬁ, wmia g"g&g %\%/(\n‘}e 7 ebse glqzr’la ory éc} éggesgA(%N@ OneStep

RT-PRRaKrtt(QﬂU&G{EN RGR \AalgmdﬁaglceA)s hRPrdiban hfaﬁﬁﬂa&tgrdrf%aihstﬁltldri:iﬁns PCR
RT- PCR was rforne n taot RNA. extracte romthe
axnp iR G SOing et e Frig hasen tiiar #97ro b DF DDA pas performed
f
as prﬂd@%&ﬁbé&%\}gﬁlé’s}ngga ?@2&? lﬁﬁﬁ%\f\ger%a? Igr%ltrleef %%1%1mer sets
(prlmslesglwe@ 2milakledor crr:q@eit)ecﬂ“h@rremﬂtlmgwﬂ)MAanHp]kons were used as

e 5L 5S35 RIS TR P B 508 suencer

us1ngs®ql¢e§6qa§nmﬁ@ Qy®t&1efindbi Blﬁfmlﬁtﬁ*@ l?ﬁpﬁl@éd Bﬁ(ﬁ‘&&@ltnngéster Clty, CA).
conserved regl on of rix (M type

NucloRiii FLQERES Vst st o Bagannes Tach (DNASTAR Inc,
Mad1§o%ac\7\/'l)on TRe @H?LI]EE)Q’ 85k e§j 5& 2%&@\'%%\6\%%% avffja%egsed t§ estimate

m xture Con al ni ng
phylo@:mm aﬂ&cdii(:ml}itepdsadnﬂraBTva‘HQR fM‘tﬁttﬁé nitotide 2fughcedf(FélBenstein, J.,

T RT M f d and reverse prinmers (0.4
1989)&%)&@6%%@% &)@Fﬁ Were gqfnp%i!;c\llva g);&l}g}se generated by gelghbopjmgung analysis

with the Tamura-Nei model implemented in the MEGA® program (Kumar, S. et al., 2004)
and confirmed by the PAUP® 4.0 Beta program (Sinauer Associates, Inc., Sunderland, MA).

‘.., . L .u:é—

Hemagglutination inhibition (HI) assay

Serum samples were incubated with receptor destroying enzyme (RDE, DENKA
SEIKEN Co., Ltd., Tokyo, Japan) (1 part serum: 3 parts RDE) for 16 hours at 37°C prior to
heat inactivation for 30 minutes at 56°C. Influenza A/Canine/Jacksonville/05 (H3N8) virus
was grown in MDCK cells for 72 hrs at 37°C in 5% CO,. Virus culture supernatants were
harvested, clarified by centrifugation, and stored at -80°C. All other viruses used in the HI
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e it aied o 16 ey 2Rl RO e s
definefdgis tiniest dilption ofi sahinribdtexmetesdly inhdliteddenfagplulinationit e.
The FAM (em ssion wavel ength 518 nm and VIC
(em ssi on wavel ength 554 nm) fluorescent signals were
Emmpggmmcgmecgggsof each cycle. 10 The threshold
cle (CG) was determ ned by setting the threshold
moﬁ:Ri c@lifbM@dlﬁ)OOéx a1 pe@iously é@chbepdwanavcfusd P.C. et al, 2005)

o S0 OO AL B P et i

The oﬁﬂbfﬁakSm\thHd ANchseFRiySi rénglﬁg’ifmzig%&"rdﬁﬁBQn@rﬁﬂﬁo@%&% and included
paosjtive for influenza A virus when the thres

pure @Qéiiogs peowsll pppixedebregiso rThmaesh eommen 3linivel g genwblegurulent nasal
r

d1sch£rr S%}&r egt@%\.%x fg? Z ééé 22%1 Séf"%léﬂ g& glgal%fladm Fhmg% disease for >7 days,

41 had ¢isinsibedy iferainp barfmeiELJO@r(}BNSRh%ngexxg fiead e%I t6 >Q0R4. At least 10
Al cani FL/ 242/ 03 virus. Virus isolation i

dogs RASEfests |‘1/ CsPREUGLE | V&hlf:%sﬁs%%? ytbfeedcn TBese %@lzefa@g@d dogs

include@ RemhldawRd 38@3%&@ % ﬁ?%%é ﬁoﬂ104 rﬁb‘ﬁlt BSs3 %ars The éiuratlon of
Dul becco's Modified di um ( sup

clinicglj $ign90 raged BEAn 220 éﬂddayrst atbihet time ()@eutlmrrg&ra n @ndpostmortem

debri s .was
exanni e T T e e e R BE SO E S FaA T oBlalpeigalsegination of
the re&@fﬂtdﬂ‘yﬁ@id@yreﬁ@fféd?ﬁnﬁﬂh@ nﬁ‘é{clkm}orféﬁitﬂss bEdAchidliBs 4l suppurative
DVEM suppl enented with 1 g/ nl TPCK-treat ed trypS| n
bronclgq:gn@gmolggd rihere vigp gpithedial celbpparosis m etpsebnaimt thbitrachess bronchi,
broncl(19f‘c5‘tﬁ§ﬁglsb&g&g?an %éa%x&?r ?hd Peﬁﬁl?étg[)yftls dé Were fﬁltrg{gg\‘t\gl neutrolginls and
macroplbageai ni ng 5% CO2. The cultures were obser ved daily

oBLME A0S B grbfeton, d3Rar pudue aiaviias &5 ARerbdogs at a veterinary
clinic ¢ 86uthda8OFRYidS e NiHe| Iflé@ ohHbri erlﬁnéali] Gigny R&dr&! ?gﬁmrﬁ asakl discharge

i nocul ated onto fresh MDCK ¢ descr
and a poughifar 10 tw2Uays. o the o dagsil? venasergmsiiag ds aaﬂme/FL/O4 (H3N8)

- d f app! th d not show evi
s T BB, e SR SRR o v
palredldeﬁﬁgugﬂ dbhvBdst e serd Gy hiaylablb. t[%eQiog§ /bfdg?éésed to gneumoma One

ernatants was determ ned usin turkey r
of thes@| &% adaygaz oldgnale Yorkshire Terrier, dled 3 days after onset of clinical signs. This

dog had tracheobronchitis, pulmonary edema and congestion, and severe bronchopneumonia.
Similar to the 6 shelter dogs, there was epithelial cell necrosis and erosion of the airways and

neutrophilic infiltrates in the tissues.
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30 previously described (Burleson, F. et al., 1992;

Kendal, P. et al., 1982). RT-PCR was perforned as
wdeswrilténse bel ow. WD 2006/ 116082 PCT/ US2006/ 01B09M@S2608/015090

Virus isolation in enbryonated chi cken eggs

Honpgenat es were prepared fPbm frozen lung tissues as

descri bed above for | nocul ation of MDCK cells. The
EXAWMRFAL TI(ME Rﬂi—PC QIATION t he

S A S SRR S P e

that dehrct ItlﬁCﬂtheﬂbeﬂJi\nﬁﬁJBﬂlz‘ihﬁy oef efie haHY esht RY cﬁﬁﬁe H3N8 influenza A
Futlnatlon activit t he

'llé—:,enlt oic flui f
virus.c ' The; lpgyfrempal 7 aogrweraposidue doinbotbcthedh n@a 5%4 gene and the

| bed
caniné Hﬂif%gzseg ﬁg %h@ gﬂaﬁg 8)S f@%ﬁ %r}%\éé ggf Ly ][\_4[9@]? cg Is eim‘lléeé]é? A subtype
H3N&?mrmm@awé rfomn ﬂwdm ofcbeslﬁttelhmi thell divd aff® days of pneumonia.

This {8 e Rie OB el oS O R0 dEiee B G50 adten 2passages in
embrywinated chicked egdieinfRichiaaA shﬁ?ﬁ@t@f‘i@oﬁrus s I?Jco@&%d frcwa e11ungs of

nucl eot j de sequenci ng, phyl ogeneti c anal yses
the pRldagadhaixelsacdied faftem 3VDIBBZS subqamamama or This| &itti9i was named

e e e

instructions. The viral RNA was reverse transcribed to

léSi he Q AGEN rl%SOneSte 15 RT-PCR Kit" (Q AGEN
exaviple Wb SAATNS AN, NN A H3NS

ISQLAqrggr uctions. PCR anplifi cation of the codi ng region
he 8 influenza viral genes in the cDNA was

D §¢q®n¢m danabsesp rafy |cammb/;7a>d@355 caridb 96?161&11\111@@1‘1’/05 Ar ev%ﬁleé' that their
uni ver ene-specific priner set
hemageliid A et o, A atieatcsh s dieceine s evq TR, and

camnelllksiaevamspl gdmass W& BredS E@nfShe 1 e
sequenmlng in the ABl PRI SNG ﬁﬁ%o%gﬁltsdg%/gt %%93%%% fhat died of

preumoin, dydeg iftyenzd aytbespls et ¢racjuseinc20i ai;deztl)(ﬁr (Craatferd, P.C. ef al,

| F
200580 e Lol v oty 08 T s siinegimes and
caninedViRanikisgesre( BUAGEARCal lto @:omtem%ﬁhs @c[hlné/\fn)ﬂueﬂ_ibewﬁfs%-lsglated after

0 r). software programwas used to est
the Yeif%ﬂ%&}g%h ]@gg%Fﬁ’& coRpatisapsef ﬁ@oﬁlétgeaw shaivgd ghaft rttmnanmuax/os and

canindMEAGAS AGn3RAUGOECTIERLP R Ol huined I0E) coninereigs,  and

Phyl ogenetic trees were conp e
camneﬁ[gwg.f%ogreybmtmdngsohalml yisd Soﬁ&&npblhl‘y te?ﬁna_ aB31A®@s “ﬁirmﬁﬁgd 8l distinct
al

d th K S. et .
eroup 508, SRRl by iAo it ACPEE) %9, D(awes r G aminore, the

canme(JSkﬁ@ﬁUGz!mﬁ&ISﬁ&hf?‘@ﬁsand' nine/T ry
| utinati on i nhibit |mgn ﬂ)% 1g§1§%§/ ‘Jg@r l%)rgacbﬁeg/ related to

canmeo&éi/%‘? %h?élutsapréhlerv@mame/ﬂd@@mr carheﬁ:fH‘IdQB nghen2gos m&m&; formed a
subgroggrl\é% @%ﬁ%ﬁoﬁ)ﬁgﬁgﬁ oFfobgTéfhﬁ a?tO%)g r&pgéq:%lr ggt{;rtle viruses with
differences at approximately 10 parsimony-informative sites. These differences support the
hypothesis that canine influenza virus is being transmitted horizontally from dog-to-dog as
opposed to being reintroduced periodically from an outside source. The accumulation of
mutations from 2003 to 2005 illustrates the ongoing process of adaptation that the virus must
undergo after being transmitted to a new host, as is expected to have happened for the canine

influenza viruses.
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heat inactivation for 30 m nutes at 56C. |nfluenza
A/ Cani ne/ Jacksonvill e/ 05 (H3N8) virus was grown in
wORGk/1aaisks for 72 hrs at 37C in 5% CO2. Vir usPCUIUS2006/015090
gy per nateRts - were w grvest ed, clarified by
centrifugation, and stored & -80C. Al other viruses
used in the H WD 2006/ 116082 PCT/ US2006/ 015090 50
EXARSI®Y | VERRISIOWCTT A9A B2%pQ! droritEYOARIRE £07A A H3NS

€g0gs from whi cht al

ISOLAf[#iSed at -80C. The HI assay vvas per f or med as
cri bed pr evi ou Kend et al.
Brelﬁl ﬁ‘fu‘%ﬁ‘ tﬁﬂg ﬁh‘hsf@tlBFs vir a4 6nceme viglgies that

differatthes ﬂl@méﬁ’orﬁ QU AempY Ry BFuiRE 1I§F€1%h29a| \Lﬁfhsgé é’ﬁhﬁg 9% eTHIR icBnserved

96-wel | plastic gl ates” and i ncubat ed at
substifudippe W@F@ﬁ@l\éa N&#S.3W 232 hul3a8T, Al ﬁé&ﬁf \Phlylogenatic @nfdrisons of

N R v ——

v1ruse3(fofm¢‘d1h etbgrdtie wethdheicahinEATX/04 ola@ eFigdfs kl)ge"fhé‘i% W& 3 amino
dilution of serumthat conpletely inhibited

acid %ﬂ%dﬁ&%wdfx%m AT ) 7thet dRPEREREASES STberDRp /ﬁ}@m the other
camng?fi*rglé&}’ ('%g%g 9)2 BiEM QR ¥ %ﬁﬁl%r b&&dch%%e%w{(ﬁ %0218E) that

_ _ respiratory disease o otc i} &
differ¢niiatkolghe E@Qﬁsmdla{t&s feors Iobeetist cﬂalnlrfeaEX/IOAtryotl Funthein@8asthe 2005 isolates

Florid Th th K | t | t 58 do
from %%?W%T ‘?‘Hldag‘ié’% o(ir‘?’sgle%%‘(pg 2 ga%%@amg% |‘ﬁ%?rl9€leémm the
canin@ IR0 e?H&ﬁldQ%M@Hy AR aMiXE §c19 rcﬁ&r%% Rzﬁﬁ( "@’ﬁ{allgoggﬁﬂ{é/l ax/05

clinica ;?\%ns were purul ent nasal discharge an
differedh{igm qapineMiagmifip aﬂawmglamtm@cnds SA6TR. imam oﬁmd H3N8 equine and

Zd 1 had H d
cuin€ LS TR LPoito e i R B9 i s o 7
(Guo ¥1024., 1992)l east 10 dogs progressed to pneurmni a, of

whi ch 6 were euthani zed. These 6 m xed breed dogs
included 3 males and 3 femal es ranging in age from4

EXAMPREN$1 LANG 1

ranged

ISOLA®ESNOrtem exami nati on, t hese dogs had pul m)nary .

i cal. exam nati on

t d tolo of
¢ Ratagely uf ”g{%glrlyﬁg}%a( LGAPEHF Feformen Sbing an anes el of older

and cbﬁt@ﬁ@ﬁfabl' quite OREhEDhI ditdes 20G (RYRRY: ?tlhﬂﬁ nza viruses, and serum
br onchopneunoni a. There was epithe T necrosi’s

collectpddngX088 i fsmm ihorsek @nd rdagh twat hint bﬂ@hlnfectdﬁ withhnhfilewa vams (Table

. respirato Ssu
10). @Jr;?rﬂclﬂngtfeggétgy neu{ZF ﬁ?lfl% CgﬂlaefFﬁéir‘é{%aé%émﬁW%ﬁ}he analyses.
The RDQGtibadyr s riat Gdjlldn@ls%ﬁﬁﬁ ewadt Prake gsIub, gﬁlgr IhefOtested with
et dogs .at a veterinar 25 clinic in southeast
ConteIppRyATYy %H“ll?% SRSt C%léi?ﬁﬁ%% tec plder ésplates, dus dme@sephhw kiehpast 4-fold
I ta Q0 days
vhen (36810 0 030, DM 0 0 4 i
virusesy bt ’fHe autitiotlp dytetsi ﬂmﬁeascah gifbll fwhem tddked Gvithl @8dtemporary equine

conver.si.on occurred in 10 dogs for which paired
isolatc IR 1SR dERE Yap aDiREId v A s o aeidapsiunized

RIASMESHAerd2 ARRY t d y
again old mal e Y%r kshir en?gl?% %eﬁa%gctﬁgty ?ns 8%?%138%3%& e@% ?ntlgemc

smnlagtyi betegen hegeanineThiflwenza viruses and contemporary equine influenza viruses

and were consistent with the phylogenetic analyses. The antibody titers in equine, canine,
and ferret sera to the canine/Miami/05 isolate were similar to those for the 2003 and 2004

canine isolates. However, the titers were 2 to 4-fold lower for the canine/Jax/05 isolate. This



30 dog had tracheobronchitis, pulnmonary edema and
congestion, and severe bronchopneunponia. Simlar to
woheos1elsel t er dogs, there was epithelial cell POBMISZ®6H15090
vowgnd eroston of the” ai rways and neutrophilic
infiltrates in the tissuess3 WD 2006/ 116082
PCT/ US2006/ 015090 51 EXAMPLE 8- REAL- TI ME RT- PCR AND

suggest¥!tihleahiBOATOON dutipenitdlBsdistinct from thbetlier dogse iselates, which may
anal

i yzed by quantitative real-tine - PCR assays .. t hat
in part e redded toide pingleAnige apidioharge PP?B%“RXO%;@? H@% Hiene
of canine H3N8 influenza A virus. The lungs from al
7 dogs were positive for both the influenza A M gene
and the 5 canine influenza H3 gene (Table 8). After 3
passages in MDCK cells, influenza A subtype H3N3
virus was isolated fromthe |Iungs of a shelter dog
that died after 3 days of pneunonia. This virus was
named' A/ cani ne/ Jacksonvill e/ 05 (H3N8) (canine/Jax/05).
After 2 passages in enbryonated chi cken eggs,
i nfl uenza A subtype H3N8 virus was recovered fromthe
lungs of the pet dog that also died after 3 days of
pneunoni a. This virus was naned 10 A/canine/M am//05
(H3NB) (canine/M am /05). EXAVPLE 9- GENETI C ANALYSES
OF THE CANI NE | NFLUENZA A H3N8 | SOLATES Sequence
anal yses of cani ne/ Jax/ 05 and cani ne/ M ani /05 reveal ed
that their 15 hemagglutinin (HA) genes were 98%
identical to the canine/FL/ 04, canine/ TX/ 04, and
cani ne/ Il owa/ 05 isol ates recovered fromthe |ungs of
raci ng greyhounds that died of pneunonia during
i nfl uenza out breaks at tracks in 2004 and 2005
(Crawford, P.C. et al., 2005; Yoon K-Y. et al.
2005). In addition, the HA genes of canine/Jax/05 and
canine/ Mam /05 were 98% i dentical to contenporary
equi ne influenza viruses isolated after 20 the year
2000. Phyl ogenetic conparisons of the HA genes showed
that the cani ne/Jax/05 and canine/M am /05 viruses
were clustered with the cani ne/ FL/ 04, cani ne/ TX/ 04,
and canine/lowa/ 05 greyhound isol ates and
contenporary equine isolates, formng a distinct
group fromthe ol der equine viruses isolated in the
early 1990's (Figure 4). Furthernore, the
cani ne/ Jax/ 05, canine/M am /05, and canine/lowa/ 05
i solates were nore closely related to 25 cani ne/ Tx/ 04
than to either canine/FL/04 or cani ne/FL/03. The 2005
isolates formed a subgroup that appears to branch off
fromthe earlier 2003 and 2004 canine viruses wth
di fferences at approximately 10 parsinony-informative
sites. These differences support the hypothesis that
cani ne influenza virus is being transmtted
hori zontally from dog-to-dog as opposed to being
rei ntroduced periodically froman outside source. The
accumul ati on of
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30 nmutations from 2003 to 2005 illustrates the ongoing
process of adaptation that the virus nust undergo
wahowriiésezng transnmitted to a new host, as i s BEKPASL@®E/015090
0 "have-happened: f-or: whe cani ne influenza viruses. WO
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A H3N8 | SOLATES. There were conserved am no acid
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differentiated them from contenporary equine influenza
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simlarity between the canine influenza viruses and

contenporary equi ne influenza viruses 30 and were
woansi1zémsant with the phyl ogenetic anal yses. TheCT/US2006/015090
gt b ooy st erg - A @gei ne, canine, and ferret sera to

the canine/Mam /05 isolatesyere simlar to those for

the 2003 and 2004 canine isolates. However, the

titers were 2 to 4-fold lower for the canine/ Jax/ 05

isolate. This WO 2006/116082 PCT/ US2006/ 015090 ,lu.n
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di M (Ct) Isolation
isease (Ct)
A/canine/FL/242/03 positive control 28.15 27.36
1079 Shelter (NE FL) 2 days 29.81 28.84 none
MDCK
1078 Shelter (NE FL) 3 days 30.37 29.71 ’
3" passage
318 Shelter (NE FL) 9 days 33.89 32.97 none
320 Shelter (NE FL) 10 days 39.44 37.09 none
319 Shelter (NE FL) 6 days 33.87 32.23 none
1080 Shelter (NE FL) 6 days 38.87 38.23 none
Veterinary clinic Egg
374 3 days 24.05 22.65

(SEFL) ’ 2" passage
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Table 9. Amino acid comparison of the mature HA for canine influenza viruses and contemporary equine influ

A/canine/Jacksonville/05

Alequine/KY/5/02
Al/equine/MA/213/03
Alequine/OH/1/03
A/canine/F1/242/03
A/canine/FL/43/04
A/canine/TX/1/04
A/canine/Iowa/05
A/canine/Miami/05
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and veterinary clinic in Florida. Real-tinme RT-PCR
Duration of Dog ID Location clinical HA Virus disease

woReGII6c08et ) | sol ati on A/ cani ne/ FL/ 242/ 03 posPCTAS2006/015090
" gontr ob w28t 27861079 Shelter (NE FL) 2 days 29.81

28. 84 none NMDCK 1078 Shelser (NE FL) 3 days 30. 37
29.71 3 a passage 318 Shelter (NE FL) 9, days 33.89
32.97 none 320 Shelter (NE FL) 10 days 39.44 37.09
none 319 Shelter (NE FL) 6 days 33.87 32.23 none

1080 Shelter (NE FL) 6 days 38.87 38.23 none

Vet er i nar yl'ablle b0.c ARGloody3itdrs (n $qiBne aysin@ 4n@Fe2d. 65 2
napassageerufifofdlddand QOREMD6RBLeJOG iWBAa0a MALEAO0 56
9 00 z HHHH H Hand cdaineinMioMzWvirddsl [~ HHH F z z 2
z vNaaaaaa Nt WWWy z ULc/T D UL uD
UDUL DO ov, zcr @oSerum antibody titers’

Antigens Equine | Canine Ferret”
equine/Miami/63 40 <10 16
equine/Ky/86 40 40 32
equine/KY/92 40 <10 32
equine/NY/99 320 40 128
equine/KY/05/02 320 160 256
equine/MA/213/03 640 160 512
equine/OH/01/03 640 160 512
canine/FL/03 , 160 160 512
canine/FL/04 160 80 512
canine/Tx/04 160 160 512
canine/Miami/05 160 80 256
canine/Jax/05 40 40 128

? Antibody titers were determined in a hemagglutination inhibition assay
performed with serial dilutions of equine, canine, or ferret serum and the
viruses listed in the antigen column.

®Serum from ferrets immunized with canine/FL/04 virus.
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v equi-nes wioar ned-sand-fierret  serumto ol der and

contenporary equi ne influengg@ viruses and cani ne

i nfluenza viruses. 5 Serum antibody titers" Antigens

Equima TERN r m >4 12-
eqwl\gg Ky/éggidg@]%ﬁ%gM}% equi ne %g%% A%P%%@ 15
equi ne/ NY/ 99 320 40 128 equi ne/ KY/ 05/ 02 320 160 256
Canir& 9y ne/ MA1213/ 031 640 160 512 15 equi ne/OH 01/ 03 640
—aﬂfg%ﬂ%‘ifé—%%%ﬂﬁ%%ﬁ@ros 160 160 512 cani ne/ FL/ 04 160 80
STRe AR MOLUMMONad GRed®l BF2nodPatiNbf %M@@dr@é cAfifle kidney
80 256 _canjne/Jax/05 40 40 128 25 a Antibody titers

(MD G} epiitekia callnwithiarsteskind delepning Fd8/04 {HBNG) biprésontizgsagage 3 of
e oG RGN Bl LR 2, 894" R A o s
in DutheteaimMinimal Essential Media (DMEM) supplemented with 1 pg/mL TPCK-treated
trypsin (Sigma-Aldrich Corp., St. Louis, MO) and antibiotics (gentamycin and ciprofloxacin)
were grown in 250 cm? flasks at 37°C in a humidified atmosphere containing 5% CO,. The
cultures were observed daily for morphologic changes and harvested at 5 days post
inoculation. Thé harvested cultures were clarified by centrifugation and the supernatants
were stored at -80°C pending inoculation of dogs. An aliquot of supernatant was used for

determination of virus titer by the Reed and Muench method. The titer was 10’ median tissue

culture infectious doses (TCIDsg) of A/canine/Florida/43/04 (canine/FL/04) per mL.

Experimental inoculation.

Eight 4-month old colony bred mongrel dogs (Marshall BioResdurces, North Rose,
NY) (4 males and 4 females) were used for the experimental inoculation study approved by
the University of Florida Institutional Animal Care and Use Committee. The dogs’ body
weights ranged from 13 to 17 kg. The dogs were healthy based on physical examinations,
baseline blood tests, and recording of body temperatures for 2 weeks prior to inoculation. All
dogs were. free from prior exposure to canine influenza virus based on serology tests
performed on paired serum samples collected at the time of arrival into the facility and 2
weeks later. The dogs were anesthetized by intravenous injection of propofol (Diprivan®,
Zeneca Pharmaceuticals, 0.4 mg/kg body weight to effect) for intubation with endotracheal
tubes. Six dogs (3 males and 3 females) were each inoculated with 107 TCIDsy of
canine/FL/04 virus in 5 mL of sterile saline administered into the distal trachea through a
small diameter rubber catheter inserted into the endotracheal tube. Two dogs (1 male and 1
female) were sham-inoculated with an equal volume of sterile saline. The sham-inoculated
control dogs were housed in a different room from the virus-inoculated dogs and cared for by
different personnel. Physical examinations and rectal temperature recordings were performed

twice daily for 6 days post inoculation (p.i.).
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e nEant e - At yerza Wit ts i nocul um The virus inocul um

was prepared by inocul ati ors9of Madi n- Dar by cani ne

kidney 5 (MDCK) epithelial cells with a stock of

PharyAtaPMNeEEL sl QdebAiRN8) representing passage 3 of
the orirglinal 1solate previously described (Crawford et _
allo, m@ORE Yor Tires sheddingavwghipaicat spdcimensnwengl dodlected gwice daily

M i mal sent i Medi a supplenmented with 1 .
from G305 0wy Do GcP - PRSP TS SRR AT BPC R Cis, [higpational nc,
Pittsbt@H] EA%. Mbe sWsbsandre plRtd 651 (Ie6f il phadphiate-buffered saline (PBS)
ciprofloxacin) were grown in 250 cn? flasks at 37C in
contaigingu RiSg bpwige senpsphapia EdvaiRrcky swohsorste cplectgdirom each dog
. t e ' r '
iy Sl 4589, UEEsOSEYE VRhd b T ARG RRORS cnspor
mediatar seagifagatioml. t An eBque o€ swhiaextidce tvab yestaintmmddigalyi foninfluenza A
. and the supernatants were stored at . -80C pending .
vitus TEEOMEITbRoBE HEgRTeHEoHT BT AL pERAER Kig(D: Frankdin
LakesUREPadcBfdindR BE M antiRReraf inMtidind. | TR rdihiding ekeRd vaB diored at
Miuench netthod. The titer was 107 nedi an tissle
-80°Coehding ethienfizclogisakasdayses ( TCl D50) of
Al cani ne/ Fl ori da/ 43/ 04 (cani ne/ FL/ 04) per niL. 15
Experi mental inoculation. Eight 4-nonth old col ony
Postndortesh dxapaisilonslogs (Marshal | Bi oResources, North Rose,
(4 males and 4 femal es) were used for the
efvedeyreht Bi.» i ansc shamieneultadd fogpprbvang ifus-inesulated dog were

o 15570 B AR LR B (A0S Rt i
Scherihg-Rlough/ Akignal Healtd @ysp wadge Viaakihbyuldtad edg oas pinyikirlyaduthanatized

xam nat.i ons, baseljine blood tests,.and recordi of )
cach FRYoTb ST tiar BBt 61 SSibdks BFIGMAENS AFERIIRHEied and virus-

inocu%%'rt]éfd d refiBmafif e COAPIR hRmEFRAIUERidaBor@WeREperformed by

| uenza virus based on serology tests perfornmed on .
one qfathe guvestigatnrss@WpICes Tishleecved fatedt e 10Yomeeusfal dwitfiexed| formalin,

i, nt.a the facili and.2 weeks,later., The,do re .
embed R B GH T UGG SN B Btk SPORGPYEn End cosin fo
histofaBloRSdiey allfgnosis2or 4R0@EdPRaT BmRHbhiSBLemiOu# 4¥0MdKe@ribed below.

body wei ght to effe.ct()qsfor i ntubation with .
Unfixgd deng Bessenmery sifueitteditx theoBingpestivelliicaliigobielogy @gyasitology/

s S5 ORAILFE, 4 AP E TP\ g ABHEN Y bt
isolatibinsardl identifidaciant MTleugimmes soR! dultiraired @onselduniee media as well as
mediy FIFFQNG Ao TRreyS URAASaN%, RABELIIEPEHH J§ D coplasma
speci@sqﬁ@éme“ﬁ? | AR RfreS Wikt hE1aS A ﬁeday-gr}?ef&% %béfﬁﬂg lﬂoaél%qrth. Unfixed

tissues were also stored at -80°C pending virological analyses.

Immunohistochemistry.

Deparaffinized and rehydrated 5-um trachea and lung tissue sections were mounted
on Bond-Rite™ slides (Richard-Allan Scientific, Kalamazoo, MI) and subsequently treated
with proteinase K (DAKOCytomation Inc., Carpenteria, CA) followed by peroxidase
blocking reagent (DAKO® EnVision™ Peroxidase Kit, DAKO Corp., Carpenteria, CA ).

The sections were incubated with a 1:500 dilution of monoclonal antibody to influenza A H3
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the virus-inocul ated dogs and cared for by different
woeosanénsk. Physi cal exam nations and rectal PCT/US2006/015090
g @rper gt e o r ecordi-ngs were perforned twice daily for
6 days post inoculation (p.60.). WD 2006/ 116082
PCT/ US2006/ 015090 Ili.. IL,mIS IL-C .n,. 11-5 Odd[ ,
(Chemlcd}fslntemd-t}oﬂa! 16! Tefrlecdhl @A) 89 2 khad Xﬂﬁfd%'l téﬂﬁerﬁtﬁ&t aLontrols

l'ection. To monitor for virus shed

ng,
ncluded @rmhatwgeﬁthemumsmﬂen@gﬁd kXt €4 ntgl\mbe Sekeidcy Inc. Raleigh,

NO), afg\r,\ggmcu ﬁ? f’e)@ A n%% 0?1? Oaél lﬁﬂfyegﬂgtnf)%ﬁé}l 1%8 lldnegsstegﬁons Following
treatmehd t\slﬂurmb pEfary Tﬁmb&dﬁbShéWeeu@isa&%ﬂe i mclibated Obith secondaty
sterile phosphate buffered saline (PBS) 5 containing
immuiEpsIRNidAsE ad erQidase substratq ppaaynts KRake® Eniapien{ ﬂ’éromdase Kit,
Do EQ FEAEAILE DUEEIMARR S LA SRSl v
with Heneabesqyding trearte@l watlb(ﬁlaré“ret #QfamgaBludlrg Reéageat (Rishtrdedllandtientific,

extracgt wa diately for. infl a A i
Kelanied,apPot SHW i hg e COFUEY | GBI cBlimPeaunt (BroSciTech
Queeﬂsgﬁyn&mﬁg) Ki t (BD Franklin Lakes, NJ) according to

the manufacturer's instructions. The remaining extract

was stored at 10 -80C pending other virol ogical
RNA & VS, Posst rtae .exam nations. On day 1 p.i., one

: Toy—ard one Vi rus-inocul ated dog were
euﬁlﬁgﬁﬁlﬁi tradhdaldtyssiel e @AEHISod WefeUhatbd ﬁn@ﬁomogemzed 1n mlnlmum

Beut hanasi a-D(r) solution (1 ni/5 kg body wei %
essentigd H@ﬁdlﬁ)@_ supplemented vty ()G%,{opyowy@] gerum  albumin (BSA) and

u rLy.
ant1b1<¥}gc;§ eh ays gd aBg)ﬂéﬂécnﬂ %113 b d1§56%£'l§19 aﬁégﬁ? S ?rﬁfép (Kendall
Lifelim?hMHdlicmlduul maﬁtimanﬁT)/I Totak RNW)WH& asttﬂﬁtedd'g)mdﬁeetlssue homogenates
ut hanati ze et e post nortem exam na
as well g5 PERIE SRR A SFiRg S coPUMPIELRE (R GeuadMini Kit,
QIAGHY Fucf, 'Vﬁéh(ﬁa[‘ @,g)o/ adeHifR o RihiBESH:TsQhRIckBns aﬁ@%ﬁé‘dﬁﬁ a final
in paraff m sections were either stained wt
volunhexféﬂcpliycbfhmfﬁnd eosin for 20 histopathol ogi ¢ di agnosi s

or processed for inmmunohi stochem stry as descri bed

bel ow. Unfixed lung tissues were submtted to the
Real-tth@gmos¢rc Cinical M crobiol ogy/ Parasitol ogy/

Serology Service at the University of Florida College
ofA sieglerstepauaniiative mbtlmmwﬁl?ewaamerfomda@n the taiadl RNA using

i d I foi a cul tured
the QT KB KRR AT Bl RO G s il Mtrgnge, pve (QuacmN
Inc., Balemted, eC AR afi &C}bmﬁel(—lﬁ@B@@etLtﬁhﬂ@tar b hidlen @¥aserted) re@ﬂﬁ’l of the
matrml\%\?lo pl asma 25 species (Renel) cultures were he

) aqledﬁyﬁﬂ%%ﬂ%ﬂl@n%ﬁw& GPﬁgurrg@ogy v ﬁl Wx%wungpom S.etal,
2006b§1 ?*‘F)P ggchvﬁ% -tlrﬁgxf ?{: gct%'il 3 E&C %%R tg’ﬂa{ ﬁﬁ\lodég added to a

nirun e st 7 araflnlze
reactu'SrﬁﬂY)gﬁl%tc@ﬁtaﬁan 12.3GH186F BODubMiTechP PR REPUIRONSsRMEX, 0.25 uL
nmount e
of QuantiTech™ RT Mix, forward and reverse primers (0.4 pM final concentration for each),

probe (0.1 pM final concentration) and RNase-free water in a final volume of 25 pL. The
TagMan® GAPDH Control Reagents (Applied Biosystems, Foster City, CA) were used
according to manufacturer’s instructions for detection of GAPDH as an endogenous internal
control for the presence of RNA extracted from the swab and tissue samples and as a

normalization control.



10

15

20

25

30

30 on Bond-RiteTM slides (Richard-Allan Scientific,
Kal amazoo, M) and subsequently treated with
wonaicaiiengse K ( DAKOCyt onmation Inc., Carpenteri BCTDA2006/015090
v ef ol B¥veck by peroxi dase bl ocki ng reagent (DAKQ(r)
En\/ si onTM Per oxi dase Kit, BAKO Corp., Carpenteria, CA
The sections were incubated with a 1:500 dilution

L AT (TR

Mx3@00P® \QRCR ISydtem (§tﬂatage|nq, 19 Jollg, (hA) aCycﬁﬂlg c(oﬁhmmns (mcluded a reverse
Internatio Temecul a 2 hours at roo

|
transgrggR IR A A0° AR S iminir g il o8 4%%1%%%@ 4576 fon ke minutes
to ac‘gg?’cg: %ESHWN%}TgﬁﬁﬁTI}%g 1GhePRE, tﬁﬁ'ﬁ)ﬂh@&l n %t 40 cycles. Each

tion’o nonocl onal
amplrfmatildn'o dyycld t mchaledaldexamiatien | wingI4°€ct fopnd5 ketdndwi If@lowed by

eatnent with the primry antibody, the sections
anneqlwe(%ﬁpé@nm Py Gsop & e, S hedif\Ydpaissien ayeleasth 518 mn) and VIC

o YIRS A KT, B o
The thmshdldcyale €Cf) Svas dsternitid Gp Settinf hestrkhasld ﬂqueence (dR) at 1000 in

counterstained wth hematoxylin, treated wt
each gdiyiflygl xpgriment B%Wéo%%g@ﬂﬁwm € Reitwatsy praaram (Stratagene, La

Jolla S@A?mzdsflhs%d foKﬁhﬁ"&%ﬁﬁﬁm’M‘ dnd S o g%ci g{:ﬁﬁle control consisted of

coverslips a Per nount
amplifigetdors bARNA Axﬂswt%d frajn. ALQniRAAT£342/(5c (HINS)f vious. s\hab sesults were

o 5 SR ch AP Ro SLTB A B e o cct

samplgdi um (MEM suppl enented with O. 5% bOVI ne serum
al bumn (BSA) and antibiotics (gentanycin and
ci profloxacin) using a disposable tissue grinder

Viru(g_ng&, ' \ﬁé’l‘gUlSélIegl i ne Medical Inc., Danbury, CT).
acted fromthe tissue honogenat es
agirogdnl hag anﬁhmohegetﬁsu?n;ﬁrofl\ﬂeo«ﬁ@ls 1ﬁdmlhtﬁ§gEo%§f®eﬂéSth’agved and
a co rC| al, kit asy(r nc.,. . )
homoggpigetingl0 volymss eépgl’fwy%ﬂﬁﬁﬁmeéé’flﬂ)r ‘éﬁgsBSﬁs%nﬁ@élflb@ﬁgs- Solid
debr1§‘%s ebbed b RT{,] c@nth‘ﬁ%lnon \éﬁ U?erﬁcfttalﬁg wer@findWdlh &l glilt_%?I\i/Ir]T)eCK cells

I-time single-step quantitative re
cultuM-lle/IEMsswkeﬁrmnteeidwm]m ltulgémL dP&IK -Rbifed siypgn (Bigema-Aldrich Corp.,

ang i Tect ( Pr obe t co I ni ng ROX: as
St L&i&%& LB By Gor e RGOV oS QPR e D TR caflasks a
37°Can RIHuiBafRE %ﬁﬁoéﬁfh%ret dﬂﬁfiau‘i@é g9} edh,a Tk th tﬁ(re§ 9\?&?@ b¥&Hed daily for
region of the matrix (M gene of t I nfl uenza

morphelpgis c@px@qg mgp dervesied et S alays p@@ mufl apay.u ﬁ"@p dmawesed @tiltures were
RT
Clam%l oPy ' ac%%) tﬁ%ﬁﬁpéﬁ tgijlggﬂll%tg t{’ gta%si" g/ﬂ)aé cells as

descrmed tﬁntrthe mﬁﬁlanmﬂgmhz 0o ad@ﬁor&xp@s@gqls_ lva'éﬁé béﬂfdrxﬁfd@@? samples that
ster anti Tec

did n?foshwarearl AEE ?%W@P@@aaﬂmﬁév élelzlegglumempﬁ@r %él)oBGBn tHemdgghtination
atct1v1ft}p in BRCArified supernatants was determined using 0.5% turkey red blood cells as

previously described (Crawford et al., 2005). RT-PCR was performed as described below.

RT-PCR, nucleotide sequencing, and phylogenetic analyses.

Viral RNA was extracted from MDCK supernatant using the QIAamp® Viral RNA
Mini Kit (QIAGEN Inc., Valencia, CA) according to manufacturer’s instructions. The viral
RNA was reverse transcribed to cDNA using the QIAGEN® OneStep RT-PCR Kit (QIAGEN
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probe (0.1 Mfinal concentration) and RNase-free water
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i ncluded a reverse _transcription step at 50C for 30
automgieq, sesiiencing iimithe ABIGRREIM' 4108 rausaregiedtDNA Gelquences using cycle

Lt [ t r) | ynger.as .
senelfBL6S oSt B AIALPALTANE) BB PALY RS uctote
sequenges| veer pohlydetiuden delratigone 6Padldge? IDNWS TR 0MES Madison, WI).
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replicatjqst ia thexeppiwaterydeacsr mi ned by setting the threshol d
fluorescence (dR) at 1000 in each individual
experinment. The M3000P(r) version 2.0 software

EXAMPDEr 2mdiNienagersEAdm 10 Jolla, CA) was used for
data acquisition and analysis. The fgosi tive control

conk? ¥reninerulatersions flevelapsA adtansiia fexerr(zestad derfipayature >39°C) for
v o 930508, RPN NS yTREa I % S s

over tho61deg pbsetvaigpnGRLH The Mahuotolated @oRs rendiitdeolinidally healthy.

Virus re-isolation fromtissues. Frozen |ung and
trachea tissues fromvirus-inocul ated dogs were thawed

EXAMPHE 1hovggen ggdppingd vol unmes of DMEM suppl enent ed
W th 0.5% BSA and anti biotics. Solid debris was

r Erfygach Hynuckenproitdin gas detectad th thepesphatyapesl swabeollected from one

[ ul at to cells. cultured in
o e (AR BRI, NPUSEE o it bihb e BHhs coleted om on
dog af 32,984 -aNdd1I0C o ., andOandther [dOYi 28,1081 2@ hd 132 hours p.i., were
..antibiotics as described above. Cells were grown in 55
POSltl‘&T%)ff‘{l%Pe?k‘%Y geantitative; rqalgfime R T4PERe(ablerdd phdihe absolute number of

: 0 -89 . cyl tures were .gbserved i Ly .

e EANEEL e R, oI M RSO SuPRE XA Bl i o

virus waodaidcatd inrthe fdoenl banbsest ed cul tures were clarified by
centrifugation and the supernatants inocul ated onto

fresh NDCK cells as _described for the initia
EXANIPRE YhapORTMOROERE BixiANGA TRAS§ 20€s were perforned
or sanpl es a | evi dence of influenza
vIr gentist Henthyg previovat experiorentl -iRERt odashgg Ispédifiet jabiibgen-free
Ct Vi in the rified superpatants s_det erm ned
peasi Ll ;e 2B, B R et et B o o

evidenced by gross and histological analyses of the lungs from days 1 to 6 p.i. In addition to

pneumonia, the dogs had rhinitis, tracheitis, bronchitis, and bronchiolitis similar to that
described in naturally infected dogs (Crawford et al., 2005). There was epithelial necrosis
and erosion of the lining of the airways and bronchial glands with neutrophil and macrophage
infiltration of the submucosal tissues (Figure 5, upper panels). Immunohistochemistry

detected viral H3 antigen in the epithelial cells of bronchi, bronchioles, and bronchial glands
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was performed as descri bed bel ow. RT-PCR, nucl eotide
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CA) according to manufacturer's instructions. The
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Q AGEN(r OneStep RT-PCR Kit (Q AGEN WD 2006/ 116082
from the? siyspoosuitesbdems were npgmalyy |t R .ds ;;;;;U R .dt tt"
tc,. Lt;; Ir tt dt ,ts ¢g;.It 62 1Inc., Valencia, CA
accordi ng to manuf act urer's instructions. PCR
EXAMPDE i1 5-+-VaR USRI L BRI TODNO N ﬂ“ﬁﬁr@@EArAND LUNEGS8 i nfl uenza

vir al nes.in the cDNA.wa rnmed a revi ous .
d68¢ frehea apglung grege Bpsitiye 1 ye for gtﬂ’}% y qﬂ@rtﬁﬁl\%rrr%trfgsﬁ-PCR in all
dogs ﬁ&ﬁq PREEsiCi., PTABYBN 25 €T Re ﬁ%lﬁhumﬁ%ﬁﬂ@éuz@%'g’eﬁ@bcﬁnes per
on request’). The resul'ti ng DNA anplicons were used as
pL oftteachéahevofantesingrenswnfren kéydednys wg..ithen Hecrggsed on day 6. The

absohg%atggw&%)qféi?gg%ea %chén(lfer%a éegﬂgD'}'AW@ uec}r]%c?]elrt %rlfrggs(?ﬁ)fgon? 1 to 6 days p.i.

In gerBtASHhE tiQBRea doRsdiRdd Lohy logrhordNdedseBhnm &e lusgaueacess the 6 days
were anal yzed using the Lasergene 6 Package(r)

pi (DNASTAR Inc., Madison, W). The nucleotide
sequences for viruses recovered frominfected dogs
were conpared to the sequences of the vrrus in the

o nlni- oarm N anve prhanas~co

i ||uuun tHhA L o—aeterne—i I arTy bllallUCD ||au ocecutr+ r:u
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dogs B¢ Pfs érrthacaprlgﬁg e TSR 4%

BQOFW for the first 2 Hnue - |_’ by nrone—exhi-bited
respiratory S|gns suchj as cough or nasal discharge 15
over the gy grvation period. The shaminocul ated
e IrDema Foal MGt D Hyratio EXA#trx gepe\ieapis / ul)

SHEDDI NG an enz A nlucl eoprotein was detected in the
oropharyngeal sW¥ab col | ectedlfoom ong¢ of tH&7E+H02
virus-inorul ated dogs at 24 hours p.i. The

or ofgpar yngeal sygbs colTectegzfrom one 20 @ograbhn 72,
84, and 1p0 hours p.i.} and another dog at 108 120,

and 132 hptrs wete positive fo virus
guantitatjve rea2l “tine|RT- PC&Q%TabI e 11) Th 4y7Ebso| ute

nunber of il yenza N aqa copi-es

extract i ncreas]é) Wi th t| me WZm 3 Ituo 6 days lﬁ%%\b
virus was|detected in the rectal swabs. 25 EXAMPIE
14-$3STMORTEM E28M NATE ONS | h4dontrast to t H875H&¥i ous
experinmental infection|using specifi¢ pathogen-free
Beagles (Crawfard et al., 2008y, the|virus-i3nei@EHoat ed
mongr el ngs had pneunpni a as evi denced by gross and
nia g hﬁé At %gﬁ | 353 Swaby wirB €oll dHREISH & e EBEFoldowRgEnoculation
P- yith AcAHEVET 4804 QHINS) virus.

bNormahza‘uon ratios were calculated by dividing the M (Ct) by the GAPDH (Ct)

for each swab extract.

° The absolute number of matrix gene copies per uL of swab extract.
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[rom1 tp 5 days p.i., then decreased on day 6. The
abs®Ut e| nunB2r of M géne| capizes |peBIE+®f |1 UNG.56E+05
honogenat e decreased from 1l to 6(days p.i.| In
gengral , | theggrachea; ggnt gi megy > [OfggkPgH 9 10 L HES
I han t he Iung on g¢ach of the 6 ddyg?%%g@tp. . ?g‘éﬁéb?fl.
t rofTof sy rug—shegding the—oropharyrx—af
rmngérdel dogs Y)I nogul %\?g W tlhdzlcar %gSEﬁQ% LenzéjquF'Ql@
rayant-tative real -1 RT- PCR Doa. 1 DITh ursa'

y T TV

M GAPDH | at 1198 Madr i L78ene (edpi es+78Et92 |72 1.506+03
1a';_7|:+09 _860 84 30 8. 26E+02 120 1.23 1.47E+03 108
1. Timeithat7issogs @4 coliertad #dm theddesdallowiag idocatidn Wif-02
aAT¢amalet‘HIdﬁ3/64©H&H8)/vﬁglml swabs were collected from

t Riotngization taniok mgre edaiiited bpdividihg heAVIGEDihEL MBI 4CH)
( FiZN8oh MéshelBombgddakdral i zation rati os were cal cul ated

by TEd afdsdlu&gnﬁxﬁ@eerGrﬁﬁx Féhetclaﬁﬁa%gr é)glgsue ﬂgﬁnt dnafach

swab extract. 'The absolute matr i
copi es per uL of swab extract. 20 WD 2006/ 116082
PCT/ Ug200:31A1 504D EXAMPLES METHODS FOR EXAMPLE 16

Virus strains

Canine influenza virus strains as well as those of avian, equine and human origin
(listed in Table 15) were propagated in embryonated eggs or MDCK cells and their
infectivity was titrated by endpoint dilution in chicken embryos, or plaque assay. Rapid virus
quantification was performed by hemagglutination assay using turkey red blood cell

erythrocytes.

Diagnostic specimens

A Total of 60 canine’s lung tissues collected from suspect cases of viral respiratory disease

during the year of 2005 were tested for the presence of canine influenza virus.
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64 Table 12. Detection of virus replication in the
wonrewhaesand | ung of nongrel dogs inocul at ed RCTS2006/015090
rnegni et uenzaviras by quantitative real-tine

RT- PCR. M GAPDH rati ob Mat misx gene (copies / uL)c Dog

ID Time p.i. Lung Trachea Lung Trachea (hours)' 797

RNA e%éraéuo%pfrémﬂcén&e%@ﬁe%nﬁlel1E+04 801 48 1.33 0.99
44 1.12 2, 39E+04 1, 56E+05

8B@cbs6 of lug Ilss_m we@mhetwea@@ﬁoald §60mg2@ere, Bunagepiped in a

disposgblé?lIE;‘tl,li‘:'s‘glfi)%3 fg(];{n zlg%dsaﬁv\: ozflaél %}\170 e E%(tflic ?EUS%% ]a Rmhtial kit

From
(RNeak$ M@i’\'K'Itg Soéfgéﬁ ul/aleh€in, @AY Bod é!’u@e%ﬂhl’tﬁﬁfdrl/ VoRiRd of 5‘@ IN8) following
Vi rus. rial i zation ratios were cal cul at ed by
the maamufacmrﬁrrgs tehemmepdationsy t he GAPDH (Ct) 5 for each
ti ssue honogenate. ' The absol ute nunber of nmatrix gene
copi es per uL of tissue honogenate. MATERI ALS AND
Primefs%ABEIESs NESTHODS FOR EXAMPLE 16 10 Virus strains
Cani ne influenza virus strains_as well as those of
abiuliple sqquppre adiggmsnived tsy flgppd M gense &g yarieys subtypgs and from

diverstg‘ﬁ%&legr&’ ?g)ctf&qnéd"u flﬁé%ﬂ%@ﬁéﬁ%%@%pm v rs‘é&} Il% aﬂ/fiatrlx M)

Ivity was titrate
primeﬁsmndrprok@wemrknigmai from the aguseresiswgionRaybiavew tlreulsnown sequences

corresg%qanﬂrbgl fd %ﬁfg e%ﬁ%m%ggfgrgﬁﬁgnzgy hvﬁ{}r{sag gg%;:lfig?ﬁe 3 gemagglutmm

gene-s?eﬁﬂ@ Pefnheds §ﬂ& ket AvelOtabeted 1 Gpeedtial§ matbh BEuine and canine
i ssués col | ed from suspect cases of Vviral

influenzassyivitas @ﬁyewﬁrﬁemwat@uﬂm hgmobegoye aviapfand homanegeaes (Table 13).

Prlmev%s ted for 1 @J&@? S%g{%@; di %%ngle bas%cgmgalgf/sllﬁr Jé)%‘lﬂs pzrgwded by

EXIQON' dlttp.//lﬁaﬂoblslcbﬁlﬂ wad tiyéd- for. Trht ca,lculatlonl i predict®Hd of secondary

structure as well as self hybridization. A conserved region of an 18S rRNA gene was used as

endogenous internal control for the presence of RNA extracted from canine tissue sample.
The Pre-Developed TagMan® Assay Reagents for Eukaryotic 18S rRNA (VIC/TAMRA)
(Applied Biosystems) was used for the real-time detection of 18S rRNA in tissue samples.

Real-time RT-PCR condition

A single-step real-time RT-PCR was performed by using the Quantitect Probe RT-
PCR Kit containing ROX as a passive reference dye (Qiagen, Valencia, CA). In each real-
time RT-PCR reaction, 5 pL. of RNA sample were used as a template to combine with a
reaction mixture containing 10 pL of 2X QuantiTech Probe RT-PCR Master Mix, 0.2 pL of
QuantiTech RT Mix, primers (0.4 uM final conc. for H3 gene or 0.6 pM final conc. for M
gene), probe (0.1 uM final conc. for H3 gene or 0.2 uM final conc. for M gene) and RNase-
free water in a final volume of 20 pL. One-step real-time RT-PCR was performed in the
Mx3005P Real-Time QPCR System (Stratagene). Cycling conditions included a reverse
transcription step at 50°C for 30 minutes. After an initial denaturation step at 95°C for 15
minutes in order to activate the HotStarTag DNA polymerase, amplification was performed

during 40 cycles including denaturation (94°C for 15 seconds) and annealing/extension (60°C
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RNA extraction from cani ne tissue sanples Bl ocks of
lung tissue wei ghing between 20 and 30 ng were
waanwgaeiszed in a di sposable tissue grinder (EKenaakgos/015090
kot al RNA"was ~ext vaeted using a comrercial kit
(RNeasy M ni Kit, Q agen, Vggencia, CA) and eluted in
a final volune of 60 L, following 5 the
for 3@5‘@&!:'6 b gierF VM EmNYT
e o CASTRR AL o ¥ AR5 eH3 a1 ARy and VIC
(emlsg@ne\ga\feiﬁmmlv a3 ous fauliSy ;ieNAadBiiedtlon)Tﬂudnevmns mg&@le C@8 obtained

t AL X
once Y8R ¥ G ai e Beheiimtiee: e o BHESH SRy i pe real-ime
PCR hesaynvefecpeefonned ity EMQB@S‘P‘fsoﬁ\&@fe xtéi*ﬁoxkiz @Wsﬁ&‘tggl%@? es
corresponding to dlfferent subtypes of influenza A
virus, whereas the H3 hemagglutinin gene-specific

SpeciBEflt% %‘ff%{?gﬁn{é&é? g&ogg.tset\’\‘?oﬁ*.ec%ﬁ;%leeicﬁglgegg;taog-tﬂﬂgii Pé*lf igcgarllig %géality of M

1xhnmm®mmeehfbmWDhannﬂagﬁu&neyian and human genes (Tabl e
1ﬁé Primer _desig sof ware (OLIGOS Version 9.1) and
t ﬁ%\‘llb3

ofish ttesele s %1?5350 %?@h@ﬂﬂ?eei/pr@be sgfy RNB\ gstran from several
knowh HubBpéd b #Rehs: %ogﬁu%%véﬂec‘ askd a-[gﬂxﬁg* <l frﬁte'r%l-tir’}ng RT-PCR

prediction of secondary structure
assay{¥'mbledSxati on. A conserved region of an 18S rRNA gene
was used as endogenous internal control for the
presence of RNA extracted from canine tissue sanple.
RNA HagddPd €orRvehmeidn bRIVABAILmASSAY (ReAG e EndL"
Eukaryotic 18S r RNA (VI J TAVRA) (Ap ed Bl osystens)
wade geras af sanipp énfiuesra B WEJSdét’ceumedﬂormda/MGOR&MN&)) were used

o sk SOUTcpR0 I L 5 LSRR GEPILH )l mrs ik
with Therduatet (Xabdé 15). ofherRife ﬁﬂ'ﬁe&l HCR @RfpBitsHsner ﬁ@%n@M enes were
used Egsasm ve refer ence dye ?Q gen, Valencia, CA). In eac

deipplafes for mplipeRansoaiptipR Ay using Reormpbs i dransemeption System-

T7 (P4 t Ct I on

() ook REPIR B GaGBlEP Mool B8, G L entptian of the

transcmhgd BNAYW was @laildtedby n@asuning EbstrbRiceMt 260 Itlfri WEHéSRN@xs%ere then
H3. genegsor 0.6 Mfinal cone. for M

I &%Q% ?Jn for,
seria lé’e Hie d B (ren@nmffqnh a1|0 CIBn]éO cp@ps/ HaL g@r@rﬁxmosezlsmvlty tests.
MoredveRah s&8rd E@fve Mygie Q@ﬂer?r@&l o gh g h%el \éaRrﬁiew ﬁNA template

“final volume of 20 One- st
concep‘@attfoans r(eazplewi ulljeigaimsﬂﬁﬁﬁ‘reaaﬂﬂ -C?CIBE(CQD@RaﬁE@tfﬁJm each dilution in
d { ata& &g éﬁclr condltlons i ncl uded a reverse 30
order RIEERGIE Gie aseof gal-gmeR TBERs. After an

initial denaturatlon step at 95C for 15 mnutes in
order to actlvate t he Hot St ar Taqg DNA pol yner ase,
Comparative sGnsi mictyeerf wahtrde RAVPCRGnd Digytib@sFlu A test kit

‘ ation (94C 1 d
R N IR T RO e
EID50&@(@&@@%@3@??9%/5%%1&42@003@3@“8% dt 10™7 EfDd/mr liTAL 6) were

used fotr tthe dEet[ectlon threshold assay. Logarithmic dilution of specimens in phosphate-
buffered saline (PBS) (125 pL) were used in a rapid influenza A antigen detection kit,
Directigen Flu A, (Becton, Dickinson and Company) following the manufacturer’s
instructions. Each Directigen Flu A test device has an HIN1 influenza antigen spot in the
center of the membrane which develops as a purple dot and indicates the integrity of the test,

which is based on a monoclonal antibody to the nucleoprotein (NP). The development of a
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66 for 30 seconds). The FAM (em ssion wavel ength 516

nmfor H3 and M detection) and VIC (em ssion
woaveliesnget h 555 nm for 18S r RNA detection) fl uBCERS2WE/015090
g ignakse were gbtat'ned once per cycle at the end of

the extension step. Data acgpisition and anal ysis of

the real-tine PCR assay were perforned using the

purpl&RQR! su?ﬁhﬁ@i;ﬁﬁ Ehlsé/ &334 Hf&li(%ti@g oﬁgfegfe?%s@g&n@f) inflRenza NP in the tested

Specificity o prinmers/ pro or cani ne

speciinaf.| JdwnzateasHBNS) tharmhrpleisignat &bint the tpengle vespratsd aset (outline of

. far type i nfluenza vir I rder . to.te t he
wiand Rl QRS TAR 5! BB B0 il s gy drc
purplé t@4RgRSY eVigd] RIMAOWL SHRbRED5q(L bﬁ'c},i HEBE Bach WhIsUiRSion by using
were used as a tenplate in the real- PCR 10

time RT-
QIAaggsWiyal(RM4AIMind Bit ((Rhgens ValedeindCAY endleliingrimafiharvobfme of 50 L.

he r -tingr, RT-PCR perfo ce The genes of c¢anine
A voliiRy GEr ALASE ) S eh TRORI T Pitis Ao BB SCHAREg YT PCR for
compWRtiPe b&x@ﬂivi’ckﬂ@es@ MBS EOEFRARKARMPI i cons for H3 (nt

1-487) and (nt 1-276) by using prinmers |linked 15

with T7 pronoter (Table 13). Then the purified PCR
EXA icons of H3 and M genes were used as tenplates for

- vitro transcription by using R boprobe in vitro

Triesedlitiht RT-BER! &3y Tor dmiRMBABInANeliebRnfoRBation from three
manuf acturer's recomendati ons. The concentrati on of

molequir probesnwhich jageRARS il Eamchoshtced wrs welhgsV pgd H3 from the

i e riall

8329 AL 11 ERHYUB0E S350 DPLEA Y p g of
specimen fqoality smdsinteigyityt. \Cliréedl snec2dpsivtar dﬁbtﬁ’ftor}a s?ﬁpiesi aﬁlﬁilaining canine
. cury S generated b lottjng' . the log of Initja

influcgia (] 2105 o U0 DISL ABBRTERIon, 5o vt he Hgee probes.

. . : ) < i ' i i 0. ]

sy 5L BB e OISR AL LA I b o 13
woulg befindi¢ative RT aPORluBaapins subtepesHd diam hinngn t eehs or avian origin or

o B 108 P PSR e L b
primef¥ Weseg Shglddda (IiAGhatakhn 10 @n@l&e)dﬁi%@ﬁqi%%ﬁl};{oﬂected

and A/ cani ne/ Fl ori da/ 242/ 2003( H3 at_107'"' 7 EID50/1
and hangled gnecippens lagkingiintlyenzand virws aisld o8S rRNAstoplificationyignal only.

P [ ] b Lty [ ' hosphat.e- .. . .
s 930 10 S T80 ARG e 2 30D ippision s
are irdifative of dauityatethrgeire, dml&@ﬁ»t@ﬁ&n;dﬂgerrvliﬂ éiel(idrieﬁﬂllselzﬂldgaﬁve with M

Bect.on, Di.ckinson and Conpany ol | ow ng the . .
pmbe;r&ﬁ f’i?laf‘cPeﬁl%Ye for gy perd Pu‘%ftng%m%straﬁéc hFipplhe spegmgnifailing to yield
litestondsiyhae i |oRE |ae AR AL | | i
P 1clentoer gf t heﬁrc’ngﬁ:n;o;}g%é;%{/\%bi@géﬁ deve aglgé (gg&gédgﬁftrep%agl p?j%t% ollection,
degradaiibn dalilyyaRBle\ ektgadtioneyrthe ypresentehef inkshitors whe pblyirgrases used in

PCR based on a nonocl onal antibody to the nucl eoprotein
‘(NP). The devel opnment of a WD 2006/ 116082
PG bide? Q0@6ABS YRRifickY 0¥ the MB phikneds/frobé Set for Mnlre iBfluenza A virus

..... Dit,,ds
(H3NB) and the universality of M primers/probe set for type A influenza, several subtypes of

influenza A viruses were tested by real-time RT-PCR. The results show that H3
primers/probe set yielded a positive amplification signal only with canine influenza (H3NS).
No significant false positive or non-specific amplification signals were observed in other
subtypes or human H3 strains. The M primers/probe set yielded positive amplification signal

with all of the strains tested (Table 15). These results indicated that H3 primers/probe
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67 purple triangle surrounding the dot is indicative
of the presence of influenza NP in the tested
weoepewimens2 The intensity of the purple signal Pcomstde015090
voer i angl e hase seored-as + (outline of triangle), ++
(lightly colored triangle), 6¢++ (dark-purple triangle)
and ++++ (very dark- purple triangle). Viral RNA was
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appliqgongignyiziad apgursiecventiiicagion BP@HE0 LYy rectiore effieibncgndAn Rsq value

- i mens, | acking, in enza A.viru i el 8S

s e R BRSO Rk ol L A B Bl Sl e

will berl00. tAxethd @iGtar fRNAuie? FRna i inRetheR BrdebREs! AfiRsq value > 0.985
anplification signal are indicative of faulty
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nostrate specinens
95.9%anpldi RegatlioNd. sThesal saludst ndidae sdvisetopy @agsifRkon efficiency and

AT R
sensitivith &F MIRInI§pRVEY rﬁsﬁﬁnﬁgﬂ IE(BB 13 2rintepro Ees%g g? "the N-fold

to test the specificity of prinmers/pro
degenprgey @ nVinwimerfdegemeas wquiredit erskRNSpadinaverdpe of M gene sequences

Y j ' / b . t A
veriati HEIRE irdsks 8L G BEEE T0PC P fieéitsa. A vi r uses
wehe sttty dyrebliine IRTPCRTadbRwad Aol @iatdl $RRME Béhmercial
primers/ probe set vyielded aigosn tive anplification

rapid gjagHiggn oApipelien h assedi nirestiperenZau ( HENS)Logatitgic  dilutions  of

b ! o S C noR- AN -

AWy Sl OO RSl N E B0 TPRE o wapipesd wit

Directigenfllnetnard3bysteahiime. R THRERM Thid reaulsy @ik tiset Fiti &1sH&fed that the
Lpositive anplif] clation signal wth all of the strains

sensit Vétéelsea@atn?hgg@ Yi&3! stpmssarer anprpigatehyil @efeld dilvdion{som the stock

viruseR rdsé@[rﬁﬂféﬁ@@)@pe%e%%o&liéﬂﬁo‘%.z Wé@%@%@ﬂe@&&) generated by the
canine virus (A/canine/Florida/242/2003: 10%* PFU/ml) samples were much weaker than
those found in human virus (A/Wyoming/3/2003: 107 PFU/ml), in agreement with the lower

virus concentration in these samples. Alternatively, lower signal for canine influenza could
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weoeuhicyipes2 of type A influenza viruses. The per POTNEZ®E/015090
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Ignals (purple color) generated by the canine virus

(A cani ne/ Fl oridal/ 242/ 2003: 106'i PFUnhnl) sanples were

much weaker than 30 those found in human virus

(A/Wom ng/ 3/2003: 107 x PFU m ), in agreenent with

the lower virus concentration in these sanples.

Al ternatively, lower signal for canine influenza could
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Table t: UnteryBetation @hthe deal-time RUPCR assayx d Cs Cr u Cn U U
4-) toal & NQ -1-) -- to 4] -N-1-) UUb) O td

uCduUG t-+ UUGCs 01 4-) UUto col4) td qaesflts
a -1-) tob) 4 U4J 01 .1J b, b4

Interpretation M | H3 | 18SrRNA
Positive for canine influenza A virus (H3N8) + + +
Positive for influenza A virus (unknown subtype) + - +
Negative for influenza A virus - - +
Error in RNA extraction or presence of PCR inhibitor - - -
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HO 4 > U aMwrisass/prope set voHoseyeial stypeg of inflpegza wirgses
x HH Real-time RT-PCR
Subtypes detection
Strain Name Host | H3 gene
(Ct) M gene (Ct)
A/Ohio/1983 Human | No Ct 15.40
Hl A/WSN/1933 Human | No Ct 20.09
A/Wyoming/3/2003 Human | No Ct 28.85
A/Victoria/3/1975 Human | No Ct 16.62
H3
Al/canine/FL/242/2003 Canine | 28.43 29.25
Turkey/MN/1066/1980 Avian No Ct 17.49
H4 Clinical sample* Avian No Ct 20.87
AChicken/Thailand/CUK?2/2004 | Avian No Ct 20.13
HS A/Pheasant/NJ/1335/1998 Avian No Ct 16.64
16 Clinical sample* Avian No Ct 19.52
Clinical sample* Avian No Ct 25.64
H10 Clinical sample* Avian No Ct 19.59
Clinical sample* Avian | NoCt 15.72
HI Clinical sample* Avian No Ct 24.55

* Note that subtypes of clinical samples were confirmed by nucleotide sequencing.



WO 2006/ 116082 PCT/ US2006/ 015090 (E' "' 1{"mIE ~-

I, I T w4 15" -42"x;.6 rnll.r ;. ~ls i1.41- -.nl
w@200pa608214: Interpretation of the real-tine RTTRSR06/015090
" assay “Results ~-nterpretation M H3 18S rRNA Positive

for canine influenza A virug3(H3N8) + + + Positive

for influenza A virus (unknown subtype) + - +

Tabfeddt Chmphffive RdsHRA Qesff& ok § Ta A*\'/lruFﬁét@Etldr{kbe'ﬁWé'én real-time
extract| n or pre dtféaﬁ?l 8 - WO

PaYa¥al 140000 ,Ig N
20061 IJ.tJ.LI\J/LEJ;DL f;é'c{tlgenlﬁ‘ AIUtJ-JUU U t kReﬁf—fl&le\fﬁ&?% OFM(Ct)

VlrustI
e 15"

Specificityv -test of ¢
AMaaRnei24203) || AYWyeming/3/03 \y g/ eanine/2h3/83 Aoty opingaz003

eral subtypes |of influenza A viruses Real -ltine

dilutiggf

sev

10RT- PCR Shbt ypes |det ect+ o Strlai n N&w2 Host |H3 gerl®.48
(&) Mgene (&) | AChio/1983 Human No ¢ 15./140 H

10A/ WBN 1933+ Human [No Ct +20+ 09 A/(Woni pg88/ 2003 Humam2Ng
C £8.85 A/ Victarial/3/1975 Hunan No C 16.62 H3

10#\/ can
Tur

I nel LT 24721

<ey/ MV 1066/ 19

003 Canj ne Z28.
80 Avi an No Ct

17,45 "l a

. 25.76
ilni cal

ax| II/')I 200 A

JI

an
16

JaAlt
10AV|

E S VI
T |

64 He Cliy

=y Nl
(1) LAY

01570, 13

I‘\\./lll La

asan

bl LNﬁ)

10-CI i hi

i caNobdens e

e*

Avi an No

G 19.59 din

Avi anotdpner 25,

N1 558 1908 Av

t/ NJ/
vvian No Ct 19

AV| a;?\gl‘@

64 HHLH8dini

i cal sanpl e*

Ca| 33.14

Avi an_No

sSa
10¢t

15. 7Notddned i n

i cal Netadnplee*

Avi an MNo5Tx 24.

55 35.06

107

Not done

Not done

39.09

36.44

10°

Not done

Not done

No Ct

38.93

Table 17.

Class of Amino Acid Examples of Amino Acids

Nonpolar Ala, Val, Leu, Ile, Pro, Met, Phe, Trp

Uncharged Polar Gly, Ser, Thr, Cys, Tyr, Asn, Gln
Acidic Asp, Glu

Basic Lys, Arg, His
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Table 19. Amino acid differences between PB2 proteins of H3N8 equine and canine

influenza viruses
Position Equine Consensus * Canine/FL/03 Canine/FL/04
5 K K E
12 S L L
37 G G E
175 R R I
374 L I I
375 R R K
447 Q Q H

influenza viruses

Table 20. Amino acid differences between PB1 proteins of H3NS equine and canine

Position

Equine Consensus *

Canine/FL/03

Canine/FL/04

114

154

221

317

459

682
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pragei ns off H3N8 egui ne and canineT T

343 A E E

345 L I I

353 K R R

400 T T A

450 \ 1 1

460 M M I

673 R R K

675 N D D

*Based on available genes of viruses isolated between 1963 and 1998.

Table 22. Ammo acid differences between NP proteins of H3N8 equine and canine
influenza viruses

Position Equine Consensus * Canine/FL/03 Canine/FL/04
16 G D D
157 A T T
214 R R K
285 v N I
286 A T T
359 A T T
375 D D N
384 R K K
452 R K K

10
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Table 24. Amino acid differences between M1 proteins of H3N8 equine and canine

influenza viruses
Position Equine Consensus * Canine/FL/03 Canine/FL/04
M1 161 S S A
M1 208 K/Q R R

*Based on available genes of viruses isolated between 1963 and 1998.

Table 25. Amino acid differences between NS1 proteins of H3N8 equine and canine
influenza viruses
Position Equine Consensus * Canine/FL/03 Canine/FL/04
44 K R R
59 R H H
71 E K K
86 A T T
88 R R L
140 R G G
216 P S S

* Based on available genes of viruses isolated between 1963 and 1998.
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Posi tion Equi ne Consensus * Cani ne/ FL/ 03 Cani ne/ FL/ 04
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v 0 268 e N -80S 396 ND D 397 L PP 5 Table

24. Amino acid differences pptween ML proteins of H3N3

equi ne and canine influenza viruses Position Equine

Consensus * Cani ne/ FL/ 03 Canine/FL/04 ML 161 S S A M

208 KKQ R R *Based on avail abl e genes of viruses
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this application.
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‘nflC . .14 83 CLAIMS

5. The influenza virus according to claim 1, wherein said influenza virus comprises a
polynucleotide having the nucleotide seqﬁence shown in any of SEQ ID NOs: 1, 3,5, 7, 9,
11,13,15,17,19, 21, 23, 25, 27, 29, 31, 47, 49, 51, 53, 55, 57, 59, 61, 63, 65, 67, 69, 71, 73,
75, or 77, or said polynucleotide has 98% or greater sequence identity with the nucleotide
sequence shown in any of SEQ ID NOs: 1, 3, 5,7, 9, 11, 13, 15, 17, 19, 21, 23, 25, 27, 29,
31, 47,49, 51, 53, 55,57, 59, 61, 63, 65, 67,69, 71,73, 75, or 77.

6. The influenza virus according to claim 1, wherein said influenza virus is the viral
isolate designated as A/canine/Florida/43/04 or the viral isolate designated as
Al/canine/Florida/242/2003.

7. The influenza virus according to claim 1, wherein said influenza virus is the viral

isolate designated as canine/Jax/05 or the viral isolate designated as canine/Miami/05.



W claim 1. An isolated influenza virus that is

capabl e of infecting a canid animal. 5 2. The
\NoanueﬂBa virus according to claim1, wherei nP€aiUS2006/015090

“nf 1 uvenza vir usmhasan HA - serotype of H3 or H5. 3.

The influenza virus accor8ng to claim1, wherein said

i nfluenza virus has the 10 serotype H3N8. 4. The

i nfluenza virus according to claim1, wherein said

i nfluenza virus conprises a, poly nuclegtlde whi ¢

enbo iofated xprdywéqmda éhath sQmAESee B ORRAH O Q@P%OIE’@&S%‘HS@ or gene

NOs: 2, 4, 6, 8 10, 12, 14,
of an mﬁ‘%@enziélru%%%%é’f CE‘Z?E% 39728 30, 32, 33, 34, 48, 50,
52, 54 15 56, 58, 60, 62, 64, 66, 68, 70, 72, 74, 76,

or or a function nd/ or ogen
?-hé h@ @plyngpleg%@edaﬁggyc@%% g@,][n? ge gg%aé(li %o{}fnﬁglg@gc%e %Pmpnses
all or J]a?tvdf{b% 13&3/8 é@ﬁ@ %1@61ec§ﬁ91ﬂ&ﬁ§ Broub d:@ﬁimtlrhg ofd ﬂibdrdnﬁlmdase gene,
u

no aci ence shown in any of SEQ I D NOs:
a nucléhprcﬁem]géne 1Pmatkik pro@in ga®, a polyngepase hasic %ote%engoa p ﬁmerase

34, 48, 50, 52, .54 4 68,
acidic ]?]6)'[611? genei 2 no;;xg,tructgi;al .ngtelg %e%é? %Jf.% g@lf%lgg%}gﬁré g g\%ﬁer us
according to claim1, wherein said influenza V|rus

conprises a _pol ynucl eotide, haV| g t.he g
0 $@qlibe pelysndeptiderncaprgling to Siatm ein gaid4n %enz% v1r§s comprises

a polyng%léotg% wlggh ‘éc;ddeég poé%ep%&% haé%g té% amgtg) ac;& seq‘;a%nceﬂ:ﬂhown in any
of SEQAD KDs: BY4,57i8¢ 1901 Ndc| Gdi8; 2@, 192949396285 36+ Bat33s 34, 48 50, 52,
54, 56 zﬁ%g\%\gngi éﬂen%ktségg %% mﬁnucggo&gg %L}ncgflgng]l%d}lc‘ilsimr&%t}ogemc
fragme%%theéeg)f érl’sal%spolgfﬁuclgﬁldez&codéﬁl a ﬂy}%e%ﬁde Shyip3 99%S5pr greater

5 67, 69 or. 77..86. TEe 10,
5  sequendeniibntép zéthvithe asine acad deq\@nwﬁh@m Ipany O@Iﬁg% 1?1qusﬁ &4 06,8,

12, 14 B bR bitth Pada o o TV AT Tharats Moo cnarsd™ 7™

&si’gnat ed
72'p;qg(ﬂ%g A cani ne/ Fl ori da/ 242/ 2003. 7. The i nfl uenza

virus accor di ng to claiml, wherein said influenza

w

virus | s the viral isolate designated as
B L Ll i

20 apolyrﬁwleeﬂdd: ﬁ@duag et melopride kepbhaeshbivatin aoyof SEQSIINOsoL, 3,5, 7, 9,

11, 13,05 008 Sheip ap. 1 et 41 B s R BT B el 6371 -
75, or 35C8F 9&1@% fﬁ]u?lleé‘ﬁd'g )@ro@g?ea%&' BqRalcy Ti@éiitﬁptwﬂﬁhe nucleotide

cohpri art of an influenza gene sel ect
sequenté sl gtyouﬁ)SEQrw NOsnh Bf5, 4, hell-ddi A ,d]a73é9g%he23 25 27, 29,

31,47, 49, 51, 53, 55, 57, 59, 61, 63, 65, 67, 69, 71, 73, 75, or 77.
25
12. A polynucleotide expression construct comprising a polynucleotide of any of

claims 8 to 11.

13. An oligonucleotide that can hybridize to a coding or a non-coding sequence of a

30 polynucleotide of any of claims 8 to 11.

14. The oligonucleotide according to claim 13, wherein said oligonucleotide

hybridizes to said sequence under high stringency conditions.
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a nucl eoprotein gene, a matrix protein gene, a
pol ynerase basic protein gene, a polynerase acidic
\Vpnmmﬂuﬂmgene a non-structural protein gene, BAU/UA2006/015090
* “hemaggluti-ni n™geme.” 0 10. The pol ynucl eoti de according
to claim8, wherein said i88f|l uenza virus conprises a
pol ynucl eoti de whi ch encodes a pol ypepti de having the
am no acid sequence shown in any of SEQ ID NGs: 2, 4,
6, 8, 10, 12, 14, 16, 18, 20, 22, 24, 26, q g@v
B3, T}smhgtmucmud@accordswg tosgains &3, vepreig ai 1g°66° eqiie’is 10 to
0 50
500 nuqighbg0nit2? Rkt 30, B pHASHAETY BIK Ricleotides,jdl
nucleoti@Bs; O5ie %o %Opmlcymﬂés Cﬁa I?ta\’iO noicBdtisles, r @aﬁ@rm@l@@d@ﬁersdeto 90

i denti t I d sequence shown in any of
nucleotlgaaorﬁl}r/wokm lzuclqptldesl g 12, 14, 16, 18, 20, 22,

24, 26, 28, 30, 32, 33 34, 48, 50, 52, 54, 56, 58
60, 62, 64, 66, 68, 70, 72, 74, 76, or 78. 11,

p@l yihel elmgqndeleatmdfo raglq:qa@mg otoc |cg1|11m 83 WHSFeR nsagcglqjlgonucleoﬁde
i nfl uenz

S _conprises a pol ynucl eoti de having
comprigef, g dﬁi?&iag F‘?f’ Okéa?rﬁg’ﬁté’émghé"\}\ln% in any of SEQ ID NGs: 1,
3, 5, 7, 9, 11, 13, 15, 17, 19, 21, 23, 25, 27, 29,
31, 47, 49, 51, 53, 55, 57, 59 6
11, Thgoligameleghideaccorting i daipbl 3, Feé%ﬁfi“g é?hﬁ%\%‘i"b‘é’?)d%?‘as from

about %&%ﬁ&ﬁ{ to° ﬁgj‘gﬁﬁg&t ngl@l%ﬁ#ey s§é‘\6§r{bet@&h@§“ Qiod b&i?nucleoélde of claim

i n an

8. 11, 13, 15, 17, 19, 21 23, 25, 27, 29, 31 47, 49,
51, 53, 55, 57, 59, 61, 63, 65, 67, 69, 71, 73, 75, or
77. 25 12. A polynucl eoti de expression construct

ignp'&l;h%' Bﬁ ShuRRlwasIclcetainde tofciany 18f wikdréihmsaid djligohﬂlcleotlde

onucleotlde that can hﬁbrldlze to a cod

comprisds aaluamotldmsqugncsyesdmwnoma@y ofaSEQQ MW@QB@& b ae 356 48, 41,42,
T I | eotid
3,44, 3008 Ao 60 P PSS, STt 8001 gonuc cot i de

hybri di zes to sai d sequence under high stringency
condi tions. WD 2006/ 116082 PCT/USZ?OG/Ol 090 q !%t 11
e Aot ispleted mrobimeniide esedrcdihypelynigley yhkyiaing 8 to 1.
said oligonucleotide is 10 to 500 nucleotldes, 10 to
20 nucl eotides, 21 to 30 nucleotides, 31 to 40
moc Imtpoqjﬁjepudeladcorcﬁﬁ)g tonelaihe A, |vdr®st;1n Smdtpglmpude is selected from
nucl eat i des 1 to 70 .nucl eoti des
the graWIIoBBITIES. o BEmPEEIED BIRIED) b GETARLIAEE Rqiefn, apyglooprotein, o
matrlxgacg‘t]eﬁlog ﬁgf‘y?nérg'ﬁ llﬁd@ﬁtlﬂ}oteilrp a pbiyEn&thdedRMUE pettindend a non-structural

cord wherei'n said ol igonucl eotide
proteitconpri ses a detectable |abel or a reporter nolecule. O
17. The oligonucl eotide according to claim 13, wherein
sai d oligonucleotide has from about 90 percent to 100

@l] CR @BmﬁHﬁﬁ@r%érﬁﬁnsﬁﬁQb&?ﬂﬁﬁuﬂl@%ﬁfolfhﬁ inluehzeavirus of any of claims 1
ol ynucl eotide of c|aim
to 7, wherem said immunogen is capable of inducing an immune response against an

influenza virus that is capable of infecting a canid animal.

22. The composition according to claim 21, wherein said immunogen comprises cell-
free whole virus, or a portion thereof, a viral polynucleotide; a viral protein; a viral
polypeptide or peptide; a virus infected cell; a recombinant viral vector based construct; a

reassortant virus; or naked nucleic acid of said virus.
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8. 18. The oligonucl eotide according to claim13,
wherein said oligonucleotide .5 conprises a
waualeaaéiste sequence shown in any of SEQ | D NOBCT@52006/015090
v w36; 8788, 397407 41, 42, 43, 44, 45, 46, 79, 80,
81, 82, 83, 84, 85, 86, & or 88. 19. An isolated
pol ypepti de encoded by a pol ynucl eoti de of any of
claims 8 to 11. ?0 20. The pol ypepti de according to

claim 19, wherein said pol tide.is.sek fr :
28 h& hgreouposising i26¢qrAREJP %Emﬁg%?ga@ﬁ{?ﬂff said %br?‘gi’lg’?eﬁﬁ @Epep“?;’
dAGHr AR ' bERAQ I N8t 2,i4 6, 8, 10, 12,
or pept1d6 rcg%ngfr'%é,é agaagrgflg Eﬁﬁ%b@en@e HéHnSARAP Q

nmer as

basic proteln, a polymeras
14, 16, 18¢26]i22, P4, D628y, 30332, 3B, Brihs 604Dy Gi6, 58+ S0 bn o35, 68,70, 72,

A conposi tion conprising an i L.pf L HRAZEeotid
716, RSP PG Fo A TUARRD Sl ] punnadcc
encodes h?ﬁof)@@ EnRfingd 999 G BEafR séqehireidedip ovitetha gaiims acid pequence

| 3

shown el SEOTD NS % b 101 h 1Ac il 25 Por i Bol58, 33,34,
a3, 50, 9 T H 20 2T BE R IPTE PATE O R pol ynuch eot 1 de:
viral protein;, a viral polypeptide or peptide; a
Hon e gampesior SiRaro JRPhR: of et o R igotide
encodesofgposi%egtig% %%’1‘218?%4%%9 ggé%%%?ﬁ%z e %eté;fli%&&gg%?W@EQ iD 88s: 2,

4,6, 8, Haild, 14,18l 130265 2224, 26l 38p 3Rt 3283, 34@A8pgbt5pd§ﬂ§srge {6062, 64,

an_am aci g sequence shown j dnPi¥&RF. 2,
66, 68, 10, 7&,74;?751‘6, 2¥a¥'f’szﬁ°’1%,an%’f1“§8a{, E%?{C 47726, 28, 30,

32, 33, 34, 48, 50, 52, 54, 56, 58, 60, 62, 64, 66,

68, 70, 72, 74, 76, or 78, or a functional and/or . ...,

2iménorgeheidclof rindpeing an HBMBRY TeSEPNSS AP Fo AL 4R i d
. ncodes .a _po t] jqN % G eaktelind €6 WeidCimal an
VHUSOF&E%%&ﬁ§”RFtL%5ﬁg %ﬁfﬁ%ﬂggigngéhdgage shomﬁ§in any of
effectiveERobR M@conhoshionGreedding@o adPof daims P8, 22,83, 0024.22,

24, 26, 28, 30, 32, 33, 34, 48, 50, 52, 54, 56, 58,

60, 62, 64, 66, 68, 70, 72, 74, 76, or 78. 24. The '

gg ”ﬁ%%'xﬁétﬁ?d g@&ﬁ’&iﬂg RY clafin SlsaiwReRtn st Rbeiposisian domiprisds a viral

I yniucl'eot1 de encodes a pol ypeptide conprising an £SEQ ID

protein 261 yisepé dé, br pepidnaenirognan FMiRA\ACH SCHEYCP BRQYR i1 30y 01y Q

6, 8, 10, .1 4 , , "ol 4 . 482850 39,54386, 58, 60,
NOs: 255, .841043; P4 03 24008 g2 s Sy S0y dhsggdo.

68720, TA 74796, R1781&a fafctinbLaeloramatunageliio fragment thereot.

62’64’i%§"rrunogeni c fragment thereof. 5 25. A method for

i nduci ng an i nmune response in an ani nal agai nst an

infl.uenz LS, any; |08 sdidliginfineS8ipgdnseishasotective

ggnﬂﬂﬁeﬂﬁaocg%crﬁoﬁlgé & %‘Sp ?%’qg}géll ani rlr_al an epfd) fective
immurd ¥8spBhseChatepremmpasiihibits mfation ofigpid eniar) by an énthienga PuS

22, 23, or 24.

78. The method according to claim 25, wherein said influenza virus has an HA

serotype selected from H3 and H5.

29. The method according to claim 25, wherein said influenza virus has the serotype

H3N8.
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26. The nethod according to claim25, wherein said
conposition conprises a viral ;0 protein,
woabospegise de, or peptide conprising an am no aeC®/US2006/015090
vogequente "shownri-nary*of SEQ ID NOs: 2, 4, 6, 8, 10,
12, 14, 16, 18, 20, 22, 24g726, 28, 30, 32, 33, 34,
48, 50, 52, 54, 56, 58, 60, 62, 64, 66, 68, 70, 72,
136: T mQL’hﬂg Gccdpling th lé[hﬁl';lh' BNYheRNLA8 cofpeNaes Fukher comprises
ragnent thereof. 27. The nethod according to claim
an adju®ant. wherei n sai d i nmune response is a protective 7?5
i mune response that prevents or inhibits infection of
said animal by an influenza virus. 28. The nethod
&G C qihe nfi@hdOacebinp RTlaii B, ihbrefindail] knifdaliBrzanid. r us
has an HA serotype selected fromH3 and H5. 30 29.
The nmet hod according to claim25, wherein said

iR | i > : 0 ; : : :

3o/ AR pEGudRR R P By it Eani g, AR cated
dog. ,WMIn wnV ,nu. .,i, gq.,,0 87 30. The nethod

according to claim25, wherein said conposition

further conprises an adjuvant. 31. The net hod

aaCcoTil AGJY &dRldhE% WA, Rvikalifl safll EBthpdsiich Badtindnistered

5 32. The nethod according to claim31, wherein said
parentarahyi.d ani mal is a domesticated dog. 33. The nethod

according to claim?25, wherein said conposition is

adm nistered 10 parenterally. 34. The nethod

BACOTHE R Bdodkdh@3o chi@r 33, nvigadia salnpaspdsition issadministered

adm ni stered subcutaneously, intraperitoneally, or
subcutpneons i igtapesitoneally mranframyuseulddyhod according to clai m

25, wherein said conposition is adm nistered nasally

or orally. 36. An isolated antibody that binds

sieciThe emdthod tecoading o tetgia 2, vehepeihysped tordpositiora isyadngihistered

cl ai 19 or 20. 20 37. The anti body according to
rw“mﬁﬂ¥ﬁgﬁﬁ6, wherein said antibody is a nonocl onal

anti body. 38. The anti body according to claim 36,

wherein said anti body binds to a 25 hemagglutinin .

pY6ot A fsold@] amtthedy thdt bindy snecifiealiyrig an 6pEPRa oh sBolypeptide of any
cﬁckﬁ%@? %kaosaid hemaggl utinin protein is an H3

37. The antibody according to claim 36, wherein said antibody is a monoclonal

antibody.

38. The antibody according to claim 36, wherein said antibody binds to a
hemagglutinin protein.
)
39. The antibody according to claim 38, wherein said hemagglutinin protein is an H3

or an H5 hemagglutinin protein.

40. The antibody according to claim 38, wherein said hemagglutinin protein
comprises an amino acid sequence shown in SEQ ID NO: 16, SEQ ID NO: 32, SEQ ID NO:
62, or SEQ ID NO: 78.



or an H5 hemaggl utinin protein. 30 40. The anti body
according to claim 38, wherein said hemaggl utinin
wonReicailens2 conpri ses an amino aci d sequence shorOTiIUS208E 5090
IDNO 16, SEQID NG 32, SEQID NO 62, or SEQID
NO 78. WD 2006/ 116082 PCRB8US2006/ 015090 88 41. A
cell conprising an influenza virus of any of clains 1
ih A @il @npeisitpual adiuede vink oflaay wf 8laird? 1 td Meorcepdlynucleotide
. according to claim4l, wherein said cell is a canid
Ofdmnhginal cell. 5 43. A nethod for detection of an
i nfluenza virus of that is capable of infecting a
canid animal, said nethod conprising obtaini ngl a
#2. ol edldccending to claimn lawharsimsaid egdbis ecpridrinigal oshi d
sanple for the presence of an antibody or a |ligand
that binds to a protein, polypeptide, or peptide of
45 Amhdthehir deietticn of andinflueiza ¥iras ohthat is @apabl@ofififecng a canid
) nmet hod. for detection, of an influenza virus that s )
animal, said4B$tROG FOINPIERE PRigINaNE & Riddogiealspmple fofp an pBihynd screening
_ e N Lai . _
s s B B B o o eand Pl RRTR. P AT Rypepride o
peptide afi amiiflpemiactinstdfdey at clemei htp .0 any of clains 13 to
18, and determning if said oligonucleotide hybridizes
under stringent conditions to said 5 nucleic acid.
45. APmeBbRTE: EQEctRar el ifudRh vaus S eHehabRalf infecting a canid
_ _possesses_antiviral activity against an influenza |
animal,vsaidisnethed compeisipgbpleaining afrucldingold eumpld Gpmnap animal, and
contact%ﬁ{s%id%cﬁ?cdacqggﬁﬁ Rt af %%%%%Efegtgdefaac%&dir%{bf tcﬁgzlaims 13 to
or conprising a virus any of clal 1 to
18, andMiétBrginingsif $id otipeniretbodide hybiidizes nhdwg whrddnercosditidns to said
. test conpound inhibits activity of said virus in said
nucleic@gld] 46, A reassortant virus conprising at |east one
gene, genom c segment, or a polynucl eotide of an
influenza virus of claiml. ,5 47. An isolated virus
thatA methedi for screerang forrrocamipoing ribat | postesshe sintiigalaictivity against
. msaid one or .nore. polynucl eotides.encode a.canine .
an. inflgteq a5 g% 15, Eangbliy B DGR i BRPAR i Jrgghod comprising
contactﬁ@?@ sl iifected vith oNBomPHsindRy viRBlef BB of RRimaNdtdND, with a test
a

unctional or imunogenic fragnent thereof. 0 = = .
compound and determining whether said test compound inhibits activity of said virus in said

cell.

46. A reassortant virus comprising at least one gene, genomic segment, or a

polynucleotide of an influenza virus of claim 1.

47. An isolated virus that comprises one or more polynucleotides wherein said one or
more polynucleotides encode a canine influenza virus protein selected from the group
consisting of HA, NA, NP, MA, PB1, PB2, PA, and NS, or a functional or immunogenic
fragment thereof.

48. The virus according to claim 47, wherein said one or more polynucleotides

comprise a nucleotide sequence selected from the group consisting of SEQ ID NOs: 1,3, 5, 7,
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48. The virus according to claim47, wherein said one
or nore pol ynucl eotides conprise a nucleotide
weoeemsanes2sel ected fromthe group consisting oPCEERIB015090
NGs: 1, 3, 5, 7, WO 2006/116082 PCT/ US2006/ 015090 89
9 11 13, 15, 17, 19, 21, 83, 25, 27, 29, 31, 47, 49,
55, 57, 59 61, 63 65, 67, 69 71, 73, 75
9,11 alﬁd153717 1921743, Zﬁ,ﬂas2%c3doﬂau49951053@6é;$ﬁ 49, 61W68; 65,167, 69, 71,
S protein has an am no acid 5 sequence sel ected
73,75 %drjlnme group consisting of SEQ I D NOs: 16, 32, 62,
and 78. 50. The virus according to claim47, wherein
sai d rotein has an ami no acid sequence selected _
?% Tt‘N’ﬁ ‘Pﬁ%so%ﬁ%l&gsfosfl'r% 8¢ whenein A proteirpas &g amino acid
sequexﬁ‘é@el%@ted Honpthe Ig}_ é@nﬁl‘éﬁ GBHNGS 18! ? Botfad 78,
wherein said N oteln as an am no aci setquence
sel ect ed fromthe group consisting of SEQ ID NOs 10,

52. T e. vVi.rus, accor di to clajm47
\/\Iﬁoer ei’n srél:gaa FIBiE ﬁmhﬁz Shetsi ?%dg\g“\d’m@g’qh@n% amino acid
sequerkelseletted fiomDiie sy gg% Sshﬁtu@gmssm MWOY: 19683, 158, Me74, 14,

30, 60, and 76. 1 The virus according to clai'm
47, wherein said PBl protein has an am no acid

S?ﬂuq}Qe\Iégﬁ %8&%%% éﬁ'aﬁ%QJQSNE%f%\l/rf ?Elljé l\ilg %.:c,]léaSSE Lino acid

sequersk aeleetdd fromhide ersupsinsisRPoABRQ 8D Na I 0276, 36 4l ACi d
20 sequence sel ected fromthe group consisting of SEQ
I'D NGs: 2, 18, 48, and 64. 55. The virus according to

csmi 'Ihéfzflru‘ﬂ'f&%&?rkiﬁlgst%' GaiMPr QhGER Has M0 p%@eﬂ:?h%gtﬂ ino acid
sequence sel ected fromthe ‘group consisti'ng o s,
sequenqeseleged fiom the graupcboBistigSofFEQ MDA G: ds30960padi T6y t 0

claim47, wherein said NS protein has an am no acid
sequence selected fromthe group consisting of SEQ ID

NG TBe vds abéordiagdo 7<§Pa1m5477 v%é?@ihhﬁﬂi PRI HSkRCEAOM Hhino acid
an influenza virus that is'c i nfecting a

sequengg s¢lgcted Fpmeihe SEaipFoReistingof éﬁc‘pﬂb N(}sg 4oM, d0ninvis @
sanpl e containing nucleic acid froman animal, 30 and
contacting said nucleic acid sanple with a forward and

rievefbe viris gocurding atb i oleimp4 7, Weliieréih aki dOPBY ro@RChds &ahthiho acid
& %ﬁnuc eoti de or, gene sequence of said virus
sequenih 3R L 16 S0P aPFBIEIHOID Qe Pt w1 G

anplification product if the nucleic acid contains a
sequence to which said prinmers bind; and detecting
¥ d Theyylitus iaceariling tor deinT 47, Wee2B0S#d PEOSRvtein has an amino acid

sequenigy S(1EE RO P Bte e s SHALT SRuB: £ A & an
ol i gonucl eoti de according to any of clains 13 to 18.

56. The virus according to claim 47, wherein said NS protein has an amino acid

sequence selected from the group consisting of SEQ ID NOs: 8, 24, 54, and 70.

57. A method for detection of an influenza virus that is capable of infecting a canid
animal, said method comprising obtaining a sample containing nucleic acid from an animal,
and contacting said nucleic acid sample with a forward and reverse oligonucleotide primer
that binds specifically to a polynucleotide or gene sequence of said virus under conditions
sufficient for generation of an amplification product if the nucleic acid contains a sequence to

which said primers bind; and detecting said amplification product.
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58. The method according to claim 57, wherein said oligonucleotide primer is an

oligonucleotide according to any of claims 13 to 18.



